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FINAL DRAINAGE REPORT FOR  

WATERBURY FILING NO. 1 

EL PASO COUNTY, COLORADO 
 

INTRODUCTION 
PURPOSE 

The purpose of this Final Drainage Report is to identify and analyze the proposed drainage patterns, 

determine proposed runoff quantities, size drainage structures for conveyance of developed runoff 

based upon the overall development of single-family homes along with all the supporting 

infrastructure, while following the guidelines of the 4-step process.   

 

This site was previously submitted as Waterbury Phase 1 Preliminary Plan with 3 separate filings by 

Classic Consulting Engineers & Surveyors, LLC. The Final Drainage Report for Filing 1 along with 

the construction drawings were approved in September of 2016 by EL Paso County Development 

Services and the Final Drainage Report for Filing 2 along with the construction drawings were 

submitted for review in September of 2017 and comments given back in September of 2017. Filing 3 

had been preliminary designed but nothing submitted to EL Paso County. Since this time the owner 

had revised the lot layout and removed the alleys shown in Filing 1. All the public roadways have 

remained the same with the exception of the ROW for Saybrook Road from Stapleton to Bayshore 

Way, where it changes from 65’ to 89’. With these changes El Paso County Development Services 

requested that we submit a new PUD and Preliminary Plan and the associated MDDP for these 

revisions. An Early Grading Permit was also submitted.  These have been approved and this Final 

Drainage Report is being submitted with the Final Plat and Construction drawings.  The new PUD 

was processed as Waterbury Filings 1 & 2 but will now be platted as Waterbury Filing 1 along with 

the appropriate construction drawings. The overall proposed drainage patterns do not differ much and 

follow the previous studies closely.  

  

The Waterbury site lies within the Geick Ranch and the Haegler Drainage Basins, storm runoff drains 

southerly via 2 existing natural waterways, one bordering the site on the west (Haegler Drainage 

Basin) and one on the east (Geick Ranch Drainage Basin).  The “Haegler Drainage Basin Planning 

Study” was prepared by URS and approved in June of 2009. Drexel Barrel & Co prepared the “Geick 

Ranch Drainage Basin Planning Study” submitted for approval February 2008 but it has yet to be 
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approved by El Paso County, and therefore there are no drainage fees in this basin. In the Haegler 

DBPS it is noted that “a portion of the Haegler Ranch as delineated by the County map was found to 

be part of the Geick Ranch Drainage Basin at Judge Orr Road, due to a lack of a roadway culvert at 

the crossing.  This is excluded from the Haegler Ranch DBPS and is included as part of the Geick 

Ranch DBPS, per the County.” These 2 channels eventually drain to Black Squirrel Creek and 

ultimately the Arkansas River.  

 

PROJECT CHARACTERISTICS  
Waterbury Filing 1 plat consists of 198 single family lots on 61.87 acres and is part of a larger 

development of 322.0 acres to be developed over time and in multiple filings. A PUD Development 

Plan, Zoning and Conceptual plans have all been previously processed and approved with El Paso 

County. The area of disturbance of 74.33 acres is larger than the platted area due to offsite drainage 

improvements and street improvements. 

 

The site is in the SW 1/4 of Sections 28, SE ¼ 29 & NW 1/4 33, Township 12 South, Range 64 West 

of the 6th Principal Meridian within El Paso County, Colorado.  The site is bounded to the west by 

natural channel and 4-Way Ranch Filing No. 1. To the south by Stapleton Drive.  To the north by 

unplatted land consisting of future Waterbury Filings, and to the west by a natural channel unplatted 

land consisting of future Waterbury Filings (See vicinity map, Appendix A). 

 

The site consists of 100% Columbine Gravelly (19) per the USDA, NRCS web soil survey. The 

hydrologic soil group “A” was used to represent the soil types and determine the onsite basin overland 

flow. (See map in appendix) 

 

The study area consists of undeveloped land that has existing vegetation consisting of established 

native grasses. A ridge running north to south splits the site with the west 1/3 draining southwest with 

average slopes of 0% to 3% and the remaining 2/3 drains southwest with average slopes of 0% to 3%. 

There are no existing on-site improvements.  

 

The site has been analyzed in several approved studies including the following “Revision to the 

MDDP for Meridian Ranch, EL Paso County, Colorado”, approved October 2005, and prepared by 

PBS&J. “Final Drainage Report for 4-Way Ranch Phase 1” by JR Engineering Dated March 2006. 
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The “Geick Ranch Drainage Basin Planning Study” dated February 2008, and prepared by Drexel 

Barrel & Co. The “Preliminary/Final Drainage Report for Meridian Ranch filing No. 3” by Tech 

Contractors, November 2011. The “Master Development Drainage Plan, 4-Way Ranch – Phase 1” by 

Advanced Design Professionals, Inc. dated January 2012. The “Preliminary Drainage Report for 

Waterbury (Phase 1 Preliminary Plan) dated June 2013 by Classic Consulting analyzes this area in 

more detail and then Classic followed up with the “Final Drainage Report for Waterbury Filing No. 

1” dated September 2016 which studied a portion of the area now being developed. Kiowa 

Engineering also prepared a 2004 LOMR (04-08-0012). 

 

As-built field survey data is the basis for the design of the drainage basins. 

 

FLOODPLAIN STATEMENT 

A portion of this site along the western edge is within a designated F.E.M.A. floodplain, as determined 

by Flood Insurance Rate Map No. 08041C0552G December 7, 2018 (see appendix). The floodplain 

is shown on the proposed Drainage Map in the appendix along with the FEMA Firmette. Lots from 

Filing 1 abut the channel with rear lots lines, but are set to be outside of the FEMA floodplain. As 

mentioned in the previously approved “Final Drainage Report for Waterbury Filing 1” dated 

September 2016 prepared by Classic Consulting Engineering & Surveying the floodplain was 

determined by Kiowa Engineering in a 2004 LOMR (04-08-0012) using a HEC-RAS analysis 

modeling developed flows along the channel from the 3-42” culverts under Eastonville Road south 

to the existing stock pond (Design Point 13) south of Stapleton Drive with proposed and existing 

improvements such as the proposed 42” dual culverts located at the Gilbert Road crossing and existing 

dual 4’ x 8’ box culverts at Stapleton Drive. A CLOMR will need to be submitted and approved by 

FEMA as “the cumulative effect of the proposed development, when combined with all other existing 

and anticipated development, will increase the water surface elevation of the base flood more than 

one-half (1/2) foot at any point within the community.” 

 

 

The Base Floodplain Elevations are shown on the Final Plat and based upon the HECRAS model 

discussed below in the West Channel Developed Analysis section (see appendix for HEC-RAS 

model). Elevations have also been provided on the east channel but it is not currently a FEMA 
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floodplain. 

 

HYDROLOGIC ANALYSIS  

The Drainage Criteria Manual El Paso County (DCMEPC), dated January 2015 was the resource used 

in this analysis. Runoff was calculated using the Rational Method for developed conditions (see 

appendix). The DCM EPC Update includes the City of Colorado Spring's DCM Chapter 6. Runoff 

coefficients were calculated using weighted impervious values for each specific basin. 

 
EXISTING CONDITIONS 

In the existing condition runoff sheet flows southwest and southeast overland to the existing channels 

on the west and east side of the site. Below is a description of the existing condition’s Design Points, 

Basins and site runoff.  

 

The geotechnical report states that groundwater was encountered at a depth of 6.5' in some locations. 

In the proposed conditions mitigation efforts are discussed for dealing with the shallow groundwater. 

 

There are 4 offsite basins that drain existing runoff onto the site from the north under Eastonville 

Road through culverts. There is also un-platted open space just north of the proposed Waterbury 

Filing No. 1. 

 

At Design Point 10A 3-42” RCP that routes runoff from a temporary sediment pond south onto the 

property (Basin OS-5). The “Preliminary/Final Drainage Report for Meridian Ranch Filing No. 3” 

and shows flows of Q5 = 28 cfs, Q100 = 153 cfs while the Meridian Ranch MDDP shows a 100-year 

flow of 185 cfs. This larger flow of 185 cfs is used in the HEC-RAS model for downstream channel 

analysis and culvert design. As mentioned above in the Floodplain Statement section the natural 

channel along the west side of the site is a recognized FEMA floodplain. This channel in the Haegler 

Creek Basin drains south to Stapleton Drive where dual 4’ high x 8’ wide concrete box culverts route 

the water south in its natural path. 

 

Design Point EX1A consist of onsite Basin EXA’s 9.62 acres and offsite Basin OS-5’s 6.74 acres, 

which both consist of undeveloped open space prairie and the FEMA flood channel and the runoff 

from Design Point EX10A mentioned above travel in the channel south to the northern boundary of 
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our site. The combined flow from these upstream basins and onto our site is Q5 = 30 cfs, Q100 = 202 

cfs.  

 

Design Point EX1 consist of onsite Basin EXA’s 9.62 acres and offsite Basin OS-5’s 6.74 acres, 

which both consist of undeveloped open space prairie and the FEMA flood channel and the runoff 

from Design Point EX10A mentioned above travel in the channel south to the southern boundary of 

our site. The combined flow from these upstream basins and our onsite basins that contribute to the 

flow is Q5 = 33 cfs, Q100 = 219 cfs. This report does not analyze the flow coming from the adjacent 

Subdivision as the culverts were previously sized and installed in the approved Classic Consulting 

“Final Drainage Report for Waterbury Filing No. 1” dated September 2016. 

 

Design Point EX2 is a point at the southern boundary of Filing 1 where runoff (Q5 = 1 cfs, Q100 = 9 

cfs) from Basin EXB’s 4.09 acres of undeveloped prairie flow into Stapleton Road. 

 

Design Point EX3A consists of the runoff (Q5 = 0 cfs, Q100 = 1 cfs) from Basin OS-4’s 0.29 acres that  

is directed south onto the site and Basin EXC.  

 

Design Point EX3 consists of a shallow swale that leaves the site at the southeast boundary. Runoff 

(Q5 = 0 cfs, Q100 = 1 cfs) from Basin OS-4’s 0.29 acres is directed south onto Basin EXC. The runoff 

(Q5 = 7 cfs, Q100 = 45 cfs) form Basin EXC’s 24.80 acres is combined with the Basin’s OS-4. The 

combined runoff (Q5 = 7 cfs, Q100 = 45 cfs) is directed offsite and shortly later in the existing channel 

in the Geick Ranch Basin. 

 

Design Point EX4A is a point at the northern boundary of Filing 1 where runoff (Q5 = 0 cfs, Q100 = 2 

cfs) from Basin OS-3’s 1.11 acres of undeveloped prairie flows south onto the site and Basin EXD. 

 

Design Point EX4 is a point at the eastern boundary of Filing 1 where runoff (Q5 = 0 cfs, Q100 = 2 

cfs) from Basin OS-3’s 1.11 acres of undeveloped prairie flows south onto Basin EXD’s 15.87 acres 

(Q5 = 5 cfs, Q100 = 31 cfs). The combined flow (Q5 = 5 cfs, Q100 = 33 cfs) travels south and drains 

into the existing channel along the eastern boundary. 
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At Design Point EX10 an existing 30” CMP culvert (corresponds to DP10 in the FDR) that drains 

from north to south under Eastonville Road (Basin OS-8) onto the undeveloped open space north 

(Basin OS-2) of the proposed Filing 2 layout. The Meridian Ranch MDDP states the runoff is Q5 = 5 

cfs, Q100 = 11 cfs.  

 

Design Point EX5A consists of runoff (Q5 = 3 cfs, Q100 = 22 cfs) from Basin OS-2’s 11.40 acres and 

Design Point EX10 that is directed south onto Basin EXE at the northern boundary of the site. The 

combined runoff (Q5 = 8 cfs, Q100 = 33 cfs) of the 2 basins is directed onto the site and routed as 

described below. 

 

Design Point EX5 consists of a swale that leaves the site at the southeast boundary. Runoff (Q5 = 3 

cfs, Q100 = 22 cfs) from Basin OS-2’s 11.40 acres and Design Point EX10 is directed south onto Basin 

EXE. The runoff (Q5 = 2 cfs, Q100 = 14 cfs) from Basin EXE’s 5.83 acres is combined with Basin’s 

OS-2 & Design Point EX10. The combined runoff (Q5 = 10 cfs, Q100 = 44 cfs) of the 3 basins is 

directed offsite and into the existing channel in the Geick Ranch Basin. 

 

At Design Point EX9 (Basin OS-9) is an existing 30” culvert (corresponds to DP9 in the FDR) that 

routes the runoff (Q5 = 8 cfs, Q100 = 19 cfs) under Eastonville Road and onto the open space in Basin 

OS-1. The runoff (Q5 = 13 cfs, Q100 = 85 cfs) from Basin OS-1’s 45.02 acres is routed south via the 

existing channel located in the Geick Ranch Basin. An analysis found that this drainage channel is a 

jurisdictional water of the U.S. with associated jurisdictional wetland habitat. Basin EXF’s 1.62 acres 

is a small area consisting of open space prairies located at the northeast corner of the site. Runoff Q5 

= 1 cfs, Q100 = 4 cfs) from Basin EXF is directed onto Basin OS-1 along the eastern boundary at 

Design Point EX6.  

 

Design Point EX7 is a point in the channel that corresponds to the proposed Design Point 30. The 

combined flow of Basin OS-1, Design Points EX5, EX6, & EX9 at DP EX7 is Q5 = 31 cfs, Q100 = 

151 cfs). 

 

Design Point EX7A is a point in the eastern channel that lines up with the beginning of the Waterbury 

Filing 1 development. The combined flow of Basin OS-1 & EX9 at DP EX7 is Q5 = 21 cfs, Q100 = 
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104 cfs). 

 

Design Point 13 in this report corresponds to Design Point 13 in Classic Consulting’s previously 

approved “Final Drainage Report for Waterbury Filing 1” dated September 2016. Design Point 13 is 

an existing Stormwater Quality Pond 3 (SWQ Pond 3) that was an existing stock pond south of 

Stapleton Drive that has been converted to an EDB and treat 40.4 acres of 4-Way Ranch Filing No. 1 

from their Basins OS-5, OS-6, D, E, N 40% of L, 50% of O, Q & basins I, J & N of Waterbury Filing 

No. 1. The EDB was designed using a 4’ x 4’ outlet set at 6907.50 with an orifice plate with 1 column 

of 8-1/8” diameter holes spaced 4” apart. The forebay top is set at 6915.00 with the bottom at 6914.75. 

The required volume was calculated to be 0.66 ac-ft and the design volume shown is 1.20 ac-ft. The 

release out of the pond was calculated to be Q5 = 69 cfs, Q100 = 396 cfs (See Classic Consulting 

Drainage Map in Appendix). This online EDB is no longer considered a viable solution to treating 

for WQCV for Waterbury Filing 1 basins I, J & N. 

 

PROPOSED CONDITIONS 

The overall site will be developed in several Filings with each filing requiring its own final drainage 

report. The Proposed Major Basin Descriptions below is for Waterbury Filing 1 development and the 

preliminary layout of the future filings to the north tributary to the storm drain system and detention 

ponds in Filing 1. This future area is shown as fully developed to analyze the ultimate storm drain 

capacity and pond volumes.  In the section below labeled Hydrologic Analysis for Filing 1 FDR the 

interim condition will be discussed and how runoff is captured and routed safely to the proposed 

private EDB for Filing 1 construction. See the Proposed FDR Drainage Map in the appendix for a 

visual representation of the below Basin descriptions.  

 

As mentioned above groundwater can be encountered in some places as shallow as 6.5’. To mitigate 

this, dewatering will be used by the contractor during construction of the utilities and storm sewer, a 

6” active underdrain paralleling the sanitary sewer will collect groundwater and route it to an injection 

pit located in Tract I. Also, the PUD and GEC show where no basements will be allowed to be built 

due to high groundwater. 

 

Design Point 1 is a proposed public 10’ CDOT TYPE R sump inlet located in the west flowline of 

Saybrook drive just north of the roundabout. Basin A’s 3.39 acres consists of roadway and single-

Jeff Rice - EPC Engineering Review
Callout
verify capacity (previously called out as 8")
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family development. Runoff (Q5 = 5 cfs, Q100 = 12 cfs) sheet flows into street sections and then is 

routed south via c&g where the inlet captures all the flow.   

 

Design Point 2 is a proposed public 5’ CDOT TYPE R sump inlet located in the west flowline of 

Saybrook drive opposite of DP 1. Basin C’s 0.86 acres is comprised of roadway and single-family 

development. Runoff (Q5 = 2 cfs, Q100 = 4 cfs) drains overland to the street and then to the inlet where 

it is fully captured.  Pipe run 1 an 18” RCP routes the flow to a junction at DP 1. Pipe Run 2 a public 

24” RCP routes the combined flow (Q5 = 7 cfs, Q100 = 15 cfs) of DP 1 & 2 down Saybrook Road and 

then down Bayshore Drive over to manhole junction in Sandy Neck Way. 

 

Design Point 3 is a proposed public 5’ CDOT TYPE R sump inlet located in the east flowline of 

Sandy Neck Way. Basin B1’s 2.30 acres consists of roadway and single-family development. Runoff 

(Q5 = 4 cfs, Q100 = 8 cfs) is directed south to Design Point 3. The 5’ CDOT TYPE R sump inlet 

captures the entire flow. Pipe run 3 an 18” public RCP storm sewer routes the flow west to a manhole 

junction with Pipe run 4. 

 

Design Point 4 is a proposed public 10’ CDOT TYPE R sump inlet located in the west flowline of 

Sandy Neck Way opposite of DP 3. Basin B2’s 3.58 acres consists of roadway and single-family 

development. Runoff (Q5 = 6 cfs, Q100 = 13 cfs) is routed to Design Point 4. The 10’ CDOT TYPE R 

sump inlet captures the entire flow. Pipe run 4 a 18” public RCP storm sewer routes the flow west to 

a manhole junction with Pipe run 3. Pipe run 5 a 24” RCP routes the combined (Q5 = 9 cfs, Q100 = 21 

cfs) flow of Pipe runs 3 & 4 south down Sandy Neck Way to the manhole junction with Pipe run 2. 

Pipe run 6 a public 36” RCP then routes the combined (Q5 = 16 cfs, Q100 = 35 cfs) flow of Pipe runs 

2 & 5 south down Sandy Neck Way to a junction at Design Point 5. 

 

Design Point 5 is a proposed public 10’ CDOT TYPE R sump inlet located in the flowline of Sandy 

Neck Way cul-de-sac. Runoff (Q5 = 4 cfs, Q100 = 9 cfs) from Basin F’s 2.18 acres consisting of single-

family development is directed to the east flow line of Sandy Neck Way and then south to the cul-de-

sac bulb low point. Runoff (Q5 = 3 cfs, Q100 = 6 cfs) from Basin H’s 1.46 acres consisting of single-

family development is directed to the west flow line of Sandy Neck Way and then south to the cul-

de-sac bulb low point. The combined flow (Q5 = 7 cfs, Q100 = 16 cfs) at DP 5 is captured in the 10’ 
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CDOT TYPE R sump inlet and then is routed to the pond along with the flow from Pipe Run 6 via a 

proposed 36” public RCP storm sewer (Pipe run 7, Q5 = 22 cfs, Q100 = 48 cfs) to Design Point 8. If 

this inlet were blocked, runoff would overtop the curb and flow down the storm drain tract and into 

the proposed FSD Pond 1 (Design Point 8). 

 

Design Point 6 is a proposed public 5’ CDOT TYPE R sump inlet located in the west flowline of 

Saybrook Road. Runoff (Q5 = 4 cfs, Q100 = 8 cfs) from Basin D’s 2.11 acres consisting of single-

family development is directed to the low point in Saybrook Road where the entire flow is captured. 

It is then routed via a proposed 18” public RCP storm sewer (Pipe run 8) to a manhole junction with 

Pipe run 9.  

 

Design Point 7 is a proposed public 5’ CDOT TYPE R sump inlet located opposite of DP 6 in 

Saybrook Road. Runoff (Q5 = 4 cfs, Q100 = 8 cfs) from Basin E’s 2.18 acres consisting of roadway 

and single-family lots is directed via side lot line swales and C&G to the proposed inlet. The 5’ inlet 

captures all of the flow and Pipe run 9 a public 18” diameter RCP storm sewer routes the flow to a 

manhole junction at with Pipe run 8. The combined flows (Q5 = 7 cfs, Q100 = 16 cfs) of Pipe runs 8 

& 9 are routed south down Saybrook Road in Pipe run 10 a public 24’ diameter RCP to the proposed 

FSD Pond 1 Design (Design Point 8). 

 

Design Point 7A is a proposed public 5’ CDOT TYPE R at-grade inlet located in the east flowline of 

Saybrook Road at the south boundary. Runoff (Q5 = 1 cfs, Q100 = 3 cfs) from Basin G1’s 0.53 acres 

consisting of single-family development is directed to the at-grade inlet. The flow captured is Q5 = 1 

cfs, Q100 = 2 cfs, while the flow by is Q5 = 0 cfs, Q100 = 1 cfs. The captured flow is then routed via a 

proposed 18” public RCP elliptical storm sewer (Pipe run 10A) to a Design Point 7B. The flow by is 

routed into Stapleton Drive and the west into the channel via an asphalt rundown 

 

Design Point 7B is a proposed public 5’ CDOT TYPE R at-grade inlet located opposite of DP 7A in 

Saybrook Road. Runoff (Q5 = 2 cfs, Q100 = 4 cfs) from Basin G2’s 0.69 acres consisting of roadway 

and single-family lots is directed via side lot line swales and C&G to the proposed inlet. The flow 

captured is Q5 = 2 cfs, Q100 = 2 cfs, while the flow by is Q5 = 0 cfs, Q100 = 2 cfs. Pipe run 10B a public 

24” diameter RCP storm sewer routes the combined flows (Q5 = 9 cfs, Q100 = 20 cfs) of Pipe runs 10, 
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10A & Design Point 7B are routed west to the proposed FSD Pond 1 Design (Design Point 8). The 

flow by is routed into Stapleton Drive and the west into the channel via an asphalt rundown. 

 

Design Point 8 is a proposed private Full Spectrum Detention Basin called FSD Pond 1. Design Points 

1-7B are routed to the pond and treated for Water Quality and Detention along with Basin K’s 3.06 

acres consisting mainly of the EDB area and rear yards. Runoff (Q5 = 3 cfs, Q100 = 11 cfs) sheet flows 

into the EDB. The basins tributary to Design Point 8 are Basins A, B1, B2, C, D, E, F, G1, G2, H & 

K with a total area of 22.34 acres. The 100-year effective impervious area of 51.9% was calculated 

using UD-BMP Version 3.07 IRF spreadsheet. This information was entered into the UD-

Detention_v4.06spreadsheet and the calculation yielded a required a WQCV of 0.394 ac-ft, a EURV 

of 0.957 ac-ft and a 100-year total required volume of 2.127 ac-ft. The top of pond is set at 6930.00, 

with the bottom of pond at 6923.50. The pipes and swales to the pond discharge into two concrete 

forebays (3% WQCV see calcs in appendix) with 18” high walls and a 3” notch to release minor flows 

into 2’ wide concrete tickle channel. The trickle channel directs runoff to the proposed concrete 

micro-pool at the surcharge elevation of 6923.83. The bottom of the micro-pool is set at 6921.00 and 

the top set at 6923.50. A proposed 4’ x 4’ grate set at 6927.10 on top of a concrete outlet box, an 

outlet plate on the front to meet the 3-orifice requirement and an 24” outlet pipe with no restrictor 

will route all runoff from the pond. The metal plate will have 1 column containing 3 rows of 2” 

diameter orifice holes spaced 13.80” apart starting at 6923.50. The WQCV release is 0.20 cfs with a 

ponding elevation of 6925.29 and takes 40 hours to release. The EURV release is 0.5 cfs, with an 

elevation of 6926.94 and takes 73 hours to release. The 100-year detention release is 14.6 cfs, with 

an elevation of 6927.77 and takes 78 hours to release. A 30’ long riprap emergency spillway set at 

6928.00 will allow the 100-year developed peak in flow (Q100= 59.9 cfs) with a depth of 0.72’ (top 

of water = 6928.72) to be routed west into the natural channel. 1.00’ freeboard is provided (see 

appendix for all pond calcs). The spillway and downhill slope will be armored with d50= L 9” soil 

riprap buried 18” deep and a concrete cutoff wall. Pipe Run 10C a private 24” RCP will route the 

pond release into the existing natural channel. (See Pond Calculations in appendix).  

 

El Paso County is in coordination with 2 consultants HR Green and Stanley Consultants Inc. to widen 

Eastonville Road and add a Roundabout at the intersection of Londonderry.  With these public 

improvements new storm sewer inlets and pipes will route the runoff from Eastonville and the 
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previous culverts to the required detention and water quality ponds. The design shows 1 Full Spectrum 

Detention Pond and 1 Water Quality Pond. The timing of these projects is ahead of Waterbury’s 

schedule and therefore we are assuming these improvements will be installed prior to our 

development and are shown as existing in our developed condition. The 2 drainage reports “Final 

Drainage Report Eastonville Road Corridor – Phase 1 El Paso County” submitted November 2024, 

prepared by Stanley consultants and “Eastonville Road – Londonderry Drive to Rex Road Segment 

1 Improvements Final Drainage Report” submitted October 2024, prepared by HR Greene 

for the projects are referenced for the flow entering our site. 

 

Design Point 9 is an existing 30” RCP culvert under Eastonville Road where Offsite Basin OS-9 

discharges onto offsite Basin OS-2. Per the Eastonville Road – Londonderry Drive to Rex Road 

Segment 1 Improvements Final Drainage Report runoff (Q5 = 3.6 cfs, Q100 = 24.2 cfs, see Design 

Point 3 summary from aforementioned report) from Basin OS-9’s 12.33 acres is routed south under 

Eastonville Road in the existing 30” RCP culvert (Pipe run 41) to an existing channel. In Waterbury’s 

design a manhole junction will combine this flow and the flow from the release of water quality pond 

at DP 9A.  

 

Design Point 9A is an existing public Water Quality Pond. Runoff (Q5 = 4 cfs, Q100 = 7 cfs) to the 

WQ pond was taken from the Eastonville Road – Londonderry Drive to Rex Road Segment 1 

Improvements Final Drainage Report (Pond SFB A). The release rate from the pond (Q5 = 0.06 cfs, 

Q100 = 1 cfs) is routed to the same channel via an 18” pipe. The Waterbury design will extend this 

18” RCP (Pipe run 42) to the manhole junction with Pipe run 41. The combined flow (Q5 = 4 cfs, 

Q100 = 25 cfs) from Pipe runs 41 & 42 is routed via Pipe run 43 a public 24” RCP to a manhole 

junction with Pipe run 44 in a future public ROW. 

 

Design Point 10 is an existing Full Spectrum Detention Pond Runoff (Q5 = 5 cfs, Q100 = 12 cfs) to the 

WQ pond was taken from the Final Drainage Report Eastonville Road Corridor – Phase 1 El Paso 

County (Pond E). The release rate from the pond (Q5 = 0.3 cfs, Q100 = 5 cfs) is routed to an existing 

channel via an 18” pipe. The Waterbury design will reroute this 18” RCP (Pipe run 44) to the manhole 

junction with Pipe run 43 in a future public ROW. The combined flow (Q5 = 5 cfs, Q100 = 30 cfs) 

from Pipe runs 43 & 44 is routed via Pipe run 45 a public 30” RCP downstream and discharged into 
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the same existing channel This is shown as OS-8 on the Proposed Drainage Map. 

 

Swale E-E is a temporary 4’ wide, 2’ deep trapezoidal swale designed to catch runoff in the interim 

condition prior to the upstream development of the future Waterbury Filings just north of Filing 1. 

This swale will capture the combined undeveloped overland runoff (Q5 = 8 cfs, Q100 = 33 cfs) from 

Existing Basins OS-2 & OS-8. The runoff is routed east along the northern boundary to the existing 

eastern channel and released onto a Type VL d50=6" riprap pad 16' Wide x 20' long with a bury depth 

= 1'. This swale will remain in place to protect the downstream Lots 113-118 until the future 

Waterbury is developed. 

 

Design Point 10A is where existing 3-42” RCP culverts from the temporary Meridian Ranch Pond 

cross under Eastonville Road per the “Preliminary/Final Drainage Report for Meridian Ranch Filing 

No. 3” and shows flows of Q5 = 28 cfs, Q100 = 153 cfs while the Meridian Ranch MDDP shows a 

100-year flow of 185 cfs. The pipes discharge onto Offsite Basin OS-5. Offsite Basin OS-5’s 5.64 

acres consists of future Waterbury rear lots, open space and the natural channel. Runoff (Q5 = 10 cfs, 

Q100 = 23 cfs) from OS-5 sheet flows to the channel. The flow is then routed south to Design Point 

11. 

 

Design Point 13 in this report corresponds to Design Point 13 in Classic Consulting’s previously 

approved “Final Drainage Report for Waterbury Filing 1” dated September 2016. Design Point 13 is 

an existing Stormwater Quality Pond 3 (SWQ Pond 3) that was an existing stock pond south of 

Stapleton Drive that has been converted to an EDB and treat 40.4 acres of 4-Way Ranch Filing No. 1 

from their Basins OS-5, OS-6, D, E, N 40% of L, 50% of O, Q & basins I, J & N of Waterbury Filing 

No. 1. The EDB was designed using a 4’ x 4’ outlet set at 6907.50 with an orifice plate with 1 column 

of 8-1/8” diameter holes spaced 4” apart. The forebay top is set at 6915.00 with the bottom at 6914.75. 

The required volume was calculated to be 0.66 ac-ft and the design volume shown is 1.20 ac-ft. The 

release out of the pond was calculated to be Q5 = 69 cfs, Q100 = 396 cfs (See Classic Consulting 

Drainage Map in Appendix). This online EDB is no longer considered a viable solution to treating 

for WQCV for Waterbury Filing 1 basins I, J & N. 

 

Design Point 11 is a proposed crossing under the proposed continuation of Gilbert Drive with dual 
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42” RCP culverts. Basin I’s 4.97 acres consists of rear lots of 131-137, & 150-162 and the natural 

channel. Runoff (Q5 = 4 cfs, Q100 = 16 cfs) sheet flows to the channel and is directed south to Design 

Points 11.  As mentioned above Kiowas Engineering did a HEC-RAS analysis modeling developed 

flows along the channel. Tera Nova Engineering has done a new HEC-RAS analysis modeling 

developed flows. This information can be found under the Hydraulic analysis section below. The 

combined flow of Design Point 10A along with Basins OS-5 and I is Q5 = 34 cfs, Q100 = 216 cfs. This 

flow is routed south under Gilbert drive and onto Basin J. Basin I’s runoff as mentioned above was 

intended to be treated downstream in the existing EDB at Design Point 13. This online EDB is no 

longer considered a viable solution for treating for WQCV due to new regulations. Basin I’s rear 20’ 

of several lots consists of the rear setback where no structure can be built with this restriction the 

entire acreage consists of undeveloped pervious area. Therefore, this Basin is listed as excluded from 

Water Quality per the exclusion in ECM Appendix I.7.1.B.7 - Sites with Land Disturbance to 

Undeveloped Land that will Remain Undeveloped. 

 

 Design Point 12 is a proposed 18” RCP culvert under Gilbert Drive that routes the runoff (Q5 = 2 cfs, 

Q100 = 4 cfs) from offsite Basin OS-6’s 1.06 acres that is comprised of the eastern half of Thatcher 

Court located in 4-Way Ranch Filing 1 to the existing natural channel. 

 

Basin J’s 1.44 acres is comprised of the 20’ of rear lots of 156-162 and the existing channel along the 

west boundary. Runoff (Q5 = 3 cfs, Q100 = 6 cfs) sheet flows into the channel and then is routed south 

to Design Point 13, an on-line existing stock pond that was converted to an EDB to provide water 

quality for part of 4-Way Ranch Filing No. 1 and Waterbury Basins I, J & N. As mentioned above 

this online EDB is no longer considered a viable solution for treating for WQCV. Basin I’s rear 20’ 

of several lots consists of the rear setback where no structure can be built with this restriction the 

entire acreage consists of undeveloped pervious area. Therefore, this Basin is listed as excluded from 

Water Quality per the exclusion in ECM Appendix I.7.1.B.7 - Sites with Land Disturbance to 

Undeveloped Land that will Remain Undeveloped . 

 

Design Point 11A is a point at the south end of the property used to show the total flow in the west 

channel. The total runoff (Q5 = 37 cfs, Q100 = 222 cfs) from Basin J’s area and Design Point 11 is 

used in modeling analysis of the stream in Hydraulic section below.  
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Basin N’s 0.22 acres is comprised of the proposed extension of Gilbert Road form 4-Way Ranch into 

Waterbury. Runoff (Q5 = 1 cfs, Q100 = 1 cfs) sheet flows into the channel and then is routed south to 

Design Point 13, an on-line existing stock pond that is being converted to an EDB to provide water 

quality for part of 4-Way Ranch Filing No. 1 and Waterbury Basins I, J & N. Once again, this online 

EDB is no longer considered a viable solution to treating for WQCV. Therefore, the UD-BMP 

Version 3.07 Runoff Reduction was used to show that this area can be treated using Runoff Reduction. 

The results show that we have a 100% WQCV reduction for Basin N. A Drainage Easement will need 

to be placed over these areas on the Final Plat with the note “No lots shall have any impervious 

improvements constructed within the rear setback (i.e. patios, hardscape, recreational facilities, etc.) 

for Lots 40-42, 156, & Tract C”. The area will be vegetated with the final GEC plan. The Preliminary 

Plan/PUD also places impervious restrictions on this Basin area and the O and M manual also lists 

how to maintain this space. This acreage of 0.35 is within the allowable limits. 

 

In the previously approved “Final Drainage Report for Waterbury Filing No. 1” by Classic Consulting 

it was stated that there were 3 Stormwater Quality Ponds that needed to be provided for the adjacent 

4-Way Ranch per conditions set forth by the Board of County Commissioners at approval of the 

Waterbury PUD Development Plan. Because there have been no changes to the tributary areas to 

these 3 Ponds and they have already been designed and constructed. The original approved 

calculations and results can be found in the appendix of the original report by Classic Consulting 

(EPC Review No. SF-13-012) along with the Basin Exhibit Map.  

 

Basin M1’s 0.99 acres is comprised of the rear yards of lots 35-39 & open space tract along Stapleton 

Drive along. Runoff (Q5 = 2 cfs, Q100 = 4 cfs) sheet flows over the 20’ back yard setback and open 

space tract onto Stapleton Drive and then is routed east via curb & gutter to an existing storm drain 

system from here it is routed to the eastern channel located in the Geick Ranch Basin. Basin M1 

contains the rear 20’ of several lots which consists of the rear setback where no structure can be built. 

The entire acreage consists of undeveloped pervious area. Therefore, this Basin is listed as excluded 

from Water Quality per the exclusion in ECM Appendix I.7.1.B.7 - Sites with Land Disturbance to 

Undeveloped Land that will Remain Undeveloped.  
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Basin M2’s 0.35 acres is comprised of the rear yards of lots 40-42 adjacent to undeveloped land east 

of the site.  Runoff (Q5 = 1 cfs, Q100 = 2 cfs) sheet flows from the back yard onto the undeveloped 

land. This rear lot area is not treated for water quality but is pervious area. The UD-BMP Version 

3.07 Runoff Reduction was used to show that this area has 100% WQCV reduction based upon the 

Unconnected Impervious Area being routed over the Receiving Pervious Area. Only developed land 

in Basin M2 is the rear 40’ which 20’ of that consists of the rear setback where no structure can be 

built. A Drainage Easement will need to be placed over these areas on the Final Plat with the note 

“No lots shall have any impervious improvements constructed within the rear setback (i.e. patios, 

hardscape, recreational facilities, etc.) for Lots 40-42, 156, & Tract C”. The area will be vegetated 

with the final GEC plan. The Preliminary Plan/PUD also places impervious restrictions on this Basin 

area and the O and M manual also lists how to maintain this space. This acreage of 0.35 is within the 

allowable limits. 

 

Basin P’s 0.70 acres is comprised of open space Tract I adjacent to undeveloped land east of the site.  

Runoff (Q5 = 0 cfs, Q100 = 2 cfs) sheet flows from the open space onto the undeveloped land. The 

entire acreage consists of undeveloped pervious area. Therefore, this Basin is listed as excluded from 

Water Quality per the exclusion in ECM Appendix I.7.1.B.7 - Sites with Land Disturbance to 

Undeveloped Land that will Remain Undeveloped.  

 

Design Point 14 is a low point in the knuckle of Beech Creek Drive with a proposed public 10’ CDOT 

TYPE R sump inlet. Runoff (Q5 = 6 cfs, Q100 = 13 cfs) from Basin L1’s 3.79 acres consisting of 

roadway and single-family lots is directed via side lot line swales and C&G to the proposed inlet. The 

10’ inlet captures all of the flow and Pipe run 11 a public 24” diameter RCP storm sewer routes the 

flow to a manhole junction with Pipe run 12.  

 

Design Point 15 is a proposed public 5’ CDOT TYPE R sump inlet opposite of DP 14 in Beech Creek 

Drive Runoff (Q5 = 3 cfs, Q100 = 7 cfs) from Basin L2’s 2.00 acres consisting of roadway and single-

family lots is directed via side lot line swales and C&G to the proposed inlet. The 5’ inlet captures all 

of the flow and Pipe run 12 a public 18” diameter RCP storm sewer routes the flow to a manhole 

junction with Pipe run 11. Pipe run 13 a 30” RCP routes the combined flow (Q5 = 9 cfs, Q100 = 19 

cfs) of Pipe Runs 11 & 12 north in Beech Creek Drive to a manhole junction with Pipe run 14. 
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Design Point 16 is a proposed public 5’ CDOT TYPE R sump inlet located in the proposed western 

half of the private street of Beech Creek Drive. Runoff (Q5 = 5 cfs, Q100 = 10 cfs) from Basin O1’s 

2.82 acres consisting of roadway and single-family lots is directed via side lot line swales and C&G 

to the proposed inlet. The 5’ inlet captures all of the flow and Pipe run 14 a public 24” diameter RCP 

storm sewer routes the flow to a manhole junction with Pipe run 13. Pipe run 15 a 36” RCP routes 

the combined flow (Q5 = 13 cfs, Q100 = 29 cfs) of Pipe Runs 13 & 14 west to a manhole junction with 

Pipe run 16. 

 

Design Point 17 is a proposed public 5’ CDOT TYPE R sump inlet located opposite of DP 16 in 

Beech Creek Drive. Runoff (Q5 = 1 cfs, Q100 = 2 cfs) from Basin O2’s 0.71 acres consisting of 

roadway, parking, roof and landscape area sheet flows to the east flowline of Beech Creek Drive and 

to the proposed inlet. After all the flow is captured by the inlet Pipe run 16 routes the runoff to a 

junction with Pipe run 15. Pipe run 17 routes the combined flows (Q5 = 15 cfs, Q100 = 34 cfs) of Pipe 

runs 15, 16, 39 & 40 and is routed west offsite via a private 36” diameter RCP to Design Point 18 a 

proposed private temporary EDB (FSD Pond 2) to be in place until future final design of a pond 

accommodates the future Waterbury development tributary to this pond.  The alignment and outlet of 

the proposed 36” pipe along with the concrete forebay are to remain as is when the permanent FSD 

pond is revised and enlarged to accommodate the future development. In the future design permanent 

trickle channels, additional forebays, micro pools, outlet structures, berms and the emergency 

overflow weir will be designed built to be permanent. 

 

Design Point 33 consists of 4-18” diameter area inlets located at the rear lot line in the downhill side 

yard swale. A 1’ high berm along the back of Lots 46-49 in Basin O3’s 0.45 acres will keep runoff 

(Q5 = 1 cfs, Q100 = 3 cfs) from back yards and rear lot downspouts from sheet flowing into the existing 

wetlands untreated. Each area inlet can capture 1.40 cfs based upon a head of 0.25’. Therefore the 4 

inlets can capture all of the flow. Pipe run 39 a 12” HDPE will route the captured flow to pipe run 17. 

 

Design Point 34 consists of 3-18” diameter area inlets located at the rear lot line in the downhill side 

yard swale. A 1’ high berm along the back of Lots 43-45 in Basin O4’s 0.38 acres will keep runoff 

(Q5 = 1 cfs, Q100 = 2 cfs) from back yards and rear lot downspouts from sheet flowing into the existing 
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wetlands untreated. Each area inlet can capture 1.40 cfs based upon a head of 0.25’. Therefore the 3 

inlets can capture all of the flow. Pipe run 40 a 12” HDPE will route the captured flow to pipe run 17. 

 

Design Point 18 is a proposed temporary private Full Spectrum Detention Basin called FSD Pond 2. 

This pond will be reevaluated and resized when future filings to the east and north are final designed. 

There are no set time frames at this time to when the final design of the permanent pond will happen 

but at that time the alignment and outlet of the proposed 36” pipe (Pipe Run 17) along with the 

concrete forebay are to remain as is when the permanent FSD pond is revised and enlarged to 

accommodate the future development. In the future design permanent trickle channels, additional 

forebays, micro pools, outlet structures, berms and the emergency overflow weir will be redesigned 

and updated as permanent. In the time being Design Points 14-17 are routed to the pond and treated 

for Water Quality and Detention along with the Basin OS-4’s 10.90 acres consisting of the EDB area 

and undeveloped upstream tributary area. Runoff (Q5 = 2 cfs, Q100 = 16 cfs) from Basin OS-4 sheet 

flows into the EDB. The basins tributary to Design Point 18 are L1, L2, O1, O2 and OS-4 with a total 

area of 21.05 acres. The 100-year effective impervious area of 25.76% was calculated using UD-BMP 

Version 3.07 IRF spreadsheet. This information was entered into the UD-Detention_v4.06spreadsheet 

and the calculation yielded a required a WQCV of 0.241 ac-ft, a EURV of 0.278 ac-ft and a 100-year 

detention total required volume of 1.026 ac-ft. The top of pond is set at 6906.00, with a bottom of 

pond at 6899.00. The pipes and swales to the pond discharge into a concrete forebay (3% WQCV see 

calcs in appendix) with 18” high walls and a 3” notch to release minor flows into 2’ wide concrete 

tickle channel. The trickle channel directs runoff to the proposed concrete micro-pool at the surcharge 

elevation of 6899.33. The bottom of the micro-pool is set at 6896.50 and the top set at 6899.00. A 

proposed 4’ x 4’ grate set at 6902.10 on top of a concrete outlet box, an outlet plate on the front to 

meet the 3-orifice requirement and an 18” outlet pipe with no restrictor plate will route all runoff from 

the pond.  The metal plate will have 1 column containing 3 rows of 1-1/4” diameter orifice holes 

spaced 12.4” apart starting at 6899.00. The WQCV release is 0.10 cfs with a ponding elevation of 

6901.21 and takes 40 hours to release. The EURV release is 0.2 cfs, with an elevation of 6902.09 and 

takes 60 hours to release. The 100-year detention release is 14.8 cfs, with an elevation of 6902.78 and 

takes 60 hours to release. A 20’ long riprap emergency spillway set at 6904.00 will allow the 100-

year developed peak in flow (Q100= 29.30 cfs) with a depth of 0.58’ (top of water = 6904.58) to be 

routed west into the natural channel. 1.00’ freeboard is provided (see appendix). The spillway and 
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downhill slope will be armored with d50= VL 6” soil riprap buried 12” deep and a concrete cutoff 

wall. Pipe Run 17A a private 18” RCP will route the pond release into the existing natural channel. 

(See Pond Calculations in appendix). When future filings are developed this temporary Pond 2 will 

be replaced with a permanent Pond as shown in the “Conceptual Drainage Report for Waterbury PUD 

Plan” prepared by Classic Consulting and dated November 2012. 

 

Design Point 19 is a proposed 10’ CDOT TYPE R sump inlet located in the south curb of Muddy 

Pond Street. Runoff (Q5 = 8 cfs, Q100 = 16 cfs) from Basin OS-Q1’s 4.31 acres consists of future 

single-family development and will be directed via lot line swales and c&g onto Basin Q1. Runoff 

(Q5 = 3 cfs, Q100 = 6 cfs) from Basin Q1’s 1.46 acres is directed to the 10’ inlet. The combined flow 

(Q5 = 8 cfs, Q100 = 16 cfs) is fully captured in the inlet and Pipe run 18 a 24” RCP diameter storm 

routes the flows to a manhole junction with Pipe run 19.   

 

Design Point 20 is a proposed 5’ CDOT TYPE R sump inlet located opposite of DP 19. Runoff (Q5 

= 2 cfs, Q100 = 4 cfs) from Basin OS-Q2’s 0.96 acres consists of future single-family development 

and will be directed via lot line swales and c&g onto Basin Q2. Runoff (Q5 = 2 cfs, Q100 = 4 cfs) from 

Basin Q2’s 0.96 acres is directed to the 5’ inlet. The combined flow (Q5 = 3 cfs, Q100 = 7 cfs) is fully 

captured in the inlet and Pipe run 19 an 18” RCP diameter storm routes the flows to a manhole 

junction with Pipe run 18.  Pipe Run 20 a 24” RCP storm routes the combined flow (Q5 = 10 cfs, Q100 

= 22 cfs) of Pipe runs 19 & 20 east down Muddy Pond Street to a manhole junction with Pipe run 21. 

 

Design Point 21 is a proposed 10’ CDOT TYPE R at-grade inlet located in the north curb of Muddy 

Pond Street just east of Masonboro Way intersection. Runoff (Q5 = 11 cfs, Q100 = 24 cfs) from Basin 

OS-R’s 6.05 acres consists of future single-family development and will be directed via lot line swales 

and c&g onto Basin R. Runoff (Q5 = 2 cfs, Q100 = 4 cfs) from Basin R’s 1.02 acres is directed to the 

10’ inlet. The combined flow (Q5 = 12 cfs, Q100 = 28 cfs) is routed to the inlet at Design Point 21 and 

Q5 = 7 cfs, Q100 = 11 cfs is captured by the at-grad inlet. The bypass flow (Q5 = 5 cfs, Q100 = 17 cfs) 

at DP 21 travels in the north flow line of Muddy Pond Street to Design Point 22. Pipe run 21 an 18” 

RCP diameter storm routes the captured flow to a manhole junction with Pipe run 20.  Pipe run 22 

routes the combined flow (Q5 = 18 cfs, Q100 = 36 cfs) of Pipe runs 20 & 21 east down Muddy Pond 

Street to a manhole junction with Pipe run 25. The bypass flow (Q5 = 5 cfs, Q100 = 17 cfs) at DP 21 
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travels in the north flow line of Muddy Pond Street to Design Point 22. 

 

Design Point 22 is a proposed 15’ CDOT TYPE R sump inlet located in the west curb of Megansett 

Way. Runoff (Q5 = 8 cfs, Q100 = 18 cfs) from Basin OS-S1’s 5.59 acres consists of future single-

family development and will be directed via lot line swales and c&g onto Basin S1. Runoff (Q5 = 3 

cfs, Q100 = 7 cfs) from Basin S1’s 1.55 acres is directed to the 10’ inlet. The combined flow (Q5 = 15 

cfs, Q100 = 38 cfs) of Basins OS-S1, S1 & the bypass flow from DP 21 is routed to the low point.  

 

Design Point 23 is a proposed 15’ CDOT TYPE R sump inlet located opposite of DP 22. Runoff (Q5 

= 0 cfs, Q100 = 1 cfs) from Basin OS-S2’s 0.17 acres consists of future single-family development and 

will be directed via lot line swales and c&g onto Basin S2. Runoff (Q5 = 0 cfs, Q100 = 1 cfs) from 

Basin S2’s 0.13 acres is directed to the 10’ inlet. The combined flow at DP 23 is Q5 = 1 cfs, Q100 = 1 

cfs. It is presumed that the combined flow (Q5 = 16 cfs, Q100 = 39 cfs) at DP 22 & 23 is evenly split 

between the 2-15’ CDOT TYPE R sump inlets.  Pipe run 23 a 24” RCP diameter storm routes the 

flow (Q5 = 8 cfs, Q100 = 19 cfs) from the inlet at DP 22 to a manhole junction with Pipe run 24.  Pipe 

Run 24 a 24” RCP storm routes the flow (Q5 = 8 cfs, Q100 = 19 cfs) to the manhole junction with Pipe 

run 23. Pipe Run 25 a 36” RCP routes the combined flow (Q5 = 15 cfs, Q100 = 39 cfs) of Pipe runs 23 

& 24 south to a manhole junction with Pipe run 22 in Muddy Pond Street. Pipe run 26 a 36” RCP 

then routes the combined flow (Q5 = 31 cfs, Q100 = 63 cfs) of Pipe runs 22 & 25 east in Muddy Pond 

to a manhole junction with Pipe runs 27 & 28. 

 

Design Point 24 is a proposed 5’ CDOT TYPE R sump inlet located in the south curb of Muddy Pond 

Street. Runoff (Q5 = 3 cfs, Q100 = 6 cfs) from Basin T1’s 1.42 acres consists of single-family 

development and will be directed via lot line swales and c&g to the 5’ inlet. Pipe run 27 an 18” RCP 

diameter storm routes the fully captured flow from the inlet to a manhole junction with Pipe runs 26 

& 28. 

 

Design Point 25 is a proposed 5’ CDOT TYPE R sump inlet located opposite of DP 24. Runoff (Q5 

= 1 cfs, Q100 = 3 cfs) from Basin OS-T2’s 0.76 acres consists of future single-family development 

and will be directed via lot line swales and c&g onto Basin T2. Runoff (Q5 = 2 cfs, Q100 = 5 cfs) from 

Basin T2’s 1.23 acres is directed to the 5’ inlet. The combined flow at DP 25 is Q5 = 3 cfs, Q100 = 7 
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cfs. Pipe run 28 an 18” RCP diameter storm routes the fully captured flow from the inlet to a manhole 

junction with Pipe runs 26 & 27. Pipe run 29 a 42” RCP then routes the combined flow (Q5 = 36 cfs, 

Q100 = 78 cfs) of Pipe runs 26, 27 & 28 east in Muddy Pond Street and then south down Fish Camp 

Circle to a manhole junction with Pipe run 30. 

 

Design Point 26 is a proposed 10’ CDOT TYPE R sump inlet located in the west curb of Fish Camp 

Circle near the Knuckle. Runoff (Q5 = 7 cfs, Q100 = 16 cfs) from Basin U1’s 4.38 acres consists of 

single-family development and will be directed via lot line swales and c&g to the 10’ inlet. Pipe run 

30 a 24” RCP diameter storm routes the fully captured flow from the inlet to a manhole junction with 

Pipe run 29. Pipe run 31 a 42” RCP transports the combined flow (Q5 = 41 cfs, Q100 = 91 cfs) of Pipe 

runs 29 & 30. 

 

Design Point 27 is a proposed 5’ CDOT TYPE R sump inlet located opposite of DP 26. Runoff (Q5 

= 3 cfs, Q100 = 7 cfs) from Basin U2’s 1.89 acres consists of future single-family development and 

will be directed via lot line swales to the 5’ inlet. Pipe run 32 an 18” RCP diameter storm routes the 

fully captured flow from the inlet to a manhole junction with Pipe runs 31.  

 

Design Point 31 consists of 3-18” diameter area inlets located at the rear lot line in the downhill side 

yard swale. A 1’ high berm along the back of Lots 90-92 in Basin V’s 0.54 acres will keep runoff (Q5 

= 1 cfs, Q100 = 3 cfs) from back yards and rear lot downspouts from sheet flowing into the existing 

wetlands untreated. Each area inlet can capture 1.40 cfs based upon a head of 0.25’. Therefore the 3 

inlets can capture all of the flow. Pipe run 37 a 12” HDPE will route the captured flow to pipe run 33. 

Pipe run 33 a 42” RCP then routes the combined flow (Q5 = 44 cfs, Q100 = 98 cfs) of Pipe runs 31, 32 

& 37 east through a Drainage Tract to FSD Pond 3. 

 

Design Point 32 consists of 2-18” diameter area inlets located at the rear lot line in the downhill side 

yard swale. A 1’ high berm along the back of Lots 88-89 in Basin X’s 0.43 acres will keep runoff (Q5 

= 1 cfs, Q100 = 2 cfs) from back yards and rear lot downspouts from sheet flowing into the existing 

wetlands untreated. Each area inlet can capture 1.40 cfs based upon a head of 0.25’. Therefore the 2 

inlets can capture all of the flow. Pipe run 38 a 12” HDPE will route the fully captured flow to the 

north inlet at Design Point 28.  
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Design Point 28 are 2 proposed 10’ CDOT TYPE R sump inlets located in the north and south curb 

of Sunken Meadow Road. These inlets are offsite in a future phase and will be built within a proposed 

drainage easement. The offsite curb and gutter in this area will also need to be built along with some 

asphalt to direct runoff to the 10’ inlet. Runoff (Q5 = 3 cfs, Q100 = 5 cfs) from Basin OS-W’s 0.57 

acres is directed onto basin w. runoff (Q5 = 10 cfs, Q100 = 21 cfs) from Basin W’s 5.20 acres is 

combined with Basin OS-W’s and assumed to be evenly split between the 2-10’ inlets and fully 

captured by them. Pipe run 34 a 24” RCP routes the captured runoff (Q5 = 5 cfs, Q100 = 11 cfs) from 

the south inlet to the north inlet. Pipe run 34A a 30” RCP routes the combined flow (Q5 = 11 cfs, Q100 

= 24 cfs) from Pipe run 34 Design Points 32, described above via Pipe run 34A a 30” RCP. 

 

Basin Y’s 0.35 acres is comprised of undeveloped open space Tracts adjacent to the existing natural 

channel along the east side of the site.  Runoff (Q5 = 1 cfs, Q100 = 2 cfs) from Basin Y sheet flows 

east into the channel. The entire acreage consists of undeveloped pervious area. Therefore, this Basin 

is listed as excluded from Water Quality per the exclusion in ECM Appendix I.7.1.B.7 - Sites with 

Land Disturbance to Undeveloped Land that will Remain Undeveloped and I.7.1.C.1.a – Less than 1 

acres of developed roadway area. 

 

The following Basins are for future Waterbury Filings to the north and east that will be tributary to 

FSD Pond 3. All the basin descriptions are the same, they are comprised of future single-family 

development and will be directed via lot line swales and c&g to future storm drain systems the future 

drain systems will be routed to FSD Pond 3. The exact routes and design have not been finalized at 

this time but will be with a future Final Drainage Report at the time of development. Below is the 

summary of the flow and acreage. 

 

Basin OS-1: 11.81 acres, Runoff (Q5 = 18 cfs, Q100 = 41 cfs)  

Basin OS-2: 11.53 acres Runoff (Q5 = 16 cfs, Q100 = 36 cfs)  

Basin OS-3A: 0.79 acres Runoff (Q5 = 1 cfs, Q100 = 3 cfs)  

Basin OS-3B: 5.66 acres Runoff (Q5 = 9 cfs, Q100 = 20 cfs)  

 

Design Point 29 is a proposed private Full Spectrum Detention Basin called FSD Pond 3. basins Q1, 
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Q2, R, S1, S2, T1, T2, U1, U2, V, 2, X, and Offsite Basins OS-1, OS-2, OS-3A, OS-3B, OS-S1, OS-

S2, OS-T2, OS-R, OS-Q1, OS-Q1, and OS-W, along with Basin OS-7’s 3.75 acres consisting of the 

EDB area. Combined runoff (Q5=111 cfs, Q100=270 cfs) sheet flows into the EDB with a total area of 

72.14 acres routed to the pond and treated for Water Quality and Detention. The 100-year effective 

impervious area of 53.95% was calculated using UD-BMP Version 3.07 IRF spreadsheet. This 

information was entered into the UD-Detention_v4.06 spreadsheet and the calculation yielded a 

required a WQCV of 1.307 ac-ft, a EURV of 3.278 ac-ft and a 100-year total required detention 

volume of 7.144 ac-ft. The top of pond is set at 6930.00, with a bottom of pond at 6922.00. The pipes 

and swales to the pond discharge into a concrete forebay (3% WQCV see calcs in appendix) with 30” 

high walls and a 5” notch to release minor flows into 3’ wide concrete tickle channel. The trickle 

channel directs runoff to the proposed concrete micro-pool at the surcharge elevation of 6922.33. The 

bottom of the micro-pool is set at 6919.50 and the top set at 6922.00. A proposed 12’ x 6’ grate set at 

6927.05 on top of a concrete outlet box, an outlet plate on the front to meet the 3-orifice requirement 

and a 36” outlet pipe with no restrictor plate will route all runoff from the pond. The metal plate will 

have 1 column containing 3 rows of orifice holes spaced 20.16.” apart starting at 6922.00. The first 

hole is 3.5” W x 2” H, the second one is 4.25” W x 2” H, and the third one is 4.5” W x 2” H. The 

WQCV release is 0.7 cfs with a ponding elevation of 6924.81 and takes 40 hours to release. The 

EURV release is 1.4 cfs, with an elevation of 6926.76 and takes 77 hours to release. The 100-year 

detention release is 37.7 cfs, with an elevation of 6927.80 and takes 85 hours to release. An 64’ long 

riprap emergency spillway set at 69287.80 will allow the 100-year developed peak in flow (Q100= 

269.0 cfs) with a depth of 1.2’ (top of water = 6929.00) to be routed west into the natural channel. 

1.00’ freeboard is provided (see appendix). The spillway and downhill slope will be armored with 

d50= L 9” soil riprap buried 18” deep and a concrete cutoff wall. Pipe Run 35 a private 36” RCP will 

route the pond release into the existing natural channel. (See Pond Calculations in appendix). 

 

Design Point 30 is a triple 36” RCP culvert crossing under Sunken Meadow Road. Offsite Basin OS-

10’s 3.41 acres consists of open space containing the natural channel. Runoff (Q5 = 1 cfs, Q100 = 8 

cfs) is directed south through the wetlands to the culverts. Runoff (Q5 = 4 cfs, Q100 = 30 cfs) from the 

Pipe run 45 that is discharged into the channel and runoff (Q5 = 1 cfs, Q100 = 2 cfs) from Basin Y’s 

0.35 acres that sheet flow offsite on Basin OS-10 are combined for a flow of Q5 = 6 cfs, Q100 = 39 cfs 

at DP 30 does not warrant the triple 36” RCP culverts alone but in case of failure in the Pond 3 outlet 
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runoff from the emergency spillway (Q100 = 268.3 cfs) will be safely routed through the triple 36” 

RCP culverts (See appendix). 

 

To protect receiving water and as part of the “four step process to minimize adverse impacts of 

urbanization” this site was analyzed in the following manner: 

1. Reduce Runoff- The proposed impervious areas on the site are surrounded by landscaping and 

green space areas.  Additionally, the new improvements and impervious areas on the site will 

be routed to a proposed private Extended Detention Basin.  These items will reduce the 

volume of runoff using ponding and infiltration. 

2. Stabilize Drainageways- There are 2 existing drainageways onsite.  The westerly channel has 

been studied in HEC-RAS model and based upon calculations velocities are within the range 

for stabilized flow.  The easterly channel has wetlands that allow the channel to stay stabilized.  

3. Provide Water Quality Capture Volume (WQCV)- The 3 Extended Detention Basin have been 

sized and designed to sufficiently capture the required WQCV and slowly release it though 

the three-hole outlet, thereby allowing solids and contaminants to settle out. 

4. Consider Need for Industrial and Commercial BMPs- The proposed development is single 

family site; therefore, no Industrial and Commercial BMPs have been proposed. 

 

HYDRAULIC ANALYSIS 

As mentioned above there are 2 major drainage ways on the east and west side of the site. In the 

previously approved “Final Drainage Report for Waterbury Filing 1” dated September 2016 prepared 

by Classic Consulting Engineering & Surveying the floodplain along the west side of the site was 

determined by Kiowa Engineering in a 2004 LOMR (04-08-0012) using a HEC-RAS analysis 

modeling developed flows along the channel from the 3-42” culverts under Eastonville Road south 

to the existing stock pond (Design Point 13) south of Stapleton Drive with proposed and existing 

improvements such as the proposed 42” dual culverts located at the Gilbert Road crossing and existing 

dual 4’ x 8’ box culverts at Stapleton Drive. Terra Nova engineering has done a new HEC-RAS study 

for the floodplain to establish base flood elevations (see appendix for HEC-RAS model). These 

channels will be contained in proposed Tracts dedicated to drainage that will allow the 4-Way Ranch 

Metro District to provide maintenance. 
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As part of the revised Preliminary Plan submittal for the site revisions an analysis of the eastern 

channel by ECO Systems found that this drainage channel is a jurisdictional water of the U.S. with 

associated jurisdictional wetland habitat. Therefore, to comply with Section 404 of the Clean Water 

Act, we must meet the 404(b)(1) project review criteria, which include impact avoidance and 

minimization. The option the client plan to take is to minimize Project-wide impacts to 0.5-acre or 

less such that the pre-approved Nationwide Permits (NWP) may be used. No channel grading or 

redesign is proposed for the channels; with the exception of the Sunken Meadow Crossing where 3-

36” culverts are being placed and additional flow is routed into the channel further upstream (Design 

Point E-E on the PDR Map). The rest of the channel is to remain natural at this time as discussed 

below in the East Channel section. A USACE Section 404 Permit Preconstruction Notification was 

submitted to the Army Corp of Engineers in February of 2022 and the USACE Verification Letter 

(see Appendix) was returned in July of 2022 determining “that activities associated with the project 

are authorized by 2021 NWP 29 – Residential Developments.” 

 

For the analysis of the channels, the Manning’s Roughness Coefficients were selected based upon 

investigation of the channels from site visits and the Natural features and Wetlands report for the site 

done by Ecosystems services. Both channels have a very substantial amount of vegetative cover 

containing cattails and Palustrine Emergent wetland vegetation (see attached exhibits & photos in 

appendix). Both channels show no sign of erosion but do have standing pools of water 1”to 6” deep 

in most areas along the reach.  

 

The manning’s n values are based upon Table 10-2 section e. Channels not maintained, weeds and 

brush uncut for Dense weeds, high as flow depth. The range is Minimum 0.05, Normal 0.80 Maximum 

0.12 

 

The west channel has more significant vegetation (cattails and brush) along the southern reach (RS 

x-sections 0 to 900) than the northern part (RS x-sections 900 to 2600) where it has more grasses and 

no cattails. For the existing condition in the southern part of the channel a manning’s n of 0.10 was 

used. While in the northern part a manning’s n of 0.06 was used. Channel bank armoring is proposed 

along sections of the channel. With this disturbance occurring to the natural cattails and grasses we 

are proposing planting some more cattails and other tall grasses in the disturbed areas and the northern 

CDurham
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part to help with critical RS x-sections. In the proposed condition we used a manning’s n value of 

0.06 for the northern part and the same 0.10 for the southern part.  

 

The east channel has significant vegetation (cattails and brush) where it widens (RS x-sections 

1801.17 to 1500). Therefore, a manning’s n value of 0.10 was used in the HEC-RAS model. This is 

between the Normal and Maximum limit for Table 10-2 section e. All RS x-sections north and south 

of the above mentioned sections have a little less cattails and more grasses therefore a manning’s n 

value of 0.08 was used This is the Normal and Maximum limit for Table 10-2 section e. Channels not 

maintained, weeds and brush uncut for Dense weeds, high as flow depth. 

 

For shear stress the Retardance Class ranges from Class A to Class C were used based upon the SCS 

Retardance Class Table 8.9 (Class A: 10.0 lb/sq ft, Class B: 7.64 lb/sq ft and Class C 5.60 lb/sq ft). 

Values for allowable sheer stress based upon the equation 8.29 and figures 8-23 & 8-24 in the 

appendix. The allowable soil stress values is 0.025 lb/sq ft. Equation 8.32 in appendix calculates the 

allowable Vegetal Stress and based upon this the allowable Vegetal Stress values are Class A: 7.50 

lb/sq ft, Class B: 5.73 lb/sq ft and Class C 4.20 lb/sq ft.  

 

EAST CHANNEL DEVELOPED ANALYSIS 

A HEC-RAS analysis was done of the east channel using the existing topo and the proposed contours 

sampled from these AutoCAD files along with the 100-year flow of 151 cfs upstream of the Sunken 

Meadow Road crossing and 188 cfs downstream where Pond 3 outlets. These flows are taken from 

DP 30* (Existing Calculations DP EX7) and DP 30A* (DP 30A* & Pond 3 release). These are the 

largest flow the channel will see once development starts for Filing 1. This happens after development 

of Filing 1 and before there is development upstream in the future phases where onsite storm will 

route most flows in storm drain to detention/water quality ponds and not in the existing channel.  The 

flow in the future fully developed condition is only 39 cfs (DP 30 FDR Calcs) from RS x-section 

2010.09 to 1200. While from RS x-sections 1000 to 400, 97 cfs is the flow (Design Point 30A FDR 

Calcs). The 100-Y-MIN. FF and finished floor lot elevations shown on the HECRAS exhibit are based 

upon the 151 cfs and 188 cfs in case development upstream does not happen. The output information 

shows that the channel velocities are below the suggested velocities of 3 to 4 fps from the DCM 

Manual Chapter 10 and Table 8-3 located in the appendix Section H for 100-year event and are in the 
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range of 0.45 fps to 3.12 fps, with the exception of RS x-section 400 (discussed below).  The Froude 

# vary from 0.04 to 0.74. The shear stress varies from 0.36 to 2.63 lbs/q ft, which is well under the 

above-mentioned limits. As mentioned above this is an existing channel that is not being altered with 

the exception of the road crossing with the 3-36” culverts and the diversion of flows from Basin OS-

2 to a point higher in the channel. This channel shows no current erosion and contains wetlands with 

well-established cattails and grasses that we should avoid disturbing as the HECRAS results show 

that the channel is stable as is, with no needed improvements such as drop structures or channel 

armoring that is discussed in EPC ECM Section 3.3.3 C and H. At RS x-section 1200 just upstream 

of the culvert crossing is shown as critical flow and but the velocity is 0.47 fps, the Froude number is 

0.04 and the shear stress is 0.03 lbs/sq ft, all below the requirements. There is a proposed Type M 

d50=12” riprap pad with a bury depth of 24" just downstream of the RS x-section 1200 as shown on 

the construction drawings and this will help to stabilize the channel. It is respectfully requested that 

no improvements be done in this area as all the results show the channel is in conformance with the 

maximum design values. RS x-section 400 which is downstream of our site and on someone else’s 

property is also critical. RS x-section 400 is the last station which is always critical due to no 

downstream RS x-section to properly run calculations in the HECRAS program. The 4-Way Ranch 

Metro District will provide maintenance on the channel using access from the end of the Public ROW 

of Sunken Meadow Road and Muddy Pond Street and Megansett Way. There is a proposed Drainage-

Maintenance Easement along the whole channel abutting Waterbury Filing 1 and to the proposed 

FSD Pond 2. 

 

WEST CHANNEL DEVELOPED ANALYSIS 

A HEC-RAS analysis was done of the West channel for the proposed conditions using the existing 

topo and the proposed contours. The channel was sampled from these AutoCAD files to obtain the 

RS x-sections data for the HECRAS analysis. The developed 100-year flow of 216 cfs was used for 

RS x-section 2500 to the proposed 42” dual culvert RS x-section at 1042.5. From RS x-section 900 

to 100, 222 cfs was entered into the program. These flows are based upon the FDR drainage 

calculations for Design Points 11 & 11A respectively. As mentioned above the northern part of the 

channel has a manning’s n of 0.06 and the southern part 0.10 in the current condition. In the proposed 

analysis of the west channel the HECRAS output shows that the channel velocities are in the range 

of 0.60 fps to 4.00 fps for all but RS X-section 0 which 4.46 fps. The maximum suggested velocity is 
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3 to 4 fps from the DCM Manual Chapter 10 and Table 8-3 located in the appendix Section H for 

100-year event, therefore all x-sections met the requirement except for RS X-section 300. This x-

section has proposed riprap bank protection shown on the construction drawings.  The shear stress 

varies from 0.02 to 2.43 lbs/sq. These are below the above-mentioned limits. The Froude #’s vary 

from 0.05 to 1.01.  There are two locations where the Froude # is above the 0.90 maximum. The first 

one is at RS x-section 1420 (1.02) just upstream of a proposed check structure. Drop structures and 

channel armoring is being added per EPC ECM Section 3.3.3 C and H. We are adding selective riprap 

bank stabilization from station 1500 to station 1350. The second RS x-section is at 0 respectively. 

They both have a Froude # of 1.01. These 2 RS x-sections are also shown as Critical Water Surface 

locations. There are a total of 6 critical water surface RS x-sections listed in the HECRAS table, RS 

x-sections 1900, 1850, 1500, 1420, 1200, & 0. To help protect the channel and combat these critical 

flow sections, selective riprap bank stabilization has been shown on the construction drawing set for 

three different locations. from section 2000 to section 1800, from section 1500 to 1300 and from 

section 700 to 250, a grouted boulder drop structure has been added at RS x-section 1400 to shallow 

the channel slope downstream and planting cattails and Palustrine Emergent wetland vegetation along 

the bottom of the channel.  These three protective measures are shown on the channel improvement 

plans in the Construction Drawing set. At RS x-section 1200 the velocity is 0.60 fps, the Froude # is 

0.05 and the shear stress is 0.02 lbs/sq ft. This demonstrates that this RS x-section will be stable in 

the 100-Y event and no alternate stabilization is needed. It is proposed to armor with selective riprap 

bank stabilization from station 700 to station 250 and leave the bottom as is with the existing dense 

cattails and other tall grasses due tio the existing lots to the west and the proposed detention pond to 

the east.   RS x-section 0 is the last station which is always critical due to no downstream RS x-section 

to properly run calculations in HECRAS analysis. The 4-Way Ranch Metro District will provide 

maintenance on the channel using access from the Public ROW of the abutting Thatcher Court, 

Gilbert Drive and Stapleton Drive. The Hausemen Easement is also being used to gain access from 

Bandenero Drive 

 

WEST CHANNEL EXISTING ANALYSIS 

A HEC-RAS analysis was also done of the West channel for the existing conditions using the existing 

topo. Th channel was analyzed so we could compare the existing 100-Y MIN. FF to the proposed 

100-Y MIN. FF. The channel was sampled from these AutoCAD files using the same reach alignment 
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and RS x-sections. The developed 100-year flow of 216 cfs was used for RS x-section 2600 to RS x-

section 900 and 222 cfs was used for RS x-section 900 to RS x-section 0. RS x sections 1400, 1300, 

1200, and 900 have a lowering greater than 0.50’ (1400=2.97’, 1300=1.39’, 1200= 0.8’, and 

900=1.40’ see table below for comparison) and therefore we do not met the requirement from the EL 

Paso County Floodplain Administrator “that the cumulative effect of the proposed development, when 

combined with all other existing and anticipated development, will not increase the water surface 

elevation of the base flood more than one-half (1/2) foot at any point within the community” and a 

CLOMR will need to be submitted and approved by FEMA. The HECRAS model shows that the 

proposed condition reduces the encroachment as compared to the existing condition analysis. The 

existing lots 35-37 (RS x-sections 400 to 1300) in the adjacent subdivision to the west are affected by 

the change in HWL as a majority of the HWL are lowered from the existing condition to the proposed 

condition with the exception of  RS x-sections 400 to 600 where it increase a maximum of 0.11’. 

Below is a comparison of the Existing HWL vs the Proposed HWL and the difference in elevation. 

 

WEST CHANNEL 100-Y HWL EXISTING VS PROPOSED  

EX RS X-

SECT 

100-Y 

HWL 

PR RS X-

SECT 

100-Y 

HWL 

DIFF 

 

 

2600 6967.80 2600 6967.85 0.05 FT 
 

2500 6965.81 2500 6965.79 -0.02 FT 
 

2400 6964.30 2400 6964.31 0.01 FT 
 

2300 6962.39 2300 6962.36 -0.03 FT 
 

2200 6959.82 2200 6959.85 0.03 FT 
 

2100 6957.62 2100 6957.55 -0.07 FT 
 

2000 6956.26 2000 6956.33 0.07 FT 
 

  1950 6955.36   
 

1900 6954.54 1900 6954.87 0.33 FT 
 

  1850 6953.21   
 

1800 6951.86 1800 6951.80 -0.06 FT 
 

1700 6949.56 1700 6949.64 0.08 FT 
 

1600 6948.27 1600 6948.22 -0.05 FT 
 

1500 6946.80 1500 6947.05 0.25 FT 
 

  1420 6945.02   
 

1400 6945.34 1400 6942.37 -2.97 FT 
 

  1380 6942.34   
 

  1340 6942.23   
 

1300 6943.61 1300 6942.22 -1.39 FT 
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1200 6943.00 1200 6942.20 -0.80 FT 
 

1100 6942.47     
 

1000 6941.18     
 

900 6938.51 900 6937.11 -1.40 FT 
 

800 6936.27 800 6936.21 -0.06 FT 
 

700 6934.27 700 6934.12 -0.15 FT 
 

600 6932.36 600 6932.39 0.03 FT 
 

500 6929.89 500 6929.94 0.05 FT 
 

400 6927.85 400 6927.96 0.11 FT 
 

  350 6926.03   
 

300 6924.34 300 6924.66 0.32 FT 
 

  250 691.88   
 

200 6920.93 200 6921.01 0.08 FT 
 

100 6920.46 100 6920.46 0.00 FT 
 

0 6919.89 0 6919.14 -0.75 FT 
 

 

The 100-year high water elevations and limits for the east and west channels were checked against 

the adjacent proposed lots and the finished grade from the proposed channel HECRAS data. All lot 

grades were set above the adjacent 100-year highwater elevation and noted the minimum finished 

floor 1 foot on the Preliminary Plan /PUD. In this more detailed analysis, the minimum finished floors 

have been revised and are still a minimum 1’ above the100-MIN. FF (see Tabel Below). The proposed 

lots in Waterbury Filing 1 along the east and west channel are all set outside of the FEMA Floodplain 

and the calculated 100-year high water elevations and limits. The existing Lots 35 & 36 of the adjacent 

subdivision 4-Way Ranch Filing No. 1 to the west are shown to have the current FEMA floodplain 

study from December of 2018 encroach onto them. In the HECRAS analysis of the existing conditions 

flows from this FDR study the 100-Y MIN. FF encroaches onto their property in the existing condition 

at RS-x-sections 600, 700, 800, & 900 (see EXISTING 100-Y FLOODPLAIN EXHIBIT in Appendix 

under HECRAS ANALYSIS). The encroachment of the 100-Y MIN. FF occurs across the rear yards 

of the lots. This encroachment is shown to be more than the current FEMA floodplain study form 

December of 2018. This is an existing condition, and the Waterbury Development is not initiating 

this concern. In the proposed condition for this FDR study the 100-Y MIN. FF is pulled in closer to 

the channel at RS x-sections 800 & 900, but at RS x-sections 600 & 700 the 100-Y MIN. FF still 

encroaches onto Lots 35 & 36 (see PROPOSED 100-Y FLOODPLAIN EXHIBIT in Appendix under 

HECRAS ANALYSIS).  

 

CDurham
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MINIMUM FINISHED FLOOR ELEVATIONS BASED 100-Y MIN. FF 

Lot 44 MIN. FF= 6915.00 

Lot 45 MIN. FF= 6916.00 

Lot 46 MIN. FF= 6919.00 

Lot 47 MIN. FF= 6920.00 

Lot 48 MIN. FF= 6921.00 

Lot 49 MIN. FF= 6921.50 

Lot 75 MIN. FF= 6925.50 

Lot 88 MIN. FF= 6927.00 

Lot 89 MIN. FF= 6928.00 

Lot 90 MIN. FF= 6933.50 

Lot 91 MIN. FF= 6935.00 

Lot 92 MIN. FF= 6938.50 

Lot 113 MIN. FF= 6941.00 

Lot 131 MIN. FF= 6964.00 

Lot 132 MIN. FF= 6962.00 

Lot 133 MIN. FF= 6960.00 

Lot 134 MIN. FF= 6959.00 

Lot 135 MIN. FF= 6958.00 

Lot 136 MIN. FF= 6957.00 

Lot 137 MIN. FF= 6954.00 

Lot 150 MIN. FF= 6952.00 

Lot 151 MIN. FF= 6949.00 

Lot 152 MIN. FF= 6947.00 

Lot 153 MIN. FF= 6946.00 

Lot 154 MIN. FF= 6944.00 

Lot 155 MIN. FF= 6944.00 

Lot 156 MIN. FF= 6941.00 

Lot 157 MIN. FF= 6941.00 

Lot 158 MIN. FF= 6939.00 

Lot 159 MIN. FF= 6939.00 

Lot 160 MIN. FF= 6938.00 

Lot 161 MIN. FF= 6937.00 

Lot 162 MIN. FF= 6936.00 

Lot 163 MIN. FF= 6936.00 

Lot 164 MIN. FF= 6935.00 

Lot 165 MIN. FF= 6935.00 
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FILING 1 CONSTRUCTION COST OPINION 

Private Drainage Facilities Improvements, Non-Reimbursable 

 Item    Quantity         Unit Price       Cost 

1. 12” HDPE 1126 LF $ 14/LF   $     15,769 

2. 18” DIA INLET 12 EA $ 1500/EA   $     18,000 

3. 18” RCP 465 LF $ 82/LF   $     38,130 

4. 24” RCP 46 LF $ 98/LF   $       4,508 

5. 36” RCP 210 LF $ 151/LF   $     31,745 

6. FES: 24” 2 EA $ 588/EA   $       1,176 

7. FES: 36” 1 EA $ 906/EA   $          906 

7. SWALE 4’x2’ 565 LF $ 30/LF   $     16,950 

8. RIPRAP d30 0.83 TONS $ 104/TONS   $            87 

9. Drainage Channel Lining, Riprap 381 CY $135/CY   $     51,435 

   Total          $   178,706 

Public Drainage Facilities Improvements, Non-Reimbursable 

 Item    Quantity         Unit Price       Cost 

1. 15” RCP 66 LF $74/LF    $       4,911 

2. 18” RCP 1,491 LF $82/LF    $   122,241 

3. 24” RCP 795 LF $98/LF    $     77,944 

4. 30” RCP 1,664 LF $123/LF   $   204,697 

5. 36” RCP 2,619 LF $151/LF   $   395,418 

6. 30” FES 1 EA $738/EA   $          738 

7. 36” FES  1 EA $906/EA   $          906 

8. 42” FES 2 EA $1,206/EA   $       2,412 

9. Headwall 4 EA $1,500/EA   $       6,000 

10. Wingwall 4 EA $1,500/EA   $       6,000 

11. 5’ Type R Inlet<5’ 14 EA $7,212/EA   $   100,968 

12. 5’ Type R Inlet5’<X<10’ 4 EA $9,377/EA   $     37,508 

13. 10’ Type R Inlet<5’ 3 EA $9,225/EA   $     29,775 

14. 10’ Type R Inlet5’<X<10’ 2 EA $10,230/EA   $     20,460 

15. 15’ Type R Inlet<5’ 2 EA $12,907/EA   $     25,814 
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16 MH Box Base 28 EA $15,130/EA   $   423,640 

17.  Geotextile (EC) 232 SY $9/SY    $       2,088 

18. Riprap, d50 19 TONS $104/TON   $       1,942 

 

   Total          $ 1,463,462 

 

Private Permanent BMPs, Non-Reimbursable 

         Description                                     Quantity              Unit Price                 Cost 

1. 3-Extended Detention Basins 

 - Earthwork 32,000 CY $     1.32  $      42,250 

 - Forebays 5 EA $ 10,000  $      50,000 

 - Trickle Channel 1420 LF $      50  $      71,000 

 - Outlet Structures (4’x4’) 2 EA $  6,000  $      12,000 

 - Outlet Structures (12’x6’) 1 EA $ 20,000  $      20,000 

 - Armored Emergency Spillway 3 EA $ 20,000  $      60,000 

 - Stabilization 3 EA $  5,000  $      15,000 

    Total $    285,250 

 

Drainage Channel Improvements, Non-Reimbursable 

         Description                                     Quantity              Unit Price                 Cost 

1. West Channel Haegler Tributary No. 1 

 - Channel Construction 1,000 LF $      100  $    100,000 

 - Channel Lining Riprap 3,024 CY $      145  $    438,480 

 - Channel Lining Vegetation 11 AC $   1,911  $      20,352 

 - Drop Structures  1 EA $ 50,000  $      50,000 

    Total $    608,832 

 

 

DRAINAGE FEES WATERBURY FILING NO. 1  

This site lies within the Haegler Ranch Drainage Basin Diversion and Geick Ranch Basin.  There is 

no approved Drainage Basin Planning study on file done with fees for Geick Ranch Basin, therefore 
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no fees will need to be paid for Geick Ranch Basin. Drainage and Bridge fees only need to be paid 

for the part of the site that lies within the Haegler Ranch Basin. 

 

Total Site Acreage: 61.88 ac  

Geick Ranch Basin Acreage: 48.11 ac 

Haegler Ranch Basin Acreage: 13.77 ac 

 

Appendix L of the Drainage Criteria Manual 1 Addendum states that for single-family 0.25-acre lots, 

an impervious percentage of 40% can be used. The combined Drainage Fees (2024) are due prior to 

final plat recordation. 

 

The following calculations are based upon the 2024 Drainage & Bridge fees: 

 13.77 ac x 40% =5.51 Impervious acres 

 Haegler Ranch Drainage Fees: $13,971 x 5.51 = $76,980 

 Haegler Ranch Bridge Fees: $2,062 x 5.51 = $11,616 

 

SUMMARY 

Site runoff and storm drain and appurtenances associated with the development of the Waterbury 

Filing No. 1  site will not adversely affect the surrounding and downstream developments.  Runoff 

will be routed to the existing and proposed detention basins and reduce the runoff to be at or below 

historic rates mentioned above in the report via Full Spectrum Detention while slowly treating the 

water quality capture volume and in turn helping to stabilize the downstream channel banks. Terra 

Nova Engineering requests that this report satisfy the submittal requirements for the drainage analysis 

for Waterbury.  This report and findings are in general conformance with all previously approved 

reports for this site. 

 

 

PREPARED BY: 
TERRA NOVA ENGINEERING, INC. 

 
 
Quentin N. Armijo, P.E. 
Vice President 
Jobs/1715.00/drainage/1715.00FDR  
 

Jeff Rice - EPC Engineering Review
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The soil surveys that comprise your AOI were mapped at 
1:24,000.

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

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

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

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

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

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

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 22, Sep 3, 2024

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

Date(s) aerial images were photographed: Sep 11, 2018—Oct 
20, 2018

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

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

19 Columbine gravelly sandy 
loam, 0 to 3 percent slopes

56.6 100.0%

Totals for Area of Interest 56.6 100.0%

Soil Map—El Paso County Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

12/21/2024
Page 3 of 3



El Paso County Area, Colorado

19—Columbine gravelly sandy loam, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 367p
Elevation: 6,500 to 7,300 feet
Mean annual precipitation: 14 to 16 inches
Mean annual air temperature: 46 to 50 degrees F
Frost-free period: 125 to 145 days
Farmland classification: Not prime farmland

Map Unit Composition
Columbine and similar soils: 97 percent
Minor components: 3 percent
Estimates are based on observations, descriptions, and transects of 

the mapunit.

Description of Columbine

Setting
Landform: Fans, fan terraces, flood plains
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium

Typical profile
A - 0 to 14 inches: gravelly sandy loam
C - 14 to 60 inches: very gravelly loamy sand

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): High to 

very high (5.95 to 19.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Very low (about 2.5 inches)

Interpretive groups
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: A
Ecological site: R049XY214CO - Gravelly Foothill
Hydric soil rating: No

Minor Components

Fluvaquentic haplaquolls
Percent of map unit: 1 percent

Map Unit Description: Columbine gravelly sandy loam, 0 to 3 percent slopes---El Paso County 
Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

12/21/2024
Page 1 of 2



Landform: Swales
Hydric soil rating: Yes

Other soils
Percent of map unit: 1 percent
Hydric soil rating: No

Pleasant
Percent of map unit: 1 percent
Landform: Depressions
Hydric soil rating: Yes

Data Source Information

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 22, Sep 3, 2024

Map Unit Description: Columbine gravelly sandy loam, 0 to 3 percent slopes---El Paso County 
Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

12/21/2024
Page 2 of 2
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JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALCULATED BY: QNA

FDR ~ EXISTING BASIN RUNOFF COEFFICIENT SUMMARY

WEIGHTED WEIGHTED CA

BASIN

TOTAL

AREA (AC) AREA (AC) C(5) C(100) AREA (AC) C(5) C(100) C(5) C(100) CA(5) CA(100)

EXA 9.62 0.00 0.45 0.59 9.62 0.09 0.36 0.09 0.36 0.87 3.46

EXB 4.09 0.00 0.45 0.59 4.09 0.09 0.36 0.09 0.36 0.37 1.47

EXC 24.80 0.00 0.45 0.59 24.80 0.09 0.36 0.09 0.36 2.23 8.93

EXD 15.87 0.00 0.45 0.59 15.87 0.09 0.36 0.09 0.36 1.43 5.71

EXE 5.83 0.00 0.45 0.59 5.83 0.09 0.36 0.09 0.36 0.52 2.10

EXF 1.62 0.00 0.45 0.59 1.62 0.09 0.36 0.09 0.36 0.15 0.58

OS-1 45.02 0.00 0.45 0.59 45.02 0.09 0.36 0.09 0.36 4.05 16.21

OS-2 11.40 0.00 0.45 0.59 11.40 0.09 0.36 0.09 0.36 1.03 4.11

OS-3 1.11 0.00 0.45 0.59 1.11 0.09 0.36 0.09 0.36 0.10 0.40
OS-4 0.29 0.00 0.45 0.59 0.29 0.09 0.36 0.09 0.36 0.03 0.11

OS-5 6.74 0.00 0.45 0.59 6.74 0.09 0.36 0.09 0.36 0.61 2.43

OS-8 2.56

OS-9 11.80

OS-10A 12.80

FLOW TAKEN FROM MERIDAIN RANCH MDDP

FLOW TAKEN FROM MERIDAIN RANCH MDDP

IMPERVIOUS / DEVELOPED AREA NONIMPERVIOUS / UNDEVELOPED AREA 

FLOW TAKEN FROM MERIDAIN RANCH MDDP

Terra Nova Engineering

235600 FDR 12/22/2024



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALC'D BY: QNA

FDR ~ EXISTING BASIN RUNOFF SUMMARY

WEIGHTED OVERLAND STREET  /  CHANNEL FLOW Tc INTENSITY TOTAL  FLOWS 

BASIN CA(5) CA(100) C(5) Length Height Tc Length Slope Velocity Tc TOTAL I(5) I(100) Q(5) Q(100)

(ft) (ft) (min) (ft) (%) (fps) (min) (min) (in/hr) (in/hr) (cfs) (cfs)

EXA 0.87 3.46 0.25 100 3 11.1 1193 1.7% 4.5 4.4 15.4 3.43 5.81 3 20

EXB 0.37 1.47 0.25 100 2 12.6 623 2.2% 5.2 2.0 14.6 3.51 5.96 1 9

EXC 2.23 8.93 0.25 100 2.5 11.7 2420 1.7% 4.6 8.9 20.6 3.01 5.01 7 45

EXD 1.43 5.71 0.25 100 2 12.6 1615 2.6% 5.6 4.8 17.4 3.25 5.47 5 31

EXE 0.52 2.10 0.25 100 8 8.0 1063 2.1% 5.0 3.5 11.5 3.86 6.66 2 14

EXF 0.15 0.58 0.25 100 6 8.8 400 2.5% 5.5 1.2 10.0 4.06 7.07 1 4

OS-1 4.05 16.21 0.25 100 6 8.8 3219 2.3% 5.3 10.1 18.9 3.13 5.24 13 85

OS-2 1.03 4.11 0.25 100 2 12.6 1203 1.0% 3.5 5.7 18.4 3.17 5.32 3 22

OS-3 0.10 0.40 0.25 100 2 12.6 330 2.6% 5.6 1.0 13.6 3.61 6.17 0 2

OS-4 0.03 0.11 0.25 100 2 12.6 230 2.6% 5.7 0.7 13.3 3.64 6.23 0 1

OS-5 0.61 2.43 0.25 80 5 7.8 1000 2.5% 5.5 3.0 10.8 3.96 6.85 2 17

OS-8 5 11

OS-9 8 19

OS-10A 28 185

FLOW TAKEN FROM MERIDAIN RANCH MDDP

FLOW TAKEN FROM MERIDAIN RANCH MDDP

FLOW TAKEN FROM MERIDAIN RANCH MDDP

Terra Nova Engineering

235600 FDR 12/22/2024



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALCULATED BY: QNA

FDR ~ EXISTING SURFACE ROUTING SUMMARY

Design

Point(s)
Contributing Basins Area (AC)

Equivalent

CA(5)

Equivalent

CA(100)

Maximum

Tc
I(5) I(100) Q(5) Q(100)

Facility Size

EX1A OS-5, & DP-EX10A 19.54 0.61 2.43 10.8 3.96 6.85 30 202 NORTH BOUNDARY

EX1 EXA, OS-5, & DP-EX10A 29.16 1.47 5.89 15.4 3.43 5.81 33 219 3-42" CULVERTS

EX2 EXB 4.09 0.37 1.47 14.6 3.51 5.96 1 9 STAPLETON ROAD

EX3A OS-4 1.11 0.03 0.11 13.3 3.64 6.23 0 1 NORTH BOUNDARY

EX3 EXC & OS-4 25.10 2.26 9.03 20.6 3.01 5.01 7 45 EAST BOUNDARY

EX4A OS-3 1.11 0.10 0.40 13.6 3.61 6.17 0 2 NORTH BOUNDARY

EX4 EXD & OS-3 16.98 1.53 6.11 17.4 3.25 5.47 5 33 EAST BOUNDARY

EX5A OS-2 & OS-8 13.96 1.03 4.11 18.4 3.17 5.32 8 33 NORTH BOUNDARY

EX5 EXE, OS-2 & OS-8 17.23 1.55 6.20 18.4 3.17 5.32 10 44 EAST BOUNDARY

EX6 EXF 1.62 0.15 0.58 13.8 3.59 6.12 1 4 EAST BOUNDARY

EX7A OS-1 & OS-9 56.82 4.05 16.21 18.9 3.13 5.24 21 104 POINT ALONG CHANNEL

EX7
EXE, EXF, OS-1, OS-2, OS-8 & 

OS-9
78.24 5.75 23.00 18.9 3.13 5.24 31 151 DP 30 PROP CONDITION

EX9 OS-9 11.80 8 19 EX 36" RCP Culvert

EX10 OS-8 2.56 5 11 EX 36" RCP Culvert

EX10A MERIDIAN POND E RELEASE 28 185 EX 3-42" RCP Culverts

13
TOTAL OFFISITE EX. STOCK 

POND INFLOW
69 396 EX STOCK POND

Per “Final Drainage Report for Waterbury Filing No. 1” dated September 2016, by Classic 

Consulting

Intensity Flow

Meridaian Ranch Filing 3 FDR Calculated Flows

Terra Nova Engineering

235600 FDR 12/22/2024
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JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALCULATED BY: QNA

FDR DRAINAGE REPORT ~ PROPOSED BASIN RUNOFF COEFFICIENT SUMMARY

WEIGHTED WEIGHTED CA

BASIN

TOTAL

AREA (AC) AREA (AC) C(5) C(100) AREA (AC) C(5) C(100) C(5) C(100) CA(5) CA(100)

A 3.39 3.39 0.45 0.59 0.00 0.09 0.36 0.45 0.59 1.52 2.00

B1 2.30 2.30 0.45 0.59 0.00 0.09 0.36 0.45 0.59 1.03 1.36

B2 3.58 3.58 0.45 0.59 0.00 0.09 0.36 0.45 0.59 1.61 2.11

C 0.86 0.86 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.39 0.51

D 2.11 2.11 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.95 1.24

E 2.18 2.18 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.98 1.29

F 2.18 2.18 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.98 1.29

G1 0.53 0.53 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.24 0.31

G2 0.69 0.69 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.31 0.41

H 1.46 1.46 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.66 0.86

I 4.97 1.45 0.45 0.59 3.53 0.09 0.36 0.19 0.43 0.97 2.12

J 1.44 1.44 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.65 0.85

K 3.06 1.14 0.45 0.59 1.92 0.09 0.36 0.22 0.45 0.69 1.37

L1 3.79 3.79 0.45 0.59 0.00 0.09 0.36 0.45 0.59 1.71 2.24

L2 2.00 2.00 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.90 1.18

M1 0.99 0.99 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.44 0.58

M2 0.35 0.35 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.16 0.21

N 0.22 0.22 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.10 0.13

O1 2.82 2.82 0.45 0.59 0.00 0.09 0.36 0.45 0.59 1.27 1.66

O2 0.59 0.59 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.27 0.35

O3 0.56 0.56 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.25 0.33

O4 0.38 0.38 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.17 0.23

P 0.70 0.00 0.45 0.59 0.70 0.09 0.36 0.09 0.36 0.06 0.25

Q1 1.48 1.48 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.66 0.87

Q2 0.96 0.96 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.43 0.56

IMPERVIOUS / DEVELOPED AREA NONIMPERVIOUS / UNDEVELOPED AREA 

Terra Nova Engineering

235600 FDR 12/22/2024



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALCULATED BY: QNA

FDR DRAINAGE REPORT ~ PROPOSED BASIN RUNOFF COEFFICIENT SUMMARY

WEIGHTED WEIGHTED CA

BASIN

TOTAL

AREA (AC) AREA (AC) C(5) C(100) AREA (AC) C(5) C(100) C(5) C(100) CA(5) CA(100)

IMPERVIOUS / DEVELOPED AREA NONIMPERVIOUS / UNDEVELOPED AREA 

R 1.02 1.02 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.46 0.60

S1 1.55 1.55 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.70 0.91

S2 0.13 0.13 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.06 0.08

T1 1.42 1.42 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.64 0.84

T2 1.23 1.23 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.55 0.73

U1 4.38 4.38 0.45 0.59 0.00 0.09 0.36 0.45 0.59 1.97 2.58

U2 1.89 1.89 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.85 1.11

V 0.54 0.54 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.24 0.32

W 5.20 5.20 0.45 0.59 0.00 0.09 0.36 0.45 0.59 2.34 3.07

X 0.43 0.43 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.19 0.25

Y 0.35 0.35 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.16 0.21

OS-1 11.81 11.81 0.45 0.59 0.00 0.09 0.36 0.45 0.59 5.31 6.97

OS-2 11.53 11.53 0.45 0.59 0.00 0.09 0.36 0.45 0.59 5.19 6.80

0S-3A 0.79 0.79 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.35 0.47

0S-3B 5.66 5.66 0.45 0.59 0.00 0.09 0.36 0.45 0.59 2.55 3.34

OS-4 10.90 0.00 0.45 0.59 10.90 0.09 0.36 0.09 0.36 0.98 3.92

OS-5 5.64 0.00 0.45 0.59 5.64 0.09 0.36 0.09 0.36 0.51 2.03

OS-6 1.06 1.06 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.48 0.63

OS-7 3.75 0.00 0.45 0.59 3.75 0.09 0.36 0.09 0.36 0.34 1.35

OS-8 8.43

OS-9 12.30

OS-10 3.41 0.00 0.45 0.59 3.41 0.09 0.36 0.09 0.36 0.31 1.23

OS-Q1 4.31 4.31 0.45 0.59 0.00 0.09 0.36 0.45 0.59 1.94 2.54

OS-Q2 0.94 0.94 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.42 0.55

OS-R 6.05 6.05 0.45 0.59 0.00 0.09 0.36 0.45 0.59 2.72 3.57

OS-S1 5.59 5.59 0.45 0.59 0.00 0.09 0.36 0.45 0.59 2.51 3.30

OS-S2 0.17 0.17 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.08 0.10

OS-T2 0.76 0.76 0.45 0.59 0.00 0.09 0.36 0.45 0.59 0.34 0.45

OS-W 0.57 0.57 0.90 0.96 0.00 0.09 0.36 0.90 0.96 0.51 0.54

INFO TAKEN FROM EASTONVILLE ROAD LONDONDERRY DR. TO REX RD.  FDR

INFO TAKEN FROM EASTONVILLE ROAD CORRIDOR PH 1 FDR

Terra Nova Engineering

235600 FDR 12/22/2024



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALCULATED BY: QNA

FDR DRAINAGE REPORT ~ PROPOSED BASIN RUNOFF COEFFICIENT SUMMARY

WEIGHTED WEIGHTED CA

BASIN

TOTAL

AREA (AC) AREA (AC) C(5) C(100) AREA (AC) C(5) C(100) C(5) C(100) CA(5) CA(100)

IMPERVIOUS / DEVELOPED AREA NONIMPERVIOUS / UNDEVELOPED AREA 

22.34 AC BASINS A, B1, B2, C, D ,E, F, H, G1, G2, & K DCIA 5.03

UIA 6.92

RPA 2.46

SPA 7.94

Total 22.34

21.05 AC BASINS L1, L2, O1, O2, O-3, O-4 & OS-4 DCIA 2.34

UIA 3.23

RPA 0.92

SPA 14.55

Total 21.05

72.14 AC DCIA 19.75

UIA 20.80

RPA 16.16

SPA 15.42

Total 72.14

POND 1 TRIB 

AREA (DP 8)

POND 2 TRIB 

AREA (DP 18)

POND 3 TRIB 

AREA (DP 29)

BASINS Q1, Q2, R, S1, S2, T1, T2, U1, U2, V, W, X, OS-1, OS-

2, OS-3A, OS-3B, OS-S1, OS-S2, OS-T2, OS-R, OS-Q1, OS-

Q2, OS-7, & OS-W

POND TRIBUTARY AREA

Terra Nova Engineering

235600 FDR 12/22/2024

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALC'D BY: QNA

FDR ~ PROPOSED BASIN RUNOFF SUMMARY

WEIGHTED OVERLAND STREET  /  CHANNEL FLOW Tc INTENSITY TOTAL  FLOWS 

BASIN CA(5) CA(100) C(5) Length Height Tc Length Slope Velocity Tc TOTAL I(5) I(100) Q(5) Q(100)

(ft) (ft) (min) (ft) (%) (fps) (min) (min) (in/hr) (in/hr) (cfs) (cfs)

A 1.52 2.00 0.25 100 2 12.6 420 1.5% 4.3 1.6 14.3 3.54 6.03 5 12

B1 1.03 1.36 0.25 100 2 12.6 400 1.5% 4.3 1.6 14.2 3.55 6.05 4 8

B2 1.61 2.11 0.25 100 2 12.6 550 1.5% 4.3 2.1 14.8 3.49 5.93 6 13

C 0.39 0.51 0.25 20 0.5 5.3 500 2.0% 4.9 1.7 6.9 4.58 8.14 2 4

D 0.95 1.24 0.25 80 2 10.5 300 2.5% 5.5 0.9 11.4 3.87 6.69 4 8

E 0.98 1.29 0.25 100 2 12.6 400 2.5% 5.5 1.2 13.8 3.59 6.12 4 8

F 0.98 1.29 0.25 50 2 7.1 620 1.5% 4.3 2.4 9.5 4.14 7.22 4 9

G1 0.24 0.31 0.25 5.0 5.00 9.06 1 3

G2 0.31 0.41 0.25 5.0 5.00 9.06 2 4

H 0.66 0.86 0.25 50 2 7.1 525 1.5% 4.3 2.0 9.2 4.19 7.33 3 6

I 0.97 2.12 0.25 80 4 8.4 250 2.0% 4.9 0.8 9.2 4.18 7.32 4 16

J 0.65 0.85 0.25 90 6 8.1 850 2.0% 4.9 2.9 10.9 3.94 6.81 3 6

K 0.69 1.37 0.25 100 18 6.1 80 1.0% 3.5 0.4 6.5 4.67 8.33 3 11

L1 1.71 2.24 0.25 100 2 12.6 860 1.4% 4.1 3.5 16.1 3.36 5.69 6 13

L2 0.90 1.18 0.25 55 1.1 9.4 860 1.4% 4.1 3.5 12.8 3.70 6.34 3 7

M1 0.44 0.58 0.25 70 1.5 10.3 200 2.0% 4.9 0.7 11.0 3.92 6.79 2 4

M2 0.16 0.21 0.25 65 3 7.7 0 0.0% 0.0 0.0 7.7 4.43 7.83 1 2

Terra Nova Engineering

235600 FDR 12/22/2024



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALC'D BY: QNA

FDR ~ PROPOSED BASIN RUNOFF SUMMARY

WEIGHTED OVERLAND STREET  /  CHANNEL FLOW Tc INTENSITY TOTAL  FLOWS 

BASIN CA(5) CA(100) C(5) Length Height Tc Length Slope Velocity Tc TOTAL I(5) I(100) Q(5) Q(100)

(ft) (ft) (min) (ft) (%) (fps) (min) (min) (in/hr) (in/hr) (cfs) (cfs)

N 0.10 0.13 0.25 5.0 5.00 9.06 1 1

O1 1.27 1.66 0.25 100 2.5 11.7 460 1.5% 4.3 1.8 13.5 3.62 6.19 5 10

O2 0.27 0.35 0.25 100 2 12.6 850 2.0% 4.9 2.9 15.5 3.42 5.80 1 2

O3 0.25 0.33 0.25 5.0 5.00 9.06 1 3

O4 0.17 0.23 0.25 5.0 5.00 9.06 1 2

P 0.06 0.25 0.25 5.0 5.00 9.06 0 2

Q1 0.66 0.87 0.25 55 1.3 8.9 445 2.0% 5.0 1.5 10.4 4.01 6.97 3 6

Q2 0.43 0.56 0.25 55 1.3 8.9 445 2.0% 5.0 1.5 10.4 4.01 6.97 2 4

R 0.46 0.60 0.25 100 4 10.1 700 2.0% 4.9 2.4 12.4 3.75 6.44 2 4

S1 0.70 0.91 0.25 100 6 8.8 175 2.0% 4.9 0.6 9.4 4.16 7.26 3 7

S2 0.06 0.08 0.25 5.0 5.00 9.06 0 1

T1 0.64 0.84 0.25 55 1.1 9.4 390 2.0% 4.9 1.3 10.7 3.97 6.88 3 6

T2 0.55 0.73 0.25 100 2 12.6 245 2.0% 5.0 0.8 13.5 3.63 6.20 2 5

U1 1.97 2.58 0.25 100 2 12.6 520 2.3% 5.3 1.6 14.3 3.54 6.03 7 16

U2 0.85 1.11 0.25 100 2 12.6 385 2.3% 5.4 1.2 13.8 3.59 6.12 3 7

V 0.24 0.32 0.25 5.0 5.00 9.06 1 3

W 2.34 3.07 0.25 100 2 12.6 630 1.6% 4.4 2.4 15.0 3.47 5.89 8 18

X 0.19 0.25 0.25 5.0 5.00 9.06 1 2

Y 0.16 0.21 0.25 5.0 5.00 9.06 1 2

Terra Nova Engineering

235600 FDR 12/22/2024



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALC'D BY: QNA

FDR ~ PROPOSED BASIN RUNOFF SUMMARY

WEIGHTED OVERLAND STREET  /  CHANNEL FLOW Tc INTENSITY TOTAL  FLOWS 

BASIN CA(5) CA(100) C(5) Length Height Tc Length Slope Velocity Tc TOTAL I(5) I(100) Q(5) Q(100)

(ft) (ft) (min) (ft) (%) (fps) (min) (min) (in/hr) (in/hr) (cfs) (cfs)

OS-1 5.31 6.97 0.25 100 2 12.6 690 2.0% 5.0 2.3 15.0 3.47 5.90 18 41

OS-2 5.19 6.80 0.25 100 2 12.6 1700 1.8% 4.6 6.1 18.7 3.14 5.27 16 36

0S-3A 0.35 0.47 0.25 55 1.1 9.4 480 1.3% 3.9 2.0 11.4 3.87 6.68 1 3

0S-3B 2.55 3.34 0.25 100 2 12.6 480 1.3% 3.9 2.0 14.7 3.50 5.95 9 20

OS-4 0.98 3.92 0.25 800 26 30.5 30.5 2.46 4.01 2 16

OS-5 0.51 2.03 0.25 80 5 7.8 7.8 4.42 7.82 2 16

OS-6 0.48 0.63 0.25 30 0.6 6.9 900 1.8% 4.7 3.2 10.1 4.05 7.04 2 4

OS-7 0.34 1.35 5.0 5.00 9.06 2 12

OS-8 5 12

OS-9 4 24

OS-10 0.31 1.23 0.25 100 2 12.6 300 2.7% 5.7 0.9 13.5 3.62 6.19 1 8

OS-Q1 1.94 2.54 0.25 200 5 16.6 1500 1.5% 4.3 5.8 22.4 2.88 4.78 6 12

OS-Q2 0.42 0.55 0.25 50 1 8.9 900 1.5% 4.3 3.5 12.4 3.75 6.43 2 4

OS-R 2.72 3.57 0.25 50 1 8.9 850 2.7% 5.8 2.5 11.4 3.87 6.69 11 24

OS-S1 2.51 3.30 0.25 100 2 12.6 920 1.2% 3.8 4.0 16.7 3.32 5.60 8 18

OS-S2 0.08 0.10 0.25 100 2 12.6 12.6 3.72 6.39 0 1

OS-T2 0.34 0.45 0.25 100 2 12.6 12.6 3.72 6.39 1 3

OS-W 0.51 0.54 0.25 10 1 2.4 5.0 5.00 9.06 3 5

INFO TAKEN FROM EASTONVILLE ROAD LONDONDERRY DR. TO REX RD.  FDR

INFO TAKEN FROM EASTONVILLE ROAD CORRIDOR PH 1 FDR
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JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALCULATED BY: QNA

FDR ~ PROPOSED SURFACE ROUTING SUMMARY

Design

Point(s)
Contributing Basins Area (AC)

Equivalent

CA(5)

Equivalent

CA(100)

Maximum

Tc
I(5) I(100) Q(5) Q(100)

Facility Size

1 A 3.39 1.52 2.00 14.3 3.54 6.03 5 12 10' Type R Sump Inlet

2 C 0.86 0.39 0.51 6.9 4.58 8.14 2 4 5' Type R Sump Inlet

3 B1 2.30 1.03 1.36 14.2 3.55 6.05 4 8 5' Type R Sump Inlet

4 B2 3.58 1.61 2.11 14.8 3.49 5.93 6 13 10' Type R Sump Inlet

5 F & H 3.65 1.64 2.15 9.5 4.14 7.22 7 16 10' Type R Sump Inlet

6 D 2.11 0.95 1.24 11.4 3.87 6.69 4 8 5' Type R Sump Inlets

7 E 2.18 0.98 1.29 13.8 3.59 6.12 4 8 5' Type R Sump Inlets

7A G1 0.53 0.24 0.31 5.0 5.00 9.06 1 3 5' Type R At-grade Inlet

7B G2 0.69 0.31 0.41 5.0 5.00 9.06 2 4 5' Type R At-grade Inlet

8 DESIGN POINTS 1-7B & K 22.34 8.13 10.66 14.8 3.49 5.93 28 63 FSD Pond 1

9 OS-9 12.30 4 24 EX 30" RCP Culvert

9A EA3, EA4 & EA5 1.43 4 6 WQ POND

9B POND RELEASE & DP9 13.73 4 25 PR 24" RCP

10 OS-8 8.43 5 12 EX FSD Pond 

10-1 POND RELEASE & DP10 12.30 0.3 5 PR 18" RCP 

10A MERIDIAN POND E RELEASE 28 185 EX 3-42" RCP Culverts

11
OS-5, I, DP10A (MERIDIAN 

POND E RELEASE)
34 216 PR 2-42" RCP Culverts

11A DP 11 & BASIN J 37 222 EX Channel

Intensity Flow

Sum of Basins

Meridaian Ranch Filing 3 FDR Calculated Flows

Sum of Basins

INFO TAKEN FROM EASTONVILLE ROAD CORRIDOR PH 1 FDR

INFO TAKEN FROM EASTONVILLE ROAD LONDONDERRY DR. TO REX 

RD.  FDR

INFO TAKEN FROM EASTONVILLE ROAD CORRIDOR PH 1 FDR

INFO TAKEN FROM EASTONVILLE ROAD CORRIDOR PH 1 FDR

INFO TAKEN FROM EASTONVILLE ROAD LONDONDERRY DR. TO REX 

RD.  FDR

Terra Nova Engineering

235600 FDR 12/22/2024



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALCULATED BY: QNA

FDR ~ PROPOSED SURFACE ROUTING SUMMARY

Design

Point(s)
Contributing Basins Area (AC)

Equivalent

CA(5)

Equivalent

CA(100)

Maximum

Tc
I(5) I(100) Q(5) Q(100)

Facility Size

Intensity Flow

12 OS-6 1.06 0.48 0.63 10.1 4.05 7.04 2 4 18"' RCP Culvert

13
TOTAL OFFISITE EX. STOCK 

POND INFLOW
69 396 EX STOCK POND

14 L1 3.79 1.71 2.24 16.1 3.36 5.69 6 13 10' Type R Sump Inlet

15 L2 2.00 0.90 1.18 12.8 3.70 6.34 3 7 5' Type R Sump Inlet

16 O1 2.82 1.27 1.66 13.5 3.62 6.19 5 10 10' Type R Sump Inlet

17 O2 0.59 0.27 0.35 15.5 3.42 5.80 1 2 5' Type R Sump Inlet

18
DESIGN POINTS 14-17 & 33-34 

AND BASIN 0S-4
21.05 5.12 5.43 16.1 3.36 5.69 17 31 Interim FSD Pond 2

19 Q1 & OS-Q1 5.78 2.60 3.41 22.4 2.88 4.78 8 16 10' Type R Sump Inlet

20 Q2 & OS-Q2 1.89 0.85 1.12 12.4 3.75 6.43 3 7 5' Type R Sump Inlet

21 R & OS-R 7.06 3.18 4.17 11.4 3.87 6.69 12 28 10' Type R At-grade Inlet

22 S1 & OS-S1 & DP 21 FLOW BY 7.14 4.46 6.76 16.7 3.32 5.60 15 38 15' Type R Sump Inlet

23 S2 & OS-S2 0.31 0.14 0.18 12.6 3.72 6.39 1 1 15' Type R Sump Inlet

22 & 23 SPLIT
S1, OS-S1, S2, OS-S2, & DP 21 

FLOW BY
7.44 4.59 6.95 16.7 3.32 5.60 8 19 2-10' Type R Sump Inlets

24 T1 1.42 0.64 0.84 10.7 3.97 6.88 3 6 5' Type R Sump Inlets

25 T2 & OS-T2 1.99 0.90 1.18 13.5 3.63 6.20 3 7 5' Type R Sump Inlets

Per “Final Drainage Report for Waterbury Filing No. 1” dated September 2016, by Classic 

Consulting

Terra Nova Engineering
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JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALCULATED BY: QNA

FDR ~ PROPOSED SURFACE ROUTING SUMMARY

Design

Point(s)
Contributing Basins Area (AC)

Equivalent

CA(5)

Equivalent

CA(100)

Maximum

Tc
I(5) I(100) Q(5) Q(100)

Facility Size

Intensity Flow

26 U1 4.38 1.97 2.58 14.3 3.54 6.03 7 16 10' Type R Sump Inlets

27 U2 1.89 0.85 1.11 13.8 3.59 6.12 3 7 5' Type R Sump Inlets

28 W & OS-W 5.76 2.85 3.61 15.0 3.47 5.89 10 21 2-10' Type R Sump Inlets

29

BASINS Q1, Q2, R, S1, S2, T1, T2, U1, U2, 

V, W, X, OS-1, OS-2, OS-3A, OS-3B, OS-

S1, OS-S2, OS-T2, OS-R, OS-Q1, OS-Q2, 

OS-7, & OS-W

72.14 37.28 51.38 22.4 2.88 4.78 111 270 FSD POND 3

30 PR 45, Y & OS-10 3.76 1.71 6.31 13.5 3.62 6.19 6 39 Triple  36" RCP Culverts

30* DPEX7A 31 151 Triple  36" RCP Culverts

30**
FSD POND 3 EMERGENCY 

SPILLWAY RELEASE & ULTIMATE 

DP 30

308 Triple  36" RCP Culverts

30A   DP 30 & FSD POND RELEASE 7 97
EAST CHANNEL FULLY 

DEVELOPED UPSTREAM

30A* DP 30* & FSD POND 3 RELEASE 32 188
EAST CHANNEL FULLY DEVELOPED 

UPSTREAM W/ SPILLWAY RELEASE

31 V 0.54 0.24 0.32 5.0 5.00 9.06 1 3 3-18" DIA INLETS

32 X 0.43 0.19 0.25 5.0 5.00 9.06 1 2 2-18" DIA INLETS

33 O-3 0.56 0.25 0.33 5.0 5.00 9.06 1 3 4-18" DIA INLETS

34 O-4 0.38 0.17 0.23 5.0 5.00 9.06 1 2 3-18" DIA INLETS

EX5A* OS-2 & OS-8 13.96 1.03 4.11 18.38 3.17 5.32 8 33 NORTH BOUNDARY

ULTIMATE: DP 30 IS FLOW IN CHANNEL WHEN FUTURE UPSTRREAM WATERBURY FILINGS ARE DEVELOPED

INTERIM: 30*  IS FLOW IN CHANNEL PRIOR TO FUTURE UPSTRREAM WATERBURY FILINGS 

ULTIMATE DP 30** IS FLOW IN CHANNEL WHEN FUTURE UPSTRREAM WATERBURY FILINGS ARE DEVELOPED AND THE EMERGENCY SPILLWAY IS BREACHED

ULTIMATE 30A EAST CHANNEL FULLY DEVELOPED UPSTREAM

ULTIMATE 30A* EAST CHANNEL FULLY DEVELOPED UPSTREAM AND THE EMERGENCY SPILLWAY IS BREACHED

EX5A* IS TAKEN FROM THE EXISTING CONDITIONS TO SHOW THE FLOW IN THE DIVERSION SWALE E-E PRIOR TO THE DEVELOPMENT OF THE FUTURE UPSTREAM FILNGS.

UPSTREAM CHANNEL FLOW & POND 3 RELEASE

MHFD DETENTION  100Y PEAK INFLOW

MHFD DETENTION  100Y PEAK INFLOW

UNDEVELOPED UPSTREAM CHANNEL FLOW 

Terra Nova Engineering

235600 FDR 12/22/2024
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JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALCULATED BY: QNA

* PIPES ARE LISTED AT MAXIMUM SIZE REQUIRED TO ACCOMMODATE Q100 FLOWS AT MINIMUM GRADE.

REFER TO INDIVIDUAL PIPE SHEETS FOR HYDRAULIC INFORMATION.

FDR ~ PIPE ROUTING SUMMARY

Pipe Run
Contributing Design 

Points/Basins

Equivalent

CA(5)

Equivalent

CA(100)

Maximum

Tc
I(5) I(100) Q(5) Q(100)

Pipe Size*

1 DP 2 0.39 0.51 6.9 4.58 8.14 2 4 18"  RCP

2 DP 1 & 2 1.91 2.51 14.3 3.54 6.03 7 15 24" RCP

3 DP 3 1.03 1.36 14.2 3.55 6.05 4 8 18"  RCP

4 DP-4 1.61 2.11 14.8 3.49 5.93 6 13 18"  RCP

5 DP 3 & 4 2.64 3.47 14.8 3.49 5.93 9 21 24" RCP

6 DP 1-4 4.56 5.97 14.8 3.49 5.93 16 35 36" RCP

7 DP-1-5 6.20 8.12 14.8 3.49 5.93 22 48 36" RCP

8 DP-6 0.95 1.24 11.4 3.87 6.69 4 8 18"  RCP

9 DP-7 0.98 1.29 13.8 3.59 6.12 4 8 18"  RCP

10 DP-6 & 7 1.97 2.58 13.8 3.59 6.12 7 16 24" RCP

10A DP-7A 0.24 0.31 5.0 5.00 9.06 1 3 15" RCP

10B DP-6, 7, 7A, & 7B 2.51 3.30 13.8 3.59 6.12 9 20 24" RCP

10C POND 1 RELEASE 2.95 3.87 13.8 3.59 6.12 0.4 14.6 24" RCP

Intensity Flow

Terra Nova Engineering

235600 FDR 12/22/2024



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALCULATED BY: QNA

* PIPES ARE LISTED AT MAXIMUM SIZE REQUIRED TO ACCOMMODATE Q100 FLOWS AT MINIMUM GRADE.

REFER TO INDIVIDUAL PIPE SHEETS FOR HYDRAULIC INFORMATION.

FDR ~ PIPE ROUTING SUMMARY

Pipe Run
Contributing Design 

Points/Basins

Equivalent

CA(5)

Equivalent

CA(100)

Maximum

Tc
I(5) I(100) Q(5) Q(100)

Pipe Size*

Intensity Flow

11 DP-14 1.71 2.24 16.1 3.36 5.69 6 13 24" RCP

12 DP-15 0.90 1.18 12.8 3.70 6.34 3 7 18"  RCP

13 DP 14 & 15 2.61 3.42 16.1 3.36 5.69 9 19 30" RCP

14 DP 16 1.27 1.66 13.5 3.62 6.19 5 10 24" RCP

15 DP 14, 15 & 16 3.88 5.08 16.1 3.36 5.69 13 29 36" RCP

16 DP 17 0.27 0.35 15.5 3.42 5.80 1 2 18" RCP

17 DP 14, 15, 16, 17, 33, & 34 4.57 5.99 16.1 3.36 5.69 15 34 36" RCP

17A POND 2 RELEASE 0.2 14.8 18" RCP

18 DP 19 2.60 3.41 22.4 2.88 4.78 8 16 24" RCP

19 DP 20 0.85 1.12 12.4 3.75 6.43 3 7 18" RCP

20 DP 18 & 19 3.46 4.53 22.4 2.88 4.78 10 22 24" RCP

21 DP 21 PICK UP 8 14 18" RCP

22 DP 19, 20 & 21 6.23 7.46 22.4 2.88 4.78 18 36 30" RCP

23 DP 22 2.30 3.47 16.7 3.32 5.60 8 19 24" RCP

24 DP 23 2.30 3.47 16.7 3.32 5.60 8 19 24" RCP

25 DP 22 & 23 4.59 6.95 16.7 3.32 5.60 15 39 36" RCP

26 DP 19 -23 10.83 14.40 22.4 2.88 4.78 31 69 36" RCP

27 DP 24 0.64 0.84 10.7 3.97 6.88 3 6 18" RCP

Terra Nova Engineering

235600 FDR 12/22/2024



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALCULATED BY: QNA

* PIPES ARE LISTED AT MAXIMUM SIZE REQUIRED TO ACCOMMODATE Q100 FLOWS AT MINIMUM GRADE.

REFER TO INDIVIDUAL PIPE SHEETS FOR HYDRAULIC INFORMATION.

FDR ~ PIPE ROUTING SUMMARY

Pipe Run
Contributing Design 

Points/Basins

Equivalent

CA(5)

Equivalent

CA(100)

Maximum

Tc
I(5) I(100) Q(5) Q(100)

Pipe Size*

Intensity Flow

28 DP 25 0.90 1.18 13.5 3.63 6.20 3 7 18" RCP

29 DP 19-25 12.36 16.42 22.4 2.88 4.78 36 78 42" RCP

30 DP 26 1.97 2.58 14.3 3.54 6.03 7 16 24" RCP

31 DP 19-26 14.33 19.00 22.4 2.89 4.79 41 91 42" RCP

32 DP 27 0.85 1.11 13.8 3.59 6.12 3 7 18" RCP

33 DP 19-27, & 31 15.42 20.43 22.4 2.88 4.78 44 98 42" RCP

33A DPR 33 & PR 37 15.66 20.75 22.4 2.88 4.78 45 99 42" RCP

34 DP 28 SPLIT 1.42 1.81 15.0 3.47 5.89 5 11 24" RCP

34A  DP 28 & 32 3.04 3.86 13.84 3.59 6.12 11 24 30" RCP

35 Pond 3 Release 1.3 37.7 36" RCP

36 DP 30 269.3 TRIPLE 36" RCP

37 DP 31 0.24 0.32 5.00 5.00 9.06 1 3 12" HDPE

38 DP 32 0.19 0.25 5.00 5.00 9.06 1 2 12" HDPE

39 DP 33 0.25 0.33 5.00 5.00 9.06 1 3 12" HDPE

40 DP 34 0.17 0.23 5.00 5.00 9.06 1 2 12" HDPE

41 DP 9 4 24 30" RCP

42 DP 9A RELEASE 0.06 1 18" RCP

43 DP 9 & 9A 4 25 24" RCP

44 DP 10 RELEASE 0.3 5 18' RCP

45 PR 43 & 44 5 30 30" RCP

INFO TAKEN FROM EASTONVILLE ROAD CORRIDOR PH 1 FDR

Eastonville Road – Londonderry Drive to Rex Road Segment 1 Improvements 

FDR
Eastonville Road – Londonderry Drive to Rex Road Segment 1 Improvements 

FDR

MHFD UD-DETENTION POND RELEASE

FSD POND 3 EMERGCNEY SPILLWAY RELEASE

INFO TAKEN FROM EASTONVILLE ROAD CORRIDOR PH 1 FDR

INFO TAKEN FROM EASTONVILLE ROAD CORRIDOR PH 1 FDR

Terra Nova Engineering

235600 FDR 12/22/2024
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APPENDIX F 

HYDRAULIC CALCULATIONS 
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STREET CAPACITY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 .65 0.01

7.5 .5 0.03 0.11 7.50 7.50 0.71 0.09 0.03 1.03 0.02 0.59 0.73

8 .5 0.013 0.11 0.50 0.50 0.09

8 0 0.013 0.42 0.00 0.00 0.00

10 .125 0.018 0.34 2.00 2.00 1.22 0.52 0.02 5.63 0.49 1.23 7.31

35.5 .835 0.018 0.00 19.57 19.58 5.33 0.27 0.02 3.47 0.19 1.17 18.50

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
Modified Arterial Saybrook Rd @ 1.0%
Inputs
Water surface elevation .67  ft

Channel slope, S 1  % rise/run

Results
Q 26.55 cfs

0.
03

0.
01
3

0.
01
3

0.
01
8

0.
01
8

Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.

h

w h v

11/27/24, 10:43 AM Free Online Manning Irregular Channel Calculator

https://www.hawsedc.com/engcalcs/Manning-Irregular.php 1/1

javascript:EngCalcs.addSingleCalcRow()
javascript:EngCalcs.deleteSingleCalcRow()


Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 .65 0.03

7.5 .5 0.03 0.24 7.50 7.50 0.71 0.09 0.03 1.55 0.04 0.88 1.10

8 .5 0.013 0.24 0.50 0.50 0.09

8 0 0.013 0.94 0.00 0.00 0.00

10 .125 0.018 0.77 2.00 2.00 1.22 0.52 0.02 8.44 1.11 1.85 10.97

35.5 .835 0.018 0.00 19.57 19.58 5.33 0.27 0.02 5.20 0.42 1.76 27.75

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
Modified Arterial Saybrook Rd @ 2.25%
Inputs
Water surface elevation .67  ft

Channel slope, S 2.25  % rise/run

Results
Q 39.83 cfs

0.
03

0.
01
3

0.
01
3

0.
01
8

0.
01
8

Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.

h
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Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 .65 0.06

7.5 .5 0.03 0.47 7.50 7.50 0.71 0.09 0.03 2.17 0.07 1.24 1.54

8 .5 0.013 0.47 0.50 0.50 0.09

8 0 0.013 1.85 0.00 0.00 0.00

10 .125 0.018 1.50 2.00 2.00 1.22 0.52 0.02 11.83 2.17 2.59 15.38

35.5 .835 0.018 0.00 19.57 19.58 5.33 0.27 0.02 7.29 0.83 2.46 38.90

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
Modified Arterial Saybrook Rd @4.42%
Inputs
Water surface elevation .67  ft

Channel slope, S 4.42  % rise/run

Results
Q 55.82 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.

h

w h v
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Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

7.5 0.85 0.013 0.05 7.50 7.50 0.56 0.07 0.01 1.44 0.03 0.93 0.81

8 0.35 0.013 0.20 0.50 0.71 0.20 0.28 0.01 3.48 0.19 0.97 0.70

9.17 0.447 0.013 0.17 1.17 1.17 0.70 0.60 0.01 5.75 0.51 1.31 4.04

25 0.764 0.018 0.07 15.83 15.83 6.25 0.39 0.02 3.14 0.15 0.88 19.61

25 0.764 0.018 0.07 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
50' ROW 6" Curb Center Crown @ 0.50% - 7.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 0.50  % rise/run

Results
Q 25.15 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.
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Fish Camp Max Q100=16.0 cfs < 25.15 cfs
Masonboro Max Q100=4.0 cfs < 25.15 cfs
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Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

7.5 0.85 0.013 0.09 7.50 7.50 0.56 0.07 0.01 2.03 0.06 1.31 1.14

8 0.35 0.013 0.41 0.50 0.71 0.20 0.28 0.01 4.93 0.38 1.37 0.99

9.17 0.447 0.013 0.35 1.17 1.17 0.70 0.60 0.01 8.13 1.03 1.85 5.72

25 0.764 0.018 0.15 15.83 15.83 6.25 0.39 0.02 4.44 0.31 1.25 27.73

25 0.764 0.018 0.15 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
50' ROW 6" Curb Center Crown @ 1.00% - 7.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 1.00  % rise/run

Results
Q 35.57 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.
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9/20/24, 12:26 PM Free Online Manning Irregular Channel Calculator

https://www.hawsedc.com/engcalcs/Manning-Irregular.php 1/1

Sunken Meadow Max Q100=21.0 cfs < 35.57 cfs
Fish Camp Max Q100=16.0 cfs < 35.57 cfs
Manor Haven Max Q100=13.0 cfs < 35.57 cfs
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Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

7.5 0.85 0.013 0.12 7.50 7.50 0.56 0.07 0.01 2.27 0.08 1.46 1.28

8 0.35 0.013 0.51 0.50 0.71 0.20 0.28 0.01 5.51 0.47 1.54 1.10

9.17 0.447 0.013 0.43 1.17 1.17 0.70 0.60 0.01 9.09 1.28 2.07 6.39

25 0.764 0.018 0.18 15.83 15.83 6.25 0.39 0.02 4.96 0.38 1.39 31.00

25 0.764 0.018 0.18 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
50' ROW 6" Curb Center Crown @ 1.25% - 7.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 1.25  % rise/run

Results
Q 39.77 cfs

0.
01

3

0.
01

3
0.

01
3

0.
01

8

0
01

8

Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.

h
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Fish Camp Max Q100=16.0 cfs < 39.77 cfs
Megansett Max Q100=32.0 cfs < 39.77 cfs
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Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

7.5 0.85 0.013 0.14 7.50 7.50 0.56 0.07 0.01 2.49 0.10 1.60 1.40

8 0.35 0.013 0.61 0.50 0.71 0.20 0.28 0.01 6.03 0.57 1.68 1.21

9.17 0.447 0.013 0.52 1.17 1.17 0.70 0.60 0.01 9.95 1.54 2.26 7.00

25 0.764 0.018 0.22 15.83 15.83 6.25 0.39 0.02 5.44 0.46 1.53 33.96

25 0.764 0.018 0.22 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
50' ROW 6" Curb Center Crown @ 1.50% - 7.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 1.50  % rise/run

Results
Q 43.57 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.
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9/20/24, 12:59 PM Free Online Manning Irregular Channel Calculator

https://www.hawsedc.com/engcalcs/Manning-Irregular.php 1/1

Saybrook Max Q100=12.0 cfs < 43.57 cfs
Sandy Neck Max Q100=16.0 cfs < 43.57  cfs
Fish Camp Max Q100=16.0 cfs < 43.57  cfs
Manor Haven Max Q100=13.0 cfs < 43.57  cfs
Beech Creek Max Q100=13.0 cfs < 43.57  cfs
Muddy Pond Max Q100=28.0 cfs < 43.57 cfs
Masonboro Max Q100=4.0 cfs < 43.57  cfs
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Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

7.5 0.85 0.013 0.16 7.50 7.50 0.56 0.07 0.01 2.69 0.11 1.73 1.51

8 0.35 0.013 0.71 0.50 0.71 0.20 0.28 0.01 6.52 0.66 1.82 1.30

9.17 0.447 0.013 0.60 1.17 1.17 0.70 0.60 0.01 10.75 1.80 2.44 7.57

25 0.764 0.018 0.26 15.83 15.83 6.25 0.39 0.02 5.87 0.54 1.65 36.68

25 0.764 0.018 0.26 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
50' ROW 6" Curb Center Crown @ 1.75% - 7.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 1.75  % rise/run

Results
Q 47.06 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.
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Muddy Pond Max Q100=28.0 cfs < 47.06 cfs
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Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

7.5 0.85 0.013 0.19 7.50 7.50 0.56 0.07 0.01 2.87 0.13 1.85 1.62

8 0.35 0.013 0.81 0.50 0.71 0.20 0.28 0.01 6.97 0.75 1.94 1.39

9.17 0.447 0.013 0.69 1.17 1.17 0.70 0.60 0.01 11.49 2.05 2.61 8.09

25 0.764 0.018 0.29 15.83 15.83 6.25 0.39 0.02 6.28 0.61 1.76 39.21

25 0.764 0.018 0.29 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
50' ROW 6" Curb Center Crown @ 2.00% - 7.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 2.0  % rise/run

Results
Q 50.31 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.
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https://www.hawsedc.com/engcalcs/Manning-Irregular.php 1/1

Sunken Meadow Max Q100=21.0 cfs < 50.31 cfs
Fish Camp Max Q100=16.0 cfs < 50.31 cfs
Manor Haven Max Q100=13.0 cfs < 50.31 cfs
Beech Creek Max Q100=13.0 cfs < 50.31 cfs
Muddy Pond Max Q100=28.0 cfs < 50.31 cfs
Megansett Max Q100=32.0 cfs < 50.31 cfs
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Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

7.5 0.85 0.013 0.21 7.50 7.50 0.56 0.07 0.01 3.05 0.14 1.96 1.71

8 0.35 0.013 0.91 0.50 0.71 0.20 0.28 0.01 7.39 0.85 2.06 1.48

9.17 0.447 0.013 0.78 1.17 1.17 0.70 0.60 0.01 12.19 2.31 2.77 8.58

25 0.764 0.018 0.33 15.83 15.83 6.25 0.39 0.02 6.66 0.69 1.87 41.59

25 0.764 0.018 0.33 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
50' ROW 6" Curb Center Crown @ 2.25% - 7.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 2.25  % rise/run

Results
Q 53.36 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.
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Sandy Neck Max Q100=16.0 cfs < 53.36 cfs
Muddy Pond Max Q100=28.0 cfs < 53.36 cfs

javascript:EngCalcs.addSingleCalcRow()
javascript:EngCalcs.deleteSingleCalcRow()


Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

7.5 0.85 0.013 0.23 7.50 7.50 0.56 0.07 0.01 3.21 0.16 2.07 1.81

8 0.35 0.013 1.01 0.50 0.71 0.20 0.28 0.01 7.79 0.94 2.17 1.56

9.17 0.447 0.013 0.86 1.17 1.17 0.70 0.60 0.01 12.85 2.57 2.92 9.04

25 0.764 0.018 0.37 15.83 15.83 6.25 0.39 0.02 7.02 0.77 1.97 43.84

25 0.764 0.018 0.37 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
50' ROW 6" Curb Center Crown @ 2.50% - 7.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 2.5  % rise/run

Results
Q 56.25 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.
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Sunken Meadow Max Q100=21.0 cfs < 56.25 cfs
Manor Haven Max Q100=13.0 cfs < 56.25 cfs
Sandy Neck Max Q100=16.0 cfs < 56.25 cfs
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Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

7.5 0.85 0.013 0.26 7.50 7.50 0.56 0.07 0.01 3.37 0.18 2.17 1.90

8 0.35 0.013 1.12 0.50 0.71 0.20 0.28 0.01 8.17 1.04 2.28 1.63

9.17 0.447 0.013 0.95 1.17 1.17 0.70 0.60 0.01 13.48 2.82 3.06 9.48

25 0.764 0.018 0.41 15.83 15.83 6.25 0.39 0.02 7.36 0.84 2.07 45.98

25 0.764 0.018 0.41 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
50' ROW 6" Curb Center Crown @ 2.75% - 7.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 2.75  % rise/run

Results
Q 58.99 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.
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9/20/24, 12:33 PM Free Online Manning Irregular Channel Calculator

https://www.hawsedc.com/engcalcs/Manning-Irregular.php 1/1

Beech Creek Max Q100=13.0 cfs < 58.99 cfs
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Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

7.5 0.85 0.013 0.30 7.50 7.50 0.56 0.07 0.01 3.66 0.21 2.36 2.06

8 0.35 0.013 1.32 0.50 0.71 0.20 0.28 0.01 8.88 1.23 2.48 1.78

9.17 0.447 0.013 1.12 1.17 1.17 0.70 0.60 0.01 14.65 3.34 3.33 10.31

25 0.764 0.018 0.48 15.83 15.83 6.25 0.39 0.02 8.00 1.00 2.25 49.98

25 0.764 0.018 0.48 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
50' ROW 6" Curb Center Crown @ 3.25% - 7.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 3.25  % rise/run

Results
Q 64.13 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.
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9/20/24, 12:37 PM Free Online Manning Irregular Channel Calculator

https://www.hawsedc.com/engcalcs/Manning-Irregular.php 1/1

Sunken Meadow Max Q100=21.0 cfs < 64.13 cfs
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Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

7.5 0.85 0.013 0.37 7.50 7.50 0.56 0.07 0.01 4.07 0.26 2.62 2.29

8 0.35 0.013 1.62 0.50 0.71 0.20 0.28 0.01 9.85 1.51 2.75 1.97

9.17 0.447 0.013 1.38 1.17 1.17 0.70 0.60 0.01 16.25 4.11 3.70 11.44

25 0.764 0.018 0.59 15.83 15.83 6.25 0.39 0.02 8.88 1.23 2.49 55.45

25 0.764 0.018 0.59 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
50' ROW 6" Curb Center Crown @ 4.00% - 7.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 4.00  % rise/run

Results
Q 71.15 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.
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9/20/24, 12:37 PM Free Online Manning Irregular Channel Calculator
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Sunken Meadow Max Q100=21.0 cfs < 71.15 cfs
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Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

7.5 0.85 0.013 0.42 7.50 7.50 0.56 0.07 0.01 4.31 0.29 2.78 2.43

8 0.35 0.013 1.83 0.50 0.71 0.20 0.28 0.01 10.45 1.70 2.91 2.09

9.17 0.447 0.013 1.55 1.17 1.17 0.70 0.60 0.01 17.24 4.62 3.92 12.13

25 0.764 0.018 0.66 15.83 15.83 6.25 0.39 0.02 9.42 1.38 2.65 58.82

25 0.764 0.018 0.66 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
50' ROW 6" Curb Center Crown @ 4.50% - 7.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 4.50  % rise/run

Results
Q 75.46 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.

h
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9/20/24, 12:28 PM Free Online Manning Irregular Channel Calculator

https://www.hawsedc.com/engcalcs/Manning-Irregular.php 1/1

Fish Camp Max Q100=16.0 cfs < 75.46 cfs

javascript:EngCalcs.addSingleCalcRow()
javascript:EngCalcs.deleteSingleCalcRow()


Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

7.5 0.85 0.013 0.56 7.50 7.50 0.56 0.07 0.01 4.98 0.39 3.21 2.80

8 0.35 0.013 2.43 0.50 0.71 0.20 0.28 0.01 12.06 2.26 3.37 2.41

9.17 0.447 0.013 2.07 1.17 1.17 0.70 0.60 0.01 19.90 6.16 4.53 14.01

25 0.764 0.018 0.88 15.83 15.83 6.25 0.39 0.02 10.88 1.84 3.06 67.91

25 0.764 0.018 0.88 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
50' ROW 6" Curb Center Crown @ 6.00% - 7.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 6.00  % rise/run

Results
Q 87.14 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.
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9/20/24, 12:29 PM Free Online Manning Irregular Channel Calculator

https://www.hawsedc.com/engcalcs/Manning-Irregular.php 1/1

Fish Camp Max Q100=16.0 cfs < 87.14 cfs
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Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

17.5 0.65 0.013 0.12 17.50 17.50 3.06 0.17 0.01 2.65 0.11 1.12 8.12

18 0.15 0.013 0.29 0.50 0.71 0.30 0.42 0.01 4.79 0.36 1.09 1.44

19.17 0.247 0.013 0.26 1.17 1.17 0.94 0.80 0.01 7.30 0.83 1.44 6.84

35 0.564 0.018 0.15 15.83 15.83 9.41 0.59 0.02 4.33 0.29 0.99 40.73

35 0.564 0.018 0.15 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
70' ROW 6" Curb Center Crown @ 0.55% - 17.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 0.55  % rise/run

Results
Q 57.13 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.
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9/20/24, 12:20 PM Free Online Manning Irregular Channel Calculator

https://www.hawsedc.com/engcalcs/Manning-Irregular.php 1/1

Gilbert Max Q100=7.0 cfs < 57.13 cfs
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Cross section points +/- (or Copy/Paste using data area)
Point Segment Region

Sta

ft

Elev
ft

n
for seg-
ment

R , Q
region
boundary
(Bank)

Bot.
shear
τ
psf

T
ft

P
ft

A
ft^2

R
ft

Comp.
n

v
ft/sec

H
ft

Fr
Q
cfs

0 1 0.00

17.5 0.65 0.013 0.33 17.50 17.50 3.06 0.17 0.01 4.38 0.30 1.85 13.41

18 0.15 0.013 0.80 0.50 0.71 0.30 0.42 0.01 7.90 0.97 1.80 2.37

19.17 0.247 0.013 0.71 1.17 1.17 0.94 0.80 0.01 12.05 2.26 2.37 11.30

35 0.564 0.018 0.41 15.83 15.83 9.41 0.59 0.02 7.15 0.79 1.63 67.26

35 0.564 0.018 0.41 NaN 0.00 0.00 NaN NaN NaN NaN NaN 0.00

Irregular Channel Manning Uniform Flow Calculator

Waterbury Filing No. 1
70' ROW 6" Curb Center Crown @ 0.55% - 17.5' Back Conveyance @ 2.0%
Inputs
Water surface elevation 1  ft

Channel slope, S 1.5  % rise/run

Results
Q 94.35 cfs
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Notes
Composite n
This calculator follows HEC-RAS Reference Manual in calculating region composite n using Chow 1959, page 136, equation 6-17 (not 6-18).

Rock lining
Use the Manning Trapezoidal Channel Calculator to design rock lining. This calculator is more for natural sections.
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9/20/24, 12:21 PM Free Online Manning Irregular Channel Calculator

https://www.hawsedc.com/engcalcs/Manning-Irregular.php 1/1

Gilbert Max Q100=7.0 cfs < 94.35 cfs
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8-16 City of Colorado Springs 
Drainage Criteria Manual, Volume 1 

May 2014 

Chapter 8 Inlets 
 
 

 
 

 
 
 

Figure 8-11.  Inlet Capacity Chart Sump Conditions , Curb Opening (Type R) Inlet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Notes: 
1. The standard inlet parameters must apply to use this chart. 

    5’ Inlet 10’ Inlet     15’ Inlet 

Type R Inlet 

12 

10 

 

 

 

 

 
  10 15 20 25 30 35 40 45 

Inlet Capacity (cfs) 

Fl
ow

 D
ep

th
 (i

n)
 

5' @ 8"=10.0 cfs
10' @ 8"=16.1 cfs
15' @ 8"=22.2 cfs

DP 1 (10') Q100=12.0 cfs < 16.1 cfs
DP 2 (5') Q100=4.0 cfs < 10.0 cfs
DP 3 (5') Q100=8.0 cfs < 10.0 cfs
DP 4 (10') Q100=13.0 cfs < 16.1 cfs
DP 5 (10') Q100=16.0 cfs < 16.1 cfs
DP 6 (5') Q100=8.0 cfs < 10.0 cfs
DP 7 (5') Q100=8.0 cfs < 10.0 cfs
DP 14 (10') Q100=13.0 cfs < 16.1 cfs
DP 15 (5') Q100=7.0 cfs < 10.0 cfs
DP 16 (10') Q100=10.0 cfs < 16.1 cfs
DP 17 (5') Q100=2.0 cfs < 10.0 cfs
DP 19 (10') Q100=16.0 cfs < 16.1 cfs
DP 20 (5') Q100=7.0 cfs < 10.0 cfs
DP 22 (15') Q100=19.0 cfs < 22.2 cfs
DP 23 (15') Q100=19.0 cfs < 22.2 cfs

DP 24 (5') Q100=6.0 cfs < 10.0 cfs
DP 25 (5') Q100=7.0 cfs < 10.0 cfs
DP 26 (10') Q100=16.0 cfs < 16.1 cfs
DP 27 (5') Q100=7.0 cfs < 10.0 cfs
DP 28 ((2) 10') Q100=21.0cfs/2=10.5 cfs < 16.1 cfs

The inlets used have no modifications or deviations and
therefore are standard per the Type R specifications



Project:

Inlet ID:

Gutter Geometry (Enter data in the blue cells)

Maximum Allowable Width for Spread Behind Curb TBACK = 13.0 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.041 ft/ft

Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 23.0 ft

Gutter Width W = 2.00 ft

Street Transverse Slope SX = 0.020 ft/ft

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft

Street Longitudinal Slope - Enter 0 for sump condition SO = 0.013 ft/ft

Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.013

Minor Storm Major Storm

Max. Allowable Spread for Minor & Major Storm TMAX = 23.0 23.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.4 inches

Allow Flow Depth at Street Crown (leave blank for no) check = yes

Maximum Capacity for 1/2 Street based On Allowable Spread Minor Storm Major Storm

Water Depth without Gutter Depression (Eq. ST-2) y = 5.52 5.52 inches

Vertical Depth between Gutter Lip and Gutter Flowline (usually 2") dC = 2.0 2.0 inches

Gutter Depression (dC - (W * Sx * 12)) a = 1.51 1.51 inches

Water Depth at Gutter Flowline d = 7.03 7.03 inches

Allowable Spread for Discharge outside the Gutter Section W (T - W) TX = 21.0 21.0 ft

Gutter Flow to Design Flow Ratio by FHWA HEC-22 method (Eq. ST-7) EO = 0.256 0.256

Discharge outside the Gutter Section W, carried in Section TX QX = 24.2 24.2 cfs

Discharge within the Gutter Section W (QT - QX) QW = 8.3 8.3 cfs

Discharge Behind the Curb (e.g., sidewalk, driveways, & lawns) QBACK = 0.2 0.2 cfs

Maximum Flow Based On Allowable Spread QT = 32.7 32.7 cfs

Flow Velocity within the Gutter Section V = 8.3 8.3 fps

V*d Product: Flow Velocity times Gutter Flowline Depth V*d = 4.9 4.9

Maximum Capacity for 1/2 Street based on Allowable Depth Minor Storm Major Storm

Theoretical Water Spread TTH = 18.7 45.4 ft

Theoretical Spread for Discharge outside the Gutter Section W (T - W) TX TH = 16.7 43.4 ft

Gutter Flow to Design Flow Ratio by FHWA HEC-22 method (Eq. ST-7) EO = 0.318 0.125

Theoretical Discharge outside the Gutter Section W, carried in Section TX TH QX TH = 13.1 167.4 cfs

Actual Discharge outside the Gutter Section W, (limited by distance TCROWN) QX = 13.1 138.7 cfs

Discharge within the Gutter Section W (Qd - QX) QW = 6.1 24.0 cfs

Discharge Behind the Curb (e.g., sidewalk, driveways, & lawns) QBACK = 0.0 22.1 cfs

Total Discharge for Major & Minor Storm (Pre-Safety Factor) Q = 19.3 184.8 cfs

Average Flow Velocity Within the Gutter Section V = 7.3 12.6 fps

V*d Product: Flow Velocity Times Gutter Flowline Depth V*d = 3.7 13.1

Slope-Based Depth Safety Reduction Factor for Major & Minor (d > 6") Storm R = 1.00 1.00

Max Flow Based on Allowable Depth (Safety Factor Applied) Qd = 19.3 184.9 cfs

Resultant Flow Depth at Gutter Flowline (Safety Factor Applied) d = 6.00 12.40 inches

Resultant Flow Depth at Street Crown (Safety Factor Applied) dCROWN = 0.00 5.37 inches

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 19.3 32.7 cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Version 4.05  Released March 2017

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Gold Hill Mesa Filing No. 13

Inlet DP 7A

1



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a') aLOCAL = 3.0 3.0 inches

Total Number of Units in the Inlet (Grate or Curb Opening) No = 1 1

Length of a Single Unit Inlet (Grate or Curb Opening) Lo = 5.00 5.00 ft

Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = N/A N/A ft

Clogging Factor  for a Single Unit Grate (typical min. value = 0.5) Cf-G = N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf-C = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity' MINOR MAJOR

Total Inlet Interception Capacity Q = 1 2 cfs

Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0 1 cfs  

Capture Percentage = Qa/Qo = C% = 98 72 %

INLET ON A CONTINUOUS GRADE
Version 4.05  Released March 2017

CDOT Type R Curb Opening
CDOT Type R Curb Opening

1



Project:

Inlet ID:

Gutter Geometry (Enter data in the blue cells)

Maximum Allowable Width for Spread Behind Curb TBACK = 9.9 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.100 ft/ft

Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 43.5 ft

Gutter Width W = 2.00 ft

Street Transverse Slope SX = 0.020 ft/ft

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft

Street Longitudinal Slope - Enter 0 for sump condition SO = 0.013 ft/ft

Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.013

Minor Storm Major Storm

Max. Allowable Spread for Minor & Major Storm TMAX = 31.5 43.5 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 7.0 inches

Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = 19.3 32.3 cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Version 4.05  Released March 2017

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Gold Hill Mesa Filing No. 13

Inlet DP 7B

1



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a') aLOCAL = 3.0 3.0 inches

Total Number of Units in the Inlet (Grate or Curb Opening) No = 1 1

Length of a Single Unit Inlet (Grate or Curb Opening) Lo = 5.00 5.00 ft

Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = N/A N/A ft

Clogging Factor  for a Single Unit Grate (typical min. value = 0.5) Cf-G = N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf-C = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity' MINOR MAJOR

Total Inlet Interception Capacity Q = 1 2 cfs

Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0 1 cfs  

Capture Percentage = Qa/Qo = C% = 91 63 %

INLET ON A CONTINUOUS GRADE
Version 4.05  Released March 2017

CDOT Type R Curb Opening
CDOT Type R Curb Opening

1



Project:

Inlet ID:

Gutter Geometry (Enter data in the blue cells)

Maximum Allowable Width for Spread Behind Curb TBACK = 7.5 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft

Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.013

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 17.5 ft

Gutter Width W = 2.00 ft

Street Transverse Slope SX = 0.020 ft/ft

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft

Street Longitudinal Slope - Enter 0 for sump condition SO = 0.018 ft/ft

Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.013

Minor Storm Major Storm

Max. Allowable Spread for Minor & Major Storm TMAX = 11.5 17.5 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 7.8 inches

Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 7.0 19.0 cfs

WARNING: MINOR STORM max. allowable capacity is less than the design flow given on sheet 'Inlet Management'

WARNING: MAJOR STORM max. allowable capacity is less than the design flow given on sheet 'Inlet Management'

Version 4.05  Released March 2017

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Gold Hill Mesa Filing No. 13

Inlet DP 21

1



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a') aLOCAL = 3.0 3.0 inches

Total Number of Units in the Inlet (Grate or Curb Opening) No = 1 1

Length of a Single Unit Inlet (Grate or Curb Opening) Lo = 10.00 10.00 ft

Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = N/A N/A ft

Clogging Factor  for a Single Unit Grate (typical min. value = 0.5) Cf-G = N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf-C = 0.10 0.10

Street Hydraulics: WARNING: Q > ALLOWABLE Q FOR MINOR & MAJOR STORM MINOR MAJOR

Total Inlet Interception Capacity Q = 7 11 cfs

Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 5 17 cfs  

Capture Percentage = Qa/Qo = C% = 61 39 %

INLET ON A CONTINUOUS GRADE
Version 4.05  Released March 2017

CDOT Type R Curb Opening
CDOT Type R Curb Opening

1



3130 Verona Avenue • Buford, GA 30518 

(866) 888-8479 / (770) 932-2443 • Fax: (770) 932-2490

© Nyloplast Inlet Capacity Charts June 2012
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Nyloplast 18" Drop In Grate Inlet Capacity Chart

REAR YARD PRIVATE AREA INLETS

DP 31 Q100= 3 cfs / 3 Inlets = 1 cfs < 1.6 cfs
DP 32 Q100= 2 cfs / 2 Inlets = 1 cfs < 1.6 cfs
DP 33 Q100= 3 cfs / 4 Inlets = 0.75 cfs < 1.6 cfs
DP 34 Q100= 2 cfs / 3 Inlets = 0.66 cfs < 1.6 cfs

1.6 cfs



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
HGL CALCULATIONS



 PIPE RUN 1-7

CDurham
Text Box
Provide summary tables for this storm system
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Program:
UDSEWER Math
Model Interface
2.1.1.4
Run Date:
11/26/2024 1:39:23
PM

UDSewer Results Summary

Project Title: Pond 2 Outfall
Project Description: 100-year

System Input Summary

Rainfall Parameters

  Rainfall Return Period: 100
  Rainfall Calculation Method: Formula

  One Hour Depth (in):
  Rainfall Constant "A": 28.5
  Rainfall Constant "B": 10
  Rainfall Constant "C": 0.786

Rational Method Constraints

  Minimum Urban Runoff Coeff.: 0.20
  Maximum Rural Overland Len. (ft): 500
  Maximum Urban Overland Len. (ft): 300
  Used UDFCD Tc. Maximum: Yes

Sizer Constraints

  Minimum Sewer Size (in): 18.00
  Maximum Depth to Rise Ratio: 0.90
  Maximum Flow Velocity (fps): 18.0
  Minimum Flow Velocity (fps): 2.0

Backwater Calculations:

  Tailwater Elevation (ft): 6898.00

Manhole Input Summary:

Given Flow Sub Basin Information

Element
Name

Ground
Elevation

(ft)

Total
Known

Flow
(cfs)

Local
Contribution

(cfs)

Drainage
Area
(Ac.)

Runoff
Coefficient

5yr
Coefficient

Overland
Length

(ft)

Overland
Slope
(%)

Gutter
Length

(ft)

Gutter
Velocity

(fps)

Riprap
Spillway 6897.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

11/26/24, 3:16 PM UDSEWER Math Model Interface Results: Pond 2 Outfall 11/26/2024 13:39
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Pond 2
Outfall 6902.10 14.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Manhole Output Summary:

Local Contribution Total Design Flow

Element
Name

Overland
Time
(min)

Gutter
Time
(min)

Basin
Tc

(min)

Intensity
(in/hr)

Local
Contrib

(cfs)

Coeff.
Area

Intensity
(in/hr)

Manhole
Tc

(min)

Peak
Flow
(cfs)

Comment

Riprap
Spillway 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Surface Water Present

(Upstream)
Pond 2
Outfall 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.80 Surface Water Present

(Downstream)

Sewer Input Summary:

Elevation Loss Coefficients Given Dimensions

Element
Name

Sewer
Length

(ft)

Downstream
Invert

(ft)

Slope
(%)

Upstream
Invert

(ft)

Mannings
n

Bend
Loss

Lateral
Loss

Cross
Section

Rise
(ft or in)

Span
(ft or in)

Pond 2 Outfall 70.50 6897.02 2.1 6898.50 0.013 0.00 0.00 CIRCULAR 18.00 in 18.00 in

Sewer Flow Summary:

Full Flow
Capacity Critical Flow Normal Flow

Element
Name

Flow
(cfs)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Froude
Number

Flow
Condition

Flow
(cfs)

Surcharged
Length

(ft)
Comment

Pond 2
Outfall 15.26 8.64 16.81 8.62 14.28 9.84 1.56 Supercritical 14.80 0.00

A Froude number of 0 indicates that pressured flow occurs (adverse slope or undersized pipe).
If the sewer is not pressurized, full flow represents the maximum gravity flow in the sewer.
If the sewer is pressurized, full flow represents the pressurized flow conditions.

Sewer Sizing Summary:

Existing Calculated Used

Element
Name

Peak
Flow
(cfs)

Cross
Section Rise Span Rise Span Rise Span Area

(ft^2) Comment

Pond 2 Outfall 14.80 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77

Calculated diameter was determined by sewer hydraulic capacity rounded up to the nearest commercially available
size.

11/26/24, 3:16 PM UDSEWER Math Model Interface Results: Pond 2 Outfall 11/26/2024 13:39
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Sewer sizes should not decrease downstream.
All hydraulics where calculated using the 'Used' parameters.

Grade Line Summary:

Tailwater Elevation (ft): 6898.00

Invert Elev.
Downstream

Manhole
Losses

HGL EGL

Element
Name

Downstream
(ft)

Upstream
(ft)

Bend
Loss
(ft)

Lateral
Loss
(ft)

Downstream
(ft)

Upstream
(ft)

Downstream
(ft)

Friction
Loss
(ft)

Upstream
(ft)

Pond 2
Outfall 6897.02 6898.50 0.00 0.00 6898.21 6899.90 6899.71 1.34 6901.05

Bend and Lateral losses only apply when there is an outgoing sewer. The system outfall, sewer #0, is not
considered a sewer.
Bend loss = Bend K * V_fi ^ 2/(2*g)
Lateral loss = V_fo ^ 2/(2*g)- Junction Loss K * V_fi ^ 2/(2*g).
Friction loss is always Upstream EGL - Downstream EGL.

Excavation Estimate:

The trench side slope is 1.0 ft/ft
The minimum trench width is 2.00 ft

Downstream Upstream

Element
Name

Length
(ft)

Wall
(in)

Bedding
(in)

Bottom
Width

(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Volume
(cu. yd) Comment

Pond 2
Outfall 70.50 2.50 4.00 4.92 0.00 0.52 0.00 6.70 4.14 1.89 30.98 Sewer Too

Shallow

Total earth volume for sewer trenches = 31 cubic yards.

The trench was estimated to have a bottom width equal to the outer pipe diameter plus 36 inches.
If the calculated width of the trench bottom is less than the minimum acceptable width, the minimum acceptable
width was used.
The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1 inches
The sewer bedding thickness is equal to:

Four inches for pipes less than 33 inches.
Six inches for pipes less than 60 inches.
Eight inches for all larger sizes.

11/26/24, 3:16 PM UDSEWER Math Model Interface Results: Pond 2 Outfall 11/26/2024 13:39

file:///N:/jobs/2356.00/DRAINAGE/FILING 1 RE-SBMT/FDR 3RD SBMT 2024-12-6/J Work/Report - 100-year, PR 17A (Pond 2 Outlet).html 3/3



0.00 7.00 14.00 21.00 28.00 35.00 42.00 49.00 56.00 63.00 70.00
6896.49

6897.09

6897.69

6898.29

6898.89

6899.49

6900.09

6900.69

6901.29

6901.89

HGL
EGL



PIPE RUN 18-33 & ASSOCIATED
LATERALS LAYOUT



Program:
UDSEWER Math
Model Interface
2.1.1.4
Run Date:
11/26/2024 2:27:27
PM

UDSewer Results Summary

Project Title: New UDSEWER System Module
Project Description: Default system

System Input Summary

Rainfall Parameters

  Rainfall Return Period: 5
  Rainfall Calculation Method: Formula

  One Hour Depth (in):
  Rainfall Constant "A": 28.5
  Rainfall Constant "B": 10
  Rainfall Constant "C": 0.786

Rational Method Constraints

  Minimum Urban Runoff Coeff.: 0.20
  Maximum Rural Overland Len. (ft): 500
  Maximum Urban Overland Len. (ft): 300
  Used UDFCD Tc. Maximum: Yes

Sizer Constraints

  Minimum Sewer Size (in): 18.00
  Maximum Depth to Rise Ratio: 0.90
  Maximum Flow Velocity (fps): 18.0
  Minimum Flow Velocity (fps): 2.0

Backwater Calculations:

  Tailwater Elevation (ft): 6927.75

Manhole Input Summary:

Given Flow Sub Basin Information

Element
Name

Ground
Elevation

(ft)

Total
Known

Flow
(cfs)

Local
Contribution

(cfs)

Drainage
Area
(Ac.)

Runoff
Coefficient

5yr
Coefficient

Overland
Length

(ft)

Overland
Slope
(%)

Gutter
Length

(ft)

Gutter
Velocity

(fps)

FSD 3 6924.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 33A 6931.20 45.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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PR 37 6931.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 33 6935.00 44.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 32 6935.06 3.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 31 6934.70 41.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 29 6941.90 36.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PR 29A 6941.40 36.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 28 6941.66 3.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 26 6947.10 31.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 25 6945.70 15.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 24 6945.98 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 23 6945.98 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 22 6952.18 18.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00
PR 20 6952.70 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 18 6953.15 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 19 6953.14 3.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR21 6952.61 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 27 6941.66 3.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 30 6935.06 7.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Manhole Output Summary:

Local Contribution Total Design Flow

Element
Name

Overland
Time
(min)

Gutter
Time
(min)

Basin
Tc

(min)

Intensity
(in/hr)

Local
Contrib

(cfs)

Coeff.
Area

Intensity
(in/hr)

Manhole
Tc

(min)

Peak
Flow
(cfs)

Comment

FSD 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Surface Water Present
(Upstream)

PR 33A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 45.00 Surface Water Present
(Downstream)

PR 37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
PR 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 44.00
PR 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.00
PR 31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 41.00
PR 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 36.00

PR 29A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 36.00
PR 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.00
PR 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 31.00
PR 25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15.00
PR 24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.00
PR 23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.00
PR 22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 18.00
PR 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00
PR 18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.00
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PR 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.00
PR21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.00
PR 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.00
PR 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.00

Sewer Input Summary:

Elevation Loss Coefficients Given Dimensions

Element
Name

Sewer
Length

(ft)

Downstream
Invert

(ft)

Slope
(%)

Upstream
Invert

(ft)

Mannings
n

Bend
Loss

Lateral
Loss

Cross
Section

Rise
(ft or in)

Span
(ft or in)

PR 33A 163.90 6924.25 1.0 6925.89 0.013 0.03 0.00 CIRCULAR 42.00 in 42.00 in
PR 37 7.57 6927.89 1.1 6927.97 0.013 1.00 0.00 CIRCULAR 12.00 in 12.00 in
PR 33 126.20 6925.89 1.0 6927.15 0.013 0.05 0.00 CIRCULAR 42.00 in 42.00 in
PR 32 11.86 6928.15 11.7 6929.54 0.013 0.38 0.00 CIRCULAR 18.00 in 18.00 in
PR 31 35.39 6927.15 1.0 6927.50 0.013 0.05 0.00 CIRCULAR 42.00 in 42.00 in
PR 29 274.51 6927.71 1.8 6932.65 0.013 1.32 0.00 CIRCULAR 42.00 in 42.00 in

PR 29A 83.18 6932.97 1.6 6934.30 0.013 1.32 0.00 CIRCULAR 42.00 in 42.00 in
PR 28 25.17 6935.79 3.0 6936.55 0.013 1.32 0.00 CIRCULAR 18.00 in 18.00 in
PR 26 345.95 6934.75 1.3 6939.25 0.013 0.05 0.00 CIRCULAR 36.00 in 36.00 in
PR 25 105.89 6939.54 1.2 6940.81 0.013 1.32 0.00 CIRCULAR 36.00 in 36.00 in
PR 24 25.67 6941.31 1.0 6941.57 0.013 1.32 0.00 CIRCULAR 24.00 in 24.00 in
PR 23 5.99 6941.31 1.0 6941.37 0.013 1.32 0.00 CIRCULAR 24.00 in 24.00 in
PR 22 289.84 6939.89 1.8 6945.11 0.013 0.05 0.00 CIRCULAR 30.00 in 30.00 in
PR 20 174.56 6946.11 1.0 6947.86 0.013 0.05 0.00 CIRCULAR 24.00 in 24.00 in
PR 18 7.33 6948.16 1.0 6948.23 0.013 0.38 0.00 CIRCULAR 24.00 in 24.00 in
PR 19 26.19 6948.36 1.0 6948.62 0.013 0.83 0.00 CIRCULAR 18.00 in 18.00 in
PR21 26.19 6946.62 2.0 6947.14 0.013 0.38 0.00 CIRCULAR 18.00 in 18.00 in
PR 27 5.17 6935.93 0.4 6935.95 0.013 1.32 0.00 CIRCULAR 18.00 in 18.00 in
PR 30 12.69 6928.99 4.3 6929.54 0.013 0.38 0.00 CIRCULAR 24.00 in 24.00 in

Sewer Flow Summary:

Full Flow Capacity Critical Flow Normal Flow

Element
Name

Flow
(cfs)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Froude
Number

Flow
Condition

Flow
(cfs)

Surcharged
Length

(ft)
Comment

PR 33A 100.88 10.49 25.10 7.50 19.65 10.19 1.60 Supercritical 45.00 0.00
PR 37 3.75 4.77 5.04 3.20 4.23 4.04 1.40 Supercritical 1.00 0.00
PR 33 100.88 10.49 24.81 7.44 19.40 10.13 1.60 Supercritical 44.00 0.00
PR 32 36.03 20.39 7.90 4.02 3.51 12.36 4.82 Supercritical 3.00 0.00
PR 31 100.88 10.49 23.91 7.25 18.64 9.94 1.61 Supercritical 41.00 0.00
PR 29 135.35 14.07 22.34 6.92 14.79 11.90 2.20 Supercritical 36.00 0.00
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PR 29A 127.60 13.26 22.34 6.92 15.26 11.40 2.07 Supercritical 36.00 0.00
PR 28 18.24 10.32 7.90 4.02 4.94 7.62 2.48 Supercritical 3.00 0.00
PR 26 76.25 10.79 21.66 6.98 15.98 10.23 1.79 Supercritical 31.00 0.00
PR 25 73.26 10.36 14.82 5.47 11.05 8.15 1.76 Supercritical 15.00 0.00
PR 24 22.68 7.22 12.08 5.05 9.84 6.59 1.48 Supercritical 8.00 0.00
PR 23 22.68 7.22 12.08 5.05 9.84 6.59 1.48 Supercritical 8.00 0.00
PR 22 55.18 11.24 17.24 6.17 11.79 10.05 2.07 Supercritical 18.00 0.00
PR 20 22.68 7.22 13.58 5.46 11.15 6.99 1.46 Supercritical 10.00 0.00
PR 18 22.68 7.22 12.08 5.05 9.84 6.59 1.48 Supercritical 8.00 0.00
PR 19 10.53 5.96 7.90 4.02 6.57 5.14 1.42 Supercritical 3.00 0.00
PR21 14.90 8.43 13.15 5.78 9.39 8.58 1.92 Supercritical 8.00 0.00
PR 27 6.66 3.77 7.90 4.02 8.47 3.67 0.88 Subcritical 3.00 0.00
PR 30 47.04 14.97 11.26 4.83 6.26 10.74 3.11 Supercritical 7.00 0.00

A Froude number of 0 indicates that pressured flow occurs (adverse slope or undersized pipe).
If the sewer is not pressurized, full flow represents the maximum gravity flow in the sewer.
If the sewer is pressurized, full flow represents the pressurized flow conditions.

Sewer Sizing Summary:

Existing Calculated Used

Element
Name

Peak
Flow
(cfs)

Cross
Section Rise Span Rise Span Rise Span Area

(ft^2) Comment

PR 33A 45.00 CIRCULAR 42.00 in 42.00 in 33.00 in 33.00 in 42.00 in 42.00 in 9.62

PR 37 1.00 CIRCULAR 12.00 in 12.00 in 18.00 in 18.00 in 12.00 in 12.00 in 0.79

Height is too small.
Width is too small.

Existing height is smaller
than the suggested height.
Existing width is smaller
than the suggested width.

PR 33 44.00 CIRCULAR 42.00 in 42.00 in 33.00 in 33.00 in 42.00 in 42.00 in 9.62
PR 32 3.00 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77
PR 31 41.00 CIRCULAR 42.00 in 42.00 in 33.00 in 33.00 in 42.00 in 42.00 in 9.62
PR 29 36.00 CIRCULAR 42.00 in 42.00 in 27.00 in 27.00 in 42.00 in 42.00 in 9.62

PR 29A 36.00 CIRCULAR 42.00 in 42.00 in 27.00 in 27.00 in 42.00 in 42.00 in 9.62
PR 28 3.00 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77
PR 26 31.00 CIRCULAR 36.00 in 36.00 in 27.00 in 27.00 in 36.00 in 36.00 in 7.07
PR 25 15.00 CIRCULAR 36.00 in 36.00 in 21.00 in 21.00 in 36.00 in 36.00 in 7.07
PR 24 8.00 CIRCULAR 24.00 in 24.00 in 18.00 in 18.00 in 24.00 in 24.00 in 3.14
PR 23 8.00 CIRCULAR 24.00 in 24.00 in 18.00 in 18.00 in 24.00 in 24.00 in 3.14
PR 22 18.00 CIRCULAR 30.00 in 30.00 in 21.00 in 21.00 in 30.00 in 30.00 in 4.91
PR 20 10.00 CIRCULAR 24.00 in 24.00 in 18.00 in 18.00 in 24.00 in 24.00 in 3.14
PR 18 8.00 CIRCULAR 24.00 in 24.00 in 18.00 in 18.00 in 24.00 in 24.00 in 3.14
PR 19 3.00 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77
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PR21 8.00 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77
PR 27 3.00 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77
PR 30 7.00 CIRCULAR 24.00 in 24.00 in 18.00 in 18.00 in 24.00 in 24.00 in 3.14

Calculated diameter was determined by sewer hydraulic capacity rounded up to the nearest commercially available
size.
Sewer sizes should not decrease downstream.
All hydraulics where calculated using the 'Used' parameters.

Grade Line Summary:

Tailwater Elevation (ft): 6927.75

Invert Elev.
Downstream

Manhole
Losses

HGL EGL

Element
Name

Downstream
(ft)

Upstream
(ft)

Bend
Loss
(ft)

Lateral
Loss
(ft)

Downstream
(ft)

Upstream
(ft)

Downstream
(ft)

Friction
Loss
(ft)

Upstream
(ft)

PR 33A 6924.25 6925.89 0.00 0.00 6927.75 6927.98 6928.09 0.77 6928.86
PR 37 6927.89 6927.97 0.03 0.00 6928.25 6928.39 6928.48 0.07 6928.55
PR 33 6925.89 6927.15 0.02 0.00 6928.00 6929.22 6929.10 0.98 6930.08
PR 32 6928.15 6929.54 0.02 0.00 6929.23 6930.76 6930.82 0.00 6930.82
PR 31 6927.15 6927.50 0.01 0.00 6929.23 6929.49 6930.23 0.07 6930.31
PR 29 6927.71 6932.65 0.29 0.00 6929.78 6934.51 6931.14 4.12 6935.26

PR 29A 6932.97 6934.30 0.29 0.00 6934.80 6936.16 6936.26 0.65 6936.91
PR 28 6935.79 6936.55 0.06 0.00 6936.22 6937.21 6937.11 0.35 6937.46
PR 26 6934.75 6939.25 0.01 0.00 6936.18 6941.05 6937.71 4.10 6941.81
PR 25 6939.54 6940.81 0.09 0.00 6941.80 6942.04 6941.90 0.61 6942.51
PR 24 6941.31 6941.57 0.13 0.00 6942.18 6942.58 6942.81 0.16 6942.97
PR 23 6941.31 6941.37 0.13 0.00 6942.18 6942.52 6942.81 0.00 6942.81
PR 22 6939.89 6945.11 0.01 0.00 6941.07 6946.55 6942.44 4.69 6947.14
PR 20 6946.11 6947.86 0.01 0.00 6947.04 6948.99 6947.80 1.65 6949.45
PR 18 6948.16 6948.23 0.04 0.00 6949.03 6949.35 6949.65 0.00 6949.65
PR 19 6948.36 6948.62 0.04 0.00 6949.41 6949.41 6949.49 0.08 6949.57
PR21 6946.62 6947.14 0.12 0.00 6947.40 6948.24 6948.54 0.21 6948.76
PR 27 6935.93 6935.95 0.06 0.00 6936.86 6936.86 6936.96 0.01 6936.97
PR 30 6928.99 6929.54 0.03 0.00 6929.52 6931.21 6931.31 0.00 6931.31

Bend and Lateral losses only apply when there is an outgoing sewer. The system outfall, sewer #0, is not
considered a sewer.
Bend loss = Bend K * V_fi ^ 2/(2*g)
Lateral loss = V_fo ^ 2/(2*g)- Junction Loss K * V_fi ^ 2/(2*g).
Friction loss is always Upstream EGL - Downstream EGL.
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Excavation Estimate:

The trench side slope is 1.0 ft/ft
The minimum trench width is 2.00 ft

Downstream Upstream

Element
Name

Length
(ft)

Wall
(in)

Bedding
(in)

Bottom
Width

(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Volume
(cu. yd) Comment

PR 33A 163.90 4.50 6.00 7.25 0.00 0.87 0.00 8.12 6.19 1.44 155.91 Sewer Too Shallow
PR 37 7.57 2.00 4.00 4.33 6.63 3.81 2.15 6.06 3.53 1.86 4.75 Sewer Too Shallow
PR 33 126.20 4.50 6.00 7.25 8.12 6.19 1.44 13.20 8.73 3.98 273.79 Sewer Too Shallow
PR 32 11.86 2.50 4.00 4.92 13.20 7.39 5.14 10.54 6.06 3.81 20.02
PR 31 35.39 4.50 6.00 7.25 13.21 8.73 3.98 11.90 8.08 3.33 89.20
PR 29 274.51 4.50 6.00 7.25 11.48 7.87 3.12 16.00 10.13 5.38 783.14

PR 29A 83.18 4.50 6.00 7.25 15.36 9.81 5.06 11.70 7.98 3.23 231.54
PR 28 25.17 2.50 4.00 4.92 10.71 6.15 3.90 9.72 5.65 3.40 33.64
PR 26 345.95 4.00 6.00 6.67 11.29 7.48 3.31 13.70 8.68 4.52 803.90
PR 25 105.89 4.00 6.00 6.67 13.12 8.39 4.23 7.78 5.72 1.56 205.59 Sewer Too Shallow
PR 24 25.67 3.00 4.00 5.50 7.77 4.97 2.14 7.82 4.99 2.16 27.30
PR 23 5.99 3.00 4.00 5.50 7.78 4.97 2.14 8.22 5.19 2.36 6.55
PR 22 289.84 3.50 6.00 6.08 12.91 8.00 4.42 12.64 7.86 4.28 638.17
PR 20 174.56 3.00 4.00 5.50 11.13 6.65 3.82 8.68 5.42 2.59 248.43
PR 18 7.33 3.00 4.00 5.50 8.09 5.13 2.29 8.84 5.50 2.67 8.54
PR 19 26.19 2.50 4.00 4.92 8.18 4.88 2.63 8.54 5.06 2.81 26.60
PR21 26.19 2.50 4.00 4.92 10.63 6.11 3.86 10.44 6.01 3.76 36.55
PR 27 5.17 2.50 4.00 4.92 10.44 6.01 3.76 10.92 6.25 4.00 7.37
PR 30 12.69 3.00 4.00 5.50 10.41 6.29 3.46 10.04 6.10 3.27 18.65

Total earth volume for sewer trenches = 3620 cubic yards.

The trench was estimated to have a bottom width equal to the outer pipe diameter plus 36 inches.
If the calculated width of the trench bottom is less than the minimum acceptable width, the minimum acceptable
width was used.
The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1 inches
The sewer bedding thickness is equal to:

Four inches for pipes less than 33 inches.
Six inches for pipes less than 60 inches.
Eight inches for all larger sizes.
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Program:
UDSEWER Math
Model Interface
2.1.1.4
Run Date:
11/26/2024 2:30:17
PM

UDSewer Results Summary

Project Title: New UDSEWER System Module
Project Description: Default system

System Input Summary

Rainfall Parameters

  Rainfall Return Period: 100
  Rainfall Calculation Method: Formula

  One Hour Depth (in):
  Rainfall Constant "A": 28.5
  Rainfall Constant "B": 10
  Rainfall Constant "C": 0.786

Rational Method Constraints

  Minimum Urban Runoff Coeff.: 0.20
  Maximum Rural Overland Len. (ft): 500
  Maximum Urban Overland Len. (ft): 300
  Used UDFCD Tc. Maximum: Yes

Sizer Constraints

  Minimum Sewer Size (in): 18.00
  Maximum Depth to Rise Ratio: 0.90
  Maximum Flow Velocity (fps): 18.0
  Minimum Flow Velocity (fps): 2.0

Backwater Calculations:

  Tailwater Elevation (ft): 6927.75

Manhole Input Summary:

Given Flow Sub Basin Information

Element
Name

Ground
Elevation

(ft)

Total
Known

Flow
(cfs)

Local
Contribution

(cfs)

Drainage
Area
(Ac.)

Runoff
Coefficient

5yr
Coefficient

Overland
Length

(ft)

Overland
Slope
(%)

Gutter
Length

(ft)

Gutter
Velocity

(fps)

FSD 3 6924.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 33A 6931.20 99.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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PR 37 6931.00 3.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 33 6935.00 98.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 32 6935.06 7.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 31 6934.70 91.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 29 6941.90 78.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PR 29A 6941.40 78.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 27 6941.66 6.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 28 6941.66 7.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 26 6947.10 69.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 25 6945.70 39.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 24 6945.98 19.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 23 6945.98 19.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 22 6952.18 36.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00
PR 20 6952.70 22.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 18 6953.15 16.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 19 6953.14 7.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR21 6952.61 14.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 30 6935.06 16.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Manhole Output Summary:

Local Contribution Total Design Flow

Element
Name

Overland
Time
(min)

Gutter
Time
(min)

Basin
Tc

(min)

Intensity
(in/hr)

Local
Contrib

(cfs)

Coeff.
Area

Intensity
(in/hr)

Manhole
Tc

(min)

Peak
Flow
(cfs)

Comment

FSD 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Surface Water Present
(Upstream)

PR 33A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 99.00 Surface Water Present
(Downstream)

PR 37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.00
PR 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 98.00
PR 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.00
PR 31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 91.00
PR 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 78.00

PR 29A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 78.00
PR 27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00
PR 28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.00
PR 26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 69.00
PR 25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 39.00
PR 24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 19.00
PR 23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 19.00
PR 22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 36.00
PR 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 22.00
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PR 18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.00
PR 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.00
PR21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.00
PR 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.00

Sewer Input Summary:

Elevation Loss Coefficients Given Dimensions

Element
Name

Sewer
Length

(ft)

Downstream
Invert

(ft)

Slope
(%)

Upstream
Invert

(ft)

Mannings
n

Bend
Loss

Lateral
Loss

Cross
Section

Rise
(ft or in)

Span
(ft or in)

PR 33A 163.90 6924.25 1.0 6925.89 0.013 0.03 0.00 CIRCULAR 42.00 in 42.00 in
PR 37 7.57 6927.89 1.1 6927.97 0.013 1.00 0.00 CIRCULAR 12.00 in 12.00 in
PR 33 126.20 6925.89 1.0 6927.15 0.013 0.05 0.00 CIRCULAR 42.00 in 42.00 in
PR 32 11.86 6928.15 11.7 6929.54 0.013 0.38 0.00 CIRCULAR 18.00 in 18.00 in
PR 31 35.39 6927.15 1.0 6927.50 0.013 0.05 0.00 CIRCULAR 42.00 in 42.00 in
PR 29 274.51 6927.80 1.7 6932.47 0.013 1.32 0.00 CIRCULAR 42.00 in 42.00 in

PR 29A 83.18 6932.97 1.6 6934.30 0.013 1.32 0.00 CIRCULAR 42.00 in 42.00 in
PR 27 5.17 6935.80 2.9 6935.95 0.013 1.32 0.00 CIRCULAR 18.00 in 18.00 in
PR 28 25.17 6935.79 3.0 6936.55 0.013 1.32 0.00 CIRCULAR 18.00 in 18.00 in
PR 26 345.95 6934.75 1.3 6939.25 0.013 0.05 0.00 CIRCULAR 36.00 in 36.00 in
PR 25 105.89 6939.54 1.2 6940.81 0.013 1.32 0.00 CIRCULAR 36.00 in 36.00 in
PR 24 25.67 6941.31 1.0 6941.57 0.013 1.32 0.00 CIRCULAR 24.00 in 24.00 in
PR 23 5.99 6941.31 1.0 6941.37 0.013 1.32 0.00 CIRCULAR 24.00 in 24.00 in
PR 22 289.84 6939.89 1.8 6945.11 0.013 0.05 0.00 CIRCULAR 30.00 in 30.00 in
PR 20 174.56 6945.59 1.3 6947.86 0.013 0.05 0.00 CIRCULAR 24.00 in 24.00 in
PR 18 7.33 6948.16 1.0 6948.23 0.013 0.38 0.00 CIRCULAR 24.00 in 24.00 in
PR 19 26.19 6948.36 1.0 6948.62 0.013 0.83 0.00 CIRCULAR 18.00 in 18.00 in
PR21 26.19 6946.62 2.0 6947.14 0.013 0.38 0.00 CIRCULAR 18.00 in 18.00 in
PR 30 12.69 6928.99 4.3 6929.54 0.013 0.38 0.00 CIRCULAR 24.00 in 24.00 in

Sewer Flow Summary:

Full Flow Capacity Critical Flow Normal Flow

Element
Name

Flow
(cfs)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Froude
Number

Flow
Condition

Flow
(cfs)

Surcharged
Length

(ft)
Comment

PR 33A 100.88 10.49 36.68 11.11 33.74 11.95 1.22 Supercritical 99.00 0.00
PR 37 3.75 4.77 8.91 4.80 8.12 5.30 1.20 Pressurized 3.00 7.57
PR 33 100.88 10.49 36.54 11.03 33.39 11.95 1.24 Supercritical 98.00 0.00
PR 32 36.03 20.39 12.29 5.45 5.38 15.79 4.90 Pressurized 7.00 11.86
PR 31 100.88 10.49 35.48 10.50 31.21 11.87 1.32 Pressurized 91.00 35.39
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PR 29 131.53 13.67 33.14 9.58 23.28 14.25 2.00 Supercritical
Jump 78.00 132.86

PR 29A 127.60 13.26 33.14 9.58 23.72 13.92 1.93 Supercritical
Jump 78.00 51.28

PR 27 17.94 10.15 11.35 5.11 7.17 9.14 2.41 Pressurized 6.00 5.17
PR 28 18.24 10.32 12.29 5.45 7.74 9.64 2.43 Pressurized 7.00 25.17
PR 26 76.25 10.79 31.73 10.46 26.82 12.22 1.46 Supercritical 69.00 0.00
PR 25 73.26 10.36 24.39 7.65 18.68 10.53 1.67 Pressurized 39.00 105.89
PR 24 22.68 7.22 18.82 7.19 16.81 8.09 1.26 Pressurized 19.00 25.67
PR 23 22.68 7.22 18.82 7.19 16.81 8.09 1.26 Pressurized 19.00 5.99

PR 22 55.18 11.24 24.42 8.41 17.66 11.98 1.91 Supercritical
Jump 36.00 39.37

PR 20 25.86 8.23 20.10 7.83 17.01 9.24 1.42 Supercritical 22.00 0.00
PR 18 22.68 7.22 17.30 6.60 14.87 7.82 1.34 Pressurized 16.00 7.33
PR 19 10.53 5.96 12.29 5.45 10.72 6.38 1.30 Pressurized 7.00 26.19
PR21 14.90 8.43 16.58 8.23 13.87 9.58 1.57 Supercritical 14.00 0.00
PR 30 47.04 14.97 17.30 6.60 9.65 13.54 3.07 Pressurized 16.00 12.69

A Froude number of 0 indicates that pressured flow occurs (adverse slope or undersized pipe).
If the sewer is not pressurized, full flow represents the maximum gravity flow in the sewer.
If the sewer is pressurized, full flow represents the pressurized flow conditions.

Sewer Sizing Summary:

Existing Calculated Used

Element
Name

Peak
Flow
(cfs)

Cross
Section Rise Span Rise Span Rise Span Area

(ft^2) Comment

PR 33A 99.00 CIRCULAR 42.00 in 42.00 in 42.00 in 42.00 in 42.00 in 42.00 in 9.62

PR 37 3.00 CIRCULAR 12.00 in 12.00 in 18.00 in 18.00 in 12.00 in 12.00 in 0.79

Height is too small.
Width is too small.

Existing height is smaller
than the suggested height.
Existing width is smaller
than the suggested width.

PR 33 98.00 CIRCULAR 42.00 in 42.00 in 42.00 in 42.00 in 42.00 in 42.00 in 9.62
PR 32 7.00 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77
PR 31 91.00 CIRCULAR 42.00 in 42.00 in 42.00 in 42.00 in 42.00 in 42.00 in 9.62
PR 29 78.00 CIRCULAR 42.00 in 42.00 in 36.00 in 36.00 in 42.00 in 42.00 in 9.62

PR 29A 78.00 CIRCULAR 42.00 in 42.00 in 36.00 in 36.00 in 42.00 in 42.00 in 9.62
PR 27 6.00 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77
PR 28 7.00 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77
PR 26 69.00 CIRCULAR 36.00 in 36.00 in 36.00 in 36.00 in 36.00 in 36.00 in 7.07
PR 25 39.00 CIRCULAR 36.00 in 36.00 in 30.00 in 30.00 in 36.00 in 36.00 in 7.07
PR 24 19.00 CIRCULAR 24.00 in 24.00 in 24.00 in 24.00 in 24.00 in 24.00 in 3.14
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PR 23 19.00 CIRCULAR 24.00 in 24.00 in 24.00 in 24.00 in 24.00 in 24.00 in 3.14
PR 22 36.00 CIRCULAR 30.00 in 30.00 in 27.00 in 27.00 in 30.00 in 30.00 in 4.91
PR 20 22.00 CIRCULAR 24.00 in 24.00 in 24.00 in 24.00 in 24.00 in 24.00 in 3.14
PR 18 16.00 CIRCULAR 24.00 in 24.00 in 24.00 in 24.00 in 24.00 in 24.00 in 3.14
PR 19 7.00 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77
PR21 14.00 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77
PR 30 16.00 CIRCULAR 24.00 in 24.00 in 18.00 in 18.00 in 24.00 in 24.00 in 3.14

Calculated diameter was determined by sewer hydraulic capacity rounded up to the nearest commercially available
size.
Sewer sizes should not decrease downstream.
All hydraulics where calculated using the 'Used' parameters.

Grade Line Summary:

Tailwater Elevation (ft): 6927.75

Invert Elev.
Downstream

Manhole
Losses

HGL EGL

Element
Name

Downstream
(ft)

Upstream
(ft)

Bend
Loss
(ft)

Lateral
Loss
(ft)

Downstream
(ft)

Upstream
(ft)

Downstream
(ft)

Friction
Loss
(ft)

Upstream
(ft)

PR 33A 6924.25 6925.89 0.00 0.00 6927.75 6928.95 6929.39 1.47 6930.86
PR 37 6927.89 6927.97 0.23 0.00 6930.86 6930.92 6931.09 0.05 6931.14
PR 33 6925.89 6927.15 0.08 0.00 6929.32 6930.20 6930.94 1.14 6932.08
PR 32 6928.15 6929.54 0.09 0.00 6931.93 6931.98 6932.18 0.05 6932.23
PR 31 6927.15 6927.50 0.07 0.00 6930.76 6931.05 6932.15 0.29 6932.44
PR 29 6927.80 6932.47 1.35 0.00 6932.77 6935.23 6933.79 2.87 6936.66

PR 29A 6932.97 6934.30 1.35 0.00 6936.98 6937.06 6938.00 0.48 6938.49
PR 27 6935.80 6935.95 0.24 0.00 6938.54 6938.56 6938.72 0.02 6938.74
PR 28 6935.79 6936.55 0.32 0.00 6938.56 6938.68 6938.81 0.11 6938.92
PR 26 6934.75 6939.25 0.07 0.00 6937.14 6941.89 6939.31 4.29 6943.59
PR 25 6939.54 6940.81 0.62 0.00 6943.74 6944.10 6944.22 0.36 6944.58
PR 24 6941.31 6941.57 0.75 0.00 6944.85 6945.03 6945.42 0.18 6945.60
PR 23 6941.31 6941.37 0.75 0.00 6944.85 6944.90 6945.42 0.04 6945.46
PR 22 6939.89 6945.11 0.04 0.00 6942.80 6947.14 6943.64 4.61 6948.24
PR 20 6945.59 6947.86 0.04 0.00 6947.18 6949.53 6948.33 2.15 6950.49
PR 18 6948.16 6948.23 0.15 0.00 6950.24 6950.27 6950.64 0.04 6950.68
PR 19 6948.36 6948.62 0.20 0.00 6950.45 6950.56 6950.69 0.12 6950.80
PR21 6946.62 6947.14 0.37 0.00 6947.77 6948.52 6949.20 0.37 6949.57
PR 30 6928.99 6929.54 0.15 0.00 6932.19 6932.25 6932.59 0.06 6932.66

Bend and Lateral losses only apply when there is an outgoing sewer. The system outfall, sewer #0, is not
considered a sewer.
Bend loss = Bend K * V_fi ^ 2/(2*g)
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Lateral loss = V_fo ^ 2/(2*g)- Junction Loss K * V_fi ^ 2/(2*g).
Friction loss is always Upstream EGL - Downstream EGL.

Excavation Estimate:

The trench side slope is 1.0 ft/ft
The minimum trench width is 2.00 ft

Downstream Upstream

Element
Name

Length
(ft)

Wall
(in)

Bedding
(in)

Bottom
Width

(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Volume
(cu. yd) Comment

PR 33A 163.90 4.50 6.00 7.25 0.00 0.87 0.00 8.12 6.19 1.44 155.91 Sewer Too Shallow
PR 37 7.57 2.00 4.00 4.33 6.63 3.81 2.15 6.06 3.53 1.86 4.75 Sewer Too Shallow
PR 33 126.20 4.50 6.00 7.25 8.12 6.19 1.44 13.20 8.73 3.98 273.79 Sewer Too Shallow
PR 32 11.86 2.50 4.00 4.92 13.20 7.39 5.14 10.54 6.06 3.81 20.02
PR 31 35.39 4.50 6.00 7.25 13.21 8.73 3.98 11.90 8.08 3.33 89.20
PR 29 274.51 4.50 6.00 7.25 11.29 7.77 3.02 16.36 10.31 5.56 792.47

PR 29A 83.18 4.50 6.00 7.25 15.36 9.81 5.06 11.70 7.98 3.23 231.54
PR 27 5.17 2.50 4.00 4.92 10.70 6.14 3.89 10.92 6.25 4.00 7.50
PR 28 25.17 2.50 4.00 4.92 10.71 6.15 3.90 9.72 5.65 3.40 33.64
PR 26 345.95 4.00 6.00 6.67 11.29 7.48 3.31 13.70 8.68 4.52 803.90
PR 25 105.89 4.00 6.00 6.67 13.12 8.39 4.23 7.78 5.72 1.56 205.59 Sewer Too Shallow
PR 24 25.67 3.00 4.00 5.50 7.77 4.97 2.14 7.82 4.99 2.16 27.30
PR 23 5.99 3.00 4.00 5.50 7.78 4.97 2.14 8.22 5.19 2.36 6.55
PR 22 289.84 3.50 6.00 6.08 12.91 8.00 4.42 12.64 7.86 4.28 638.17
PR 20 174.56 3.00 4.00 5.50 12.18 7.17 4.34 8.68 5.42 2.59 268.16
PR 18 7.33 3.00 4.00 5.50 8.09 5.13 2.29 8.84 5.50 2.67 8.54
PR 19 26.19 2.50 4.00 4.92 8.18 4.88 2.63 8.54 5.06 2.81 26.60
PR21 26.19 2.50 4.00 4.92 10.63 6.11 3.86 10.44 6.01 3.76 36.55
PR 30 12.69 3.00 4.00 5.50 10.41 6.29 3.46 10.04 6.10 3.27 18.65

Total earth volume for sewer trenches = 3649 cubic yards.

The trench was estimated to have a bottom width equal to the outer pipe diameter plus 36 inches.
If the calculated width of the trench bottom is less than the minimum acceptable width, the minimum acceptable
width was used.
The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1 inches
The sewer bedding thickness is equal to:

Four inches for pipes less than 33 inches.
Six inches for pipes less than 60 inches.
Eight inches for all larger sizes.
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PIPE RUN 34 & ASSOCIATED LATERALS LAYOUT



Program:
UDSEWER Math
Model Interface
2.1.1.4
Run Date:
11/26/2024 2:58:47
PM

UDSewer Results Summary

Project Title: New UDSEWER System Module
Project Description: Default system

System Input Summary

Rainfall Parameters

  Rainfall Return Period: 5
  Rainfall Calculation Method: Formula

  One Hour Depth (in):
  Rainfall Constant "A": 28.5
  Rainfall Constant "B": 10
  Rainfall Constant "C": 0.786

Rational Method Constraints

  Minimum Urban Runoff Coeff.: 0.20
  Maximum Rural Overland Len. (ft): 500
  Maximum Urban Overland Len. (ft): 300
  Used UDFCD Tc. Maximum: Yes

Sizer Constraints

  Minimum Sewer Size (in): 18.00
  Maximum Depth to Rise Ratio: 0.90
  Maximum Flow Velocity (fps): 18.0
  Minimum Flow Velocity (fps): 2.0

Backwater Calculations:

  Tailwater Elevation (ft): 6926.71

Manhole Input Summary:

Given Flow Sub Basin Information

Element
Name

Ground
Elevation

(ft)

Total
Known

Flow
(cfs)

Local
Contribution

(cfs)

Drainage
Area
(Ac.)

Runoff
Coefficient

5yr
Coefficient

Overland
Length

(ft)

Overland
Slope
(%)

Gutter
Length

(ft)

Gutter
Velocity

(fps)

FSD 3 6922.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 34A 6927.31 11.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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PIPE RUN 34 AND
ASSOCIATED LATERALS



PR 34 6927.31 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Manhole Output Summary:

Local Contribution Total Design Flow

Element
Name

Overland
Time
(min)

Gutter
Time
(min)

Basin
Tc

(min)

Intensity
(in/hr)

Local
Contrib

(cfs)

Coeff.
Area

Intensity
(in/hr)

Manhole
Tc

(min)

Peak
Flow
(cfs)

Comment

FSD 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Surface Water Present
(Upstream)

PR 34A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.00 Surface Water Present
(Downstream)

PR 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00

Sewer Input Summary:

Elevation Loss Coefficients Given Dimensions

Element
Name

Sewer
Length

(ft)

Downstream
Invert

(ft)

Slope
(%)

Upstream
Invert

(ft)

Mannings
n

Bend
Loss

Lateral
Loss

Cross
Section

Rise
(ft or in)

Span
(ft or in)

PR 34A 135.58 6922.20 0.6 6923.01 0.013 0.03 0.00 CIRCULAR 30.00 in 30.00 in
PR 34 35.34 6923.50 0.8 6923.78 0.013 0.05 0.00 CIRCULAR 18.00 in 18.00 in

Sewer Flow Summary:

Full Flow Capacity Critical Flow Normal Flow

Element
Name

Flow
(cfs)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Froude
Number

Flow
Condition

Flow
(cfs)

Surcharged
Length

(ft)
Comment

PR 34A 31.86 6.49 13.32 5.22 12.16 5.89 1.19 Pressurized 11.00 135.58
PR 34 9.42 5.33 10.32 4.77 9.32 5.41 1.21 Pressurized 5.00 35.34

A Froude number of 0 indicates that pressured flow occurs (adverse slope or undersized pipe).
If the sewer is not pressurized, full flow represents the maximum gravity flow in the sewer.
If the sewer is pressurized, full flow represents the pressurized flow conditions.

Sewer Sizing Summary:

Existing Calculated Used

Element
Name

Peak
Flow
(cfs)

Cross
Section Rise Span Rise Span Rise Span Area

(ft^2) Comment

PR 34A 11.00 CIRCULAR 30.00 in 30.00 in 21.00 in 21.00 in 30.00 in 30.00 in 4.91
PR 34 5.00 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77
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Calculated diameter was determined by sewer hydraulic capacity rounded up to the nearest commercially available
size.
Sewer sizes should not decrease downstream.
All hydraulics where calculated using the 'Used' parameters.

Grade Line Summary:

Tailwater Elevation (ft): 6926.71

Invert Elev.
Downstream

Manhole
Losses

HGL EGL

Element
Name

Downstream
(ft)

Upstream
(ft)

Bend
Loss
(ft)

Lateral
Loss
(ft)

Downstream
(ft)

Upstream
(ft)

Downstream
(ft)

Friction
Loss
(ft)

Upstream
(ft)

PR 34A 6922.20 6923.01 0.00 0.00 6926.71 6926.81 6926.79 0.10 6926.88
PR 34 6923.50 6923.78 0.01 0.00 6926.81 6926.89 6926.94 0.08 6927.02

Bend and Lateral losses only apply when there is an outgoing sewer. The system outfall, sewer #0, is not
considered a sewer.
Bend loss = Bend K * V_fi ^ 2/(2*g)
Lateral loss = V_fo ^ 2/(2*g)- Junction Loss K * V_fi ^ 2/(2*g).
Friction loss is always Upstream EGL - Downstream EGL.

Excavation Estimate:

The trench side slope is 1.0 ft/ft
The minimum trench width is 2.00 ft

Downstream Upstream

Element
Name

Length
(ft)

Wall
(in)

Bedding
(in)

Bottom
Width

(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Volume
(cu. yd) Comment

PR 34A 135.58 3.50 6.00 6.08 0.00 1.30 0.00 7.10 5.09 1.51 98.20 Sewer Too Shallow
PR 34 35.34 2.50 4.00 4.92 7.13 4.35 2.10 6.56 4.07 1.82 28.35 Sewer Too Shallow

Total earth volume for sewer trenches = 127 cubic yards.

The trench was estimated to have a bottom width equal to the outer pipe diameter plus 36 inches.
If the calculated width of the trench bottom is less than the minimum acceptable width, the minimum acceptable
width was used.
The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1 inches
The sewer bedding thickness is equal to:

Four inches for pipes less than 33 inches.
Six inches for pipes less than 60 inches.
Eight inches for all larger sizes.
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Program:
UDSEWER Math
Model Interface
2.1.1.4
Run Date:
11/26/2024 2:59:05
PM

UDSewer Results Summary

Project Title: New UDSEWER System Module
Project Description: Default system

System Input Summary

Rainfall Parameters

  Rainfall Return Period: 100
  Rainfall Calculation Method: Formula

  One Hour Depth (in):
  Rainfall Constant "A": 28.5
  Rainfall Constant "B": 10
  Rainfall Constant "C": 0.786

Rational Method Constraints

  Minimum Urban Runoff Coeff.: 0.20
  Maximum Rural Overland Len. (ft): 500
  Maximum Urban Overland Len. (ft): 300
  Used UDFCD Tc. Maximum: Yes

Sizer Constraints

  Minimum Sewer Size (in): 18.00
  Maximum Depth to Rise Ratio: 0.90
  Maximum Flow Velocity (fps): 18.0
  Minimum Flow Velocity (fps): 2.0

Backwater Calculations:

  Tailwater Elevation (ft): 6926.71

Manhole Input Summary:

Given Flow Sub Basin Information

Element
Name

Ground
Elevation

(ft)

Total
Known

Flow
(cfs)

Local
Contribution

(cfs)

Drainage
Area
(Ac.)

Runoff
Coefficient

5yr
Coefficient

Overland
Length

(ft)

Overland
Slope
(%)

Gutter
Length

(ft)

Gutter
Velocity

(fps)

FSD 3 6922.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PR 34A 6927.31 24.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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PR 34 6927.31 11.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Manhole Output Summary:

Local Contribution Total Design Flow

Element
Name

Overland
Time
(min)

Gutter
Time
(min)

Basin
Tc

(min)

Intensity
(in/hr)

Local
Contrib

(cfs)

Coeff.
Area

Intensity
(in/hr)

Manhole
Tc

(min)

Peak
Flow
(cfs)

Comment

FSD 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Surface Water Present
(Upstream)

PR 34A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 24.00 Surface Water Present
(Downstream)

PR 34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.00 Surface Water Present
(Upstream)

Sewer Input Summary:

Elevation Loss Coefficients Given Dimensions

Element
Name

Sewer
Length

(ft)

Downstream
Invert

(ft)

Slope
(%)

Upstream
Invert

(ft)

Mannings
n

Bend
Loss

Lateral
Loss

Cross
Section

Rise
(ft or in)

Span
(ft or in)

PR 34A 135.58 6922.20 0.6 6923.01 0.013 0.03 0.00 CIRCULAR 30.00 in 30.00 in
PR 34 35.34 6923.50 0.8 6923.78 0.013 0.05 0.00 CIRCULAR 18.00 in 18.00 in

Sewer Flow Summary:

Full Flow Capacity Critical Flow Normal Flow

Element
Name

Flow
(cfs)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Froude
Number

Flow
Condition

Flow
(cfs)

Surcharged
Length

(ft)
Comment

PR 34A 31.86 6.49 20.02 6.90 19.45 7.13 1.06 Pressurized 24.00 135.58
PR 34 9.42 5.33 18.00 6.22 18.00 6.22 0.00 Pressurized 11.00 35.34

A Froude number of 0 indicates that pressured flow occurs (adverse slope or undersized pipe).
If the sewer is not pressurized, full flow represents the maximum gravity flow in the sewer.
If the sewer is pressurized, full flow represents the pressurized flow conditions.

Sewer Sizing Summary:

Existing Calculated Used

Element
Name

Peak
Flow
(cfs)

Cross
Section Rise Span Rise Span Rise Span Area

(ft^2) Comment

PR 34A 24.00 CIRCULAR 30.00 in 30.00 in 30.00 in 30.00 in 30.00 in 30.00 in 4.91
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PR 34 11.00 CIRCULAR 18.00 in 18.00 in 21.00 in 21.00 in 18.00 in 18.00 in 1.77

Existing height is smaller
than the suggested height.
Existing width is smaller
than the suggested width.
Exceeds max. Depth/Rise

Calculated diameter was determined by sewer hydraulic capacity rounded up to the nearest commercially available
size.
Sewer sizes should not decrease downstream.
All hydraulics where calculated using the 'Used' parameters.

Grade Line Summary:

Tailwater Elevation (ft): 6926.71

Invert Elev.
Downstream

Manhole
Losses

HGL EGL

Element
Name

Downstream
(ft)

Upstream
(ft)

Bend
Loss
(ft)

Lateral
Loss
(ft)

Downstream
(ft)

Upstream
(ft)

Downstream
(ft)

Friction
Loss
(ft)

Upstream
(ft)

PR 34A 6922.20 6923.01 0.00 0.00 6926.71 6927.17 6927.08 0.46 6927.54
PR 34 6923.50 6923.78 0.03 0.00 6927.20 6927.59 6927.80 0.39 6928.19

Bend and Lateral losses only apply when there is an outgoing sewer. The system outfall, sewer #0, is not
considered a sewer.
Bend loss = Bend K * V_fi ^ 2/(2*g)
Lateral loss = V_fo ^ 2/(2*g)- Junction Loss K * V_fi ^ 2/(2*g).
Friction loss is always Upstream EGL - Downstream EGL.

Excavation Estimate:

The trench side slope is 1.0 ft/ft
The minimum trench width is 2.00 ft

Downstream Upstream

Element
Name

Length
(ft)

Wall
(in)

Bedding
(in)

Bottom
Width

(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Volume
(cu. yd) Comment

PR 34A 135.58 3.50 6.00 6.08 0.00 1.30 0.00 7.10 5.09 1.51 98.20 Sewer Too Shallow
PR 34 35.34 2.50 4.00 4.92 7.13 4.35 2.10 6.56 4.07 1.82 28.35 Sewer Too Shallow

Total earth volume for sewer trenches = 127 cubic yards.

The trench was estimated to have a bottom width equal to the outer pipe diameter plus 36 inches.
If the calculated width of the trench bottom is less than the minimum acceptable width, the minimum acceptable
width was used.
The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1 inches
The sewer bedding thickness is equal to:

Four inches for pipes less than 33 inches.
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POND 3 OUTFALL (PR 35) LAYOUT



Program:
UDSEWER Math
Model Interface
2.1.1.4
Run Date:
11/26/2024 1:30:50
PM

UDSewer Results Summary

Project Title: Pond 3 Outfall
Project Description: 5-year

System Input Summary

Rainfall Parameters

  Rainfall Return Period: 5
  Rainfall Calculation Method: Formula

  One Hour Depth (in):
  Rainfall Constant "A": 28.5
  Rainfall Constant "B": 10
  Rainfall Constant "C": 0.786

Rational Method Constraints

  Minimum Urban Runoff Coeff.: 0.20
  Maximum Rural Overland Len. (ft): 500
  Maximum Urban Overland Len. (ft): 300
  Used UDFCD Tc. Maximum: Yes

Sizer Constraints

  Minimum Sewer Size (in): 18.00
  Maximum Depth to Rise Ratio: 0.90
  Maximum Flow Velocity (fps): 18.0
  Minimum Flow Velocity (fps): 2.0

Backwater Calculations:

  Tailwater Elevation (ft): 6918.62

Manhole Input Summary:

Given Flow Sub Basin Information

Element
Name

Ground
Elevation

(ft)

Total
Known

Flow
(cfs)

Local
Contribution

(cfs)

Drainage
Area
(Ac.)

Runoff
Coefficient

5yr
Coefficient

Overland
Length

(ft)

Overland
Slope
(%)

Gutter
Length

(ft)

Gutter
Velocity

(fps)

10x10
Riprap

6919.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Pad
Pond 3
Outfall 6927.05 1.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Manhole Output Summary:

Local Contribution Total Design Flow

Element
Name

Overland
Time
(min)

Gutter
Time
(min)

Basin
Tc

(min)

Intensity
(in/hr)

Local
Contrib

(cfs)

Coeff.
Area

Intensity
(in/hr)

Manhole
Tc

(min)

Peak
Flow
(cfs)

Comment

10x10
Riprap Pad 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Pond 3
Outfall 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.30 Surface Water Present

(Downstream)

Sewer Input Summary:

Elevation Loss Coefficients Given Dimensions

Element
Name

Sewer
Length

(ft)

Downstream
Invert

(ft)

Slope
(%)

Upstream
Invert

(ft)

Mannings
n

Bend
Loss

Lateral
Loss

Cross
Section

Rise
(ft or in)

Span
(ft or in)

Pond 3 Outfall 216.23 6918.99 1.3 6921.80 0.013 0.00 0.00 CIRCULAR 36.00 in 36.00 in

Sewer Flow Summary:

Full Flow
Capacity Critical Flow Normal Flow

Element
Name

Flow
(cfs)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Froude
Number

Flow
Condition

Flow
(cfs)

Surcharged
Length

(ft)
Comment

Pond 3
Outfall 76.25 10.79 4.23 2.79 3.27 4.07 1.67 Supercritical 1.30 0.00

A Froude number of 0 indicates that pressured flow occurs (adverse slope or undersized pipe).
If the sewer is not pressurized, full flow represents the maximum gravity flow in the sewer.
If the sewer is pressurized, full flow represents the pressurized flow conditions.

Sewer Sizing Summary:

Existing Calculated Used

Element
Name

Peak
Flow
(cfs)

Cross
Section Rise Span Rise Span Rise Span Area

(ft^2) Comment

Pond 3 Outfall 1.30 CIRCULAR 36.00 in 36.00 in 18.00 in 18.00 in 36.00 in 36.00 in 7.07
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Calculated diameter was determined by sewer hydraulic capacity rounded up to the nearest commercially available
size.
Sewer sizes should not decrease downstream.
All hydraulics where calculated using the 'Used' parameters.

Grade Line Summary:

Tailwater Elevation (ft): 6918.62

Invert Elev.
Downstream

Manhole
Losses

HGL EGL

Element
Name

Downstream
(ft)

Upstream
(ft)

Bend
Loss
(ft)

Lateral
Loss
(ft)

Downstream
(ft)

Upstream
(ft)

Downstream
(ft)

Friction
Loss
(ft)

Upstream
(ft)

Pond 3
Outfall 6918.99 6921.80 0.00 0.00 6919.26 6922.15 6919.52 2.75 6922.27

Bend and Lateral losses only apply when there is an outgoing sewer. The system outfall, sewer #0, is not
considered a sewer.
Bend loss = Bend K * V_fi ^ 2/(2*g)
Lateral loss = V_fo ^ 2/(2*g)- Junction Loss K * V_fi ^ 2/(2*g).
Friction loss is always Upstream EGL - Downstream EGL.

Excavation Estimate:

The trench side slope is 1.0 ft/ft
The minimum trench width is 2.00 ft

Downstream Upstream

Element
Name

Length
(ft)

Wall
(in)

Bedding
(in)

Bottom
Width

(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Volume
(cu. yd) Comment

Pond 3
Outfall 216.23 4.00 6.00 6.67 0.00 0.84 0.00 8.50 6.08 1.92 188.30 Sewer Too

Shallow

Total earth volume for sewer trenches = 188 cubic yards.

The trench was estimated to have a bottom width equal to the outer pipe diameter plus 36 inches.
If the calculated width of the trench bottom is less than the minimum acceptable width, the minimum acceptable
width was used.
The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1 inches
The sewer bedding thickness is equal to:

Four inches for pipes less than 33 inches.
Six inches for pipes less than 60 inches.
Eight inches for all larger sizes.
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Program:
UDSEWER Math
Model Interface
2.1.1.4
Run Date:
11/26/2024 2:43:21
PM

UDSewer Results Summary

Project Title: New UDSEWER System Module
Project Description: Default system

System Input Summary

Rainfall Parameters

  Rainfall Return Period: 100
  Rainfall Calculation Method: Formula

  One Hour Depth (in):
  Rainfall Constant "A": 28.5
  Rainfall Constant "B": 10
  Rainfall Constant "C": 0.786

Rational Method Constraints

  Minimum Urban Runoff Coeff.: 0.20
  Maximum Rural Overland Len. (ft): 500
  Maximum Urban Overland Len. (ft): 300
  Used UDFCD Tc. Maximum: Yes

Sizer Constraints

  Minimum Sewer Size (in): 18.00
  Maximum Depth to Rise Ratio: 0.90
  Maximum Flow Velocity (fps): 18.0
  Minimum Flow Velocity (fps): 2.0

Backwater Calculations:

  Tailwater Elevation (ft): 6922.00

Manhole Input Summary:

Given Flow Sub Basin Information

Element
Name

Ground
Elevation

(ft)

Total
Known

Flow
(cfs)

Local
Contribution

(cfs)

Drainage
Area
(Ac.)

Runoff
Coefficient

5yr
Coefficient

Overland
Length

(ft)

Overland
Slope
(%)

Gutter
Length

(ft)

Gutter
Velocity

(fps)

OUTFALL
1 6921.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PR 35 6926.54 50.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Manhole Output Summary:

Local Contribution Total Design Flow

Element
Name

Overland
Time
(min)

Gutter
Time
(min)

Basin
Tc

(min)

Intensity
(in/hr)

Local
Contrib

(cfs)

Coeff.
Area

Intensity
(in/hr)

Manhole
Tc

(min)

Peak
Flow
(cfs)

Comment

OUTFALL
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Surface Water Present

(Upstream)

PR 35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 50.50 Surface Water Present
(Downstream)

Sewer Input Summary:

Elevation Loss Coefficients Given Dimensions

Element
Name

Sewer
Length

(ft)

Downstream
Invert

(ft)

Slope
(%)

Upstream
Invert

(ft)

Mannings
n

Bend
Loss

Lateral
Loss

Cross
Section

Rise
(ft or in)

Span
(ft or in)

PR 35 216.23 6918.01 1.8 6921.90 0.013 0.03 0.00 CIRCULAR 36.00 in 36.00 in

Sewer Flow Summary:

Full Flow Capacity Critical Flow Normal Flow

Element
Name

Flow
(cfs)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Froude
Number

Flow
Condition

Flow
(cfs)

Surcharged
Length

(ft)
Comment

PR 35 89.73 12.69 27.75 8.64 19.32 13.07 2.03 Supercritical
Jump 50.50 80.68

A Froude number of 0 indicates that pressured flow occurs (adverse slope or undersized pipe).
If the sewer is not pressurized, full flow represents the maximum gravity flow in the sewer.
If the sewer is pressurized, full flow represents the pressurized flow conditions.

Sewer Sizing Summary:

Existing Calculated Used

Element
Name

Peak
Flow
(cfs)

Cross
Section Rise Span Rise Span Rise Span Area

(ft^2) Comment

PR 35 50.50 CIRCULAR 36.00 in 36.00 in 30.00 in 30.00 in 36.00 in 36.00 in 7.07

Calculated diameter was determined by sewer hydraulic capacity rounded up to the nearest commercially available
size.
Sewer sizes should not decrease downstream.
All hydraulics where calculated using the 'Used' parameters.
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Grade Line Summary:

Tailwater Elevation (ft): 6922.00

Invert Elev. Downstream Manhole
Losses HGL EGL

Element
Name

Downstream
(ft)

Upstream
(ft)

Bend
Loss
(ft)

Lateral
Loss
(ft)

Downstream
(ft)

Upstream
(ft)

Downstream
(ft)

Friction
Loss
(ft)

Upstream
(ft)

PR 35 6918.01 6921.90 0.00 0.00 6922.00 6924.21 6922.79 2.58 6925.37

Bend and Lateral losses only apply when there is an outgoing sewer. The system outfall, sewer #0, is not considered
a sewer.
Bend loss = Bend K * V_fi ^ 2/(2*g)
Lateral loss = V_fo ^ 2/(2*g)- Junction Loss K * V_fi ^ 2/(2*g).
Friction loss is always Upstream EGL - Downstream EGL.

Excavation Estimate:

The trench side slope is 1.0 ft/ft
The minimum trench width is 2.00 ft

Downstream Upstream

Element
Name

Length
(ft)

Wall
(in)

Bedding
(in)

Bottom
Width

(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Volume
(cu. yd) Comment

PR 35 216.23 4.00 6.00 6.67 0.00 3.83 0.00 7.28 5.47 1.31 248.61 Sewer Too Shallow

Total earth volume for sewer trenches = 249 cubic yards.

The trench was estimated to have a bottom width equal to the outer pipe diameter plus 36 inches.
If the calculated width of the trench bottom is less than the minimum acceptable width, the minimum acceptable
width was used.
The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1 inches
The sewer bedding thickness is equal to:

Four inches for pipes less than 33 inches.
Six inches for pipes less than 60 inches.
Eight inches for all larger sizes.
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0.00 21.60 43.20 64.80 86.40 108.00 129.60 151.20 172.80 194.40 216.00
6918.18

6919.08

6919.98

6920.88

6921.78

6922.68

6923.58

6924.48

6925.38

6926.28

HGL
EGL



WETLANDS OUTFALL (PR 41-45 &
ASSOCIATED LATERALS) LAYOUT



Program:
UDSEWER Math
Model Interface
2.1.1.4
Run Date:
11/26/2024 2:45:44
PM

UDSewer Results Summary

Project Title: New UDSEWER System Module
Project Description: Default system

System Input Summary

Rainfall Parameters

  Rainfall Return Period: 5
  Rainfall Calculation Method: Formula

  One Hour Depth (in):
  Rainfall Constant "A": 28.5
  Rainfall Constant "B": 10
  Rainfall Constant "C": 0.786

Rational Method Constraints

  Minimum Urban Runoff Coeff.: 0.20
  Maximum Rural Overland Len. (ft): 500
  Maximum Urban Overland Len. (ft): 300
  Used UDFCD Tc. Maximum: Yes

Sizer Constraints

  Minimum Sewer Size (in): 18.00
  Maximum Depth to Rise Ratio: 0.90
  Maximum Flow Velocity (fps): 18.0
  Minimum Flow Velocity (fps): 2.0

Backwater Calculations:

  Tailwater Elevation (ft): 0.00

Manhole Input Summary:

Given Flow Sub Basin Information

Element
Name

Ground
Elevation

(ft)

Total
Known

Flow
(cfs)

Local
Contribution

(cfs)

Drainage
Area
(Ac.)

Runoff
Coefficient

5yr
Coefficient

Overland
Length

(ft)

Overland
Slope
(%)

Gutter
Length

(ft)

Gutter
Velocity

(fps)

OUTFALL
1 6950.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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PIPE RUN
45-1 6956.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PIPE RUN
45-2 6972.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PIPE RUN
43-1 6973.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PIPE RUN
43-2 6980.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PIPE RUN
41 6980.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PIPE RUN
42 6981.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PIPE RUN
44-1 6970.00 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PI-PE
RUN 44-2 6965.00 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Manhole Output Summary:

Local Contribution Total Design Flow

Element
Name

Overland
Time
(min)

Gutter
Time
(min)

Basin
Tc

(min)

Intensity
(in/hr)

Local
Contrib

(cfs)

Coeff.
Area

Intensity
(in/hr)

Manhole
Tc

(min)

Peak
Flow
(cfs)

Comment

OUTFALL 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PIPE RUN

45-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 Surface Water Present
(Downstream)

PIPE RUN
45-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00

PIPE RUN
43-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00

PIPE RUN
43-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00

PIPE RUN
41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00

PIPE RUN
42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06

PIPE RUN
44-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.30

PI-PE RUN
44-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.30

Sewer Input Summary:

Elevation Loss Coefficients Given Dimensions

Element
Name

Sewer
Length

(ft)

Downstream
Invert

(ft)

Slope
(%)

Upstream
Invert

(ft)

Mannings
n

Bend
Loss

Lateral
Loss

Cross
Section

Rise
(ft or in)

Span
(ft or in)
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PIPE RUN 45-1 66.50 6950.01 1.0 6950.67 0.013 0.03 0.00 CIRCULAR 30.00 in 30.00 in
PIPE RUN 45-2 600.00 6950.75 0.9 6956.15 0.013 0.38 0.00 CIRCULAR 30.00 in 30.00 in
PIPE RUN 43-1 500.00 6957.66 2.2 6968.66 0.013 1.32 0.00 CIRCULAR 24.00 in 24.00 in
PIPE RUN 43-2 101.35 6968.97 2.0 6971.00 0.013 1.32 0.00 CIRCULAR 24.00 in 24.00 in
PIPE RUN 41 6.50 6976.00 1.2 6976.08 0.013 0.05 0.00 CIRCULAR 30.00 in 30.00 in
PIPE RUN 42 30.00 6977.01 3.3 6978.00 0.013 1.32 0.00 CIRCULAR 18.00 in 18.00 in

PIPE RUN 44-1 478.00 6958.15 0.6 6961.02 0.013 1.32 0.00 CIRCULAR 18.00 in 18.00 in
PI-PE RUN 44-2 129.30 6961.22 0.6 6962.00 0.013 0.38 0.00 CIRCULAR 18.00 in 18.00 in

Sewer Flow Summary:

Full Flow
Capacity Critical Flow Normal Flow

Element
Name

Flow
(cfs)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Froude
Number

Flow
Condition

Flow
(cfs)

Surcharged
Length

(ft)
Comment

PIPE RUN
45-1 41.13 8.38 8.85 4.13 7.06 5.67 1.55 Supercritical 5.00 0.00

PIPE RUN
45-2 39.02 7.95 8.85 4.13 7.25 5.46 1.47 Supercritical 5.00 0.00

PIPE RUN
43-1 33.64 10.71 8.42 4.07 5.59 7.20 2.21 Supercritical 4.00 0.00

PIPE RUN
43-2 32.08 10.21 8.42 4.07 5.72 6.96 2.11 Supercritical 4.00 0.00

PIPE RUN
41 45.05 9.18 7.89 3.88 6.04 5.67 1.68 Supercritical 4.00 0.00

PIPE RUN
42 19.13 10.83 1.08 1.40 0.74 2.44 2.12 Supercritical 0.06 0.00

PIPE RUN
44-1 8.16 4.62 2.42 2.11 2.36 2.20 1.05 Supercritical 0.30 0.00

PI-PE RUN
44-2 8.16 4.62 2.42 2.11 2.36 2.20 1.05 Supercritical 0.30 0.00

A Froude number of 0 indicates that pressured flow occurs (adverse slope or undersized pipe).
If the sewer is not pressurized, full flow represents the maximum gravity flow in the sewer.
If the sewer is pressurized, full flow represents the pressurized flow conditions.

Sewer Sizing Summary:

Existing Calculated Used

Element
Name

Peak
Flow
(cfs)

Cross
Section Rise Span Rise Span Rise Span Area

(ft^2) Comment

PIPE RUN 45-1 5.00 CIRCULAR 30.00 in 30.00 in 18.00 in 18.00 in 30.00 in 30.00 in 4.91
PIPE RUN 45-2 5.00 CIRCULAR 30.00 in 30.00 in 18.00 in 18.00 in 30.00 in 30.00 in 4.91
PIPE RUN 43-1 4.00 CIRCULAR 24.00 in 24.00 in 18.00 in 18.00 in 24.00 in 24.00 in 3.14
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PIPE RUN 43-2 4.00 CIRCULAR 24.00 in 24.00 in 18.00 in 18.00 in 24.00 in 24.00 in 3.14
PIPE RUN 41 4.00 CIRCULAR 30.00 in 30.00 in 18.00 in 18.00 in 30.00 in 30.00 in 4.91
PIPE RUN 42 0.06 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77

PIPE RUN 44-1 0.30 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77
PI-PE RUN 44-2 0.30 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77

Calculated diameter was determined by sewer hydraulic capacity rounded up to the nearest commercially available
size.
Sewer sizes should not decrease downstream.
All hydraulics where calculated using the 'Used' parameters.

Grade Line Summary:

Tailwater Elevation (ft): 0.00

Invert Elev.
Downstream

Manhole
Losses

HGL EGL

Element
Name

Downstream
(ft)

Upstream
(ft)

Bend
Loss
(ft)

Lateral
Loss
(ft)

Downstream
(ft)

Upstream
(ft)

Downstream
(ft)

Friction
Loss
(ft)

Upstream
(ft)

PIPE RUN
45-1 6950.01 6950.67 0.00 0.00 6950.59 6951.41 6951.09 0.58 6951.67

PIPE RUN
45-2 6950.75 6956.15 0.01 0.00 6951.41 6956.89 6951.82 5.33 6957.15

PIPE RUN
43-1 6957.66 6968.66 0.03 0.00 6958.13 6969.36 6958.93 10.69 6969.62

PIPE RUN
43-2 6968.97 6971.00 0.03 0.00 6969.45 6971.70 6970.20 1.76 6971.96

PIPE RUN
41 6976.00 6976.08 0.00 0.00 6976.51 6976.86 6977.00 0.00 6977.00

PIPE RUN
42 6977.01 6978.00 0.00 0.00 6977.07 6978.09 6977.16 0.96 6978.12

PIPE RUN
44-1 6958.15 6961.02 0.00 0.00 6958.35 6961.22 6958.42 2.87 6961.29

PI-PE RUN
44-2 6961.22 6962.00 0.00 0.00 6961.42 6962.20 6961.50 0.78 6962.27

Bend and Lateral losses only apply when there is an outgoing sewer. The system outfall, sewer #0, is not considered
a sewer.
Bend loss = Bend K * V_fi ^ 2/(2*g)
Lateral loss = V_fo ^ 2/(2*g)- Junction Loss K * V_fi ^ 2/(2*g).
Friction loss is always Upstream EGL - Downstream EGL.

Excavation Estimate:

The trench side slope is 1.0 ft/ft
The minimum trench width is 2.00 ft
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Downstream Upstream

Element
Name

Length
(ft)

Wall
(in)

Bedding
(in)

Bottom
Width

(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Volume
(cu. yd) Comment

PIPE RUN
45-1 66.50 3.50 6.00 6.08 0.00 0.79 0.00 9.16 6.12 2.54 54.67 Sewer Too

Shallow
PIPE RUN

45-2 600.00 3.50 6.00 6.08 9.00 6.04 2.46 30.20 16.64 13.06 3172.45

PIPE RUN
43-1 500.00 3.00 4.00 5.50 27.68 14.92 12.09 7.68 4.92 2.09 2160.49

PIPE RUN
43-2 101.35 3.00 4.00 5.50 7.05 4.61 1.78 17.00 9.58 6.75 209.70 Sewer Too

Shallow

PIPE RUN 41 6.50 3.50 6.00 6.08 6.50 4.79 1.21 6.34 4.71 1.13 6.96 Sewer Too
Shallow

PIPE RUN 42 30.00 2.50 4.00 4.92 5.48 3.53 1.28 5.50 3.54 1.29 19.41 Sewer Too
Shallow

PIPE RUN
44-1 478.00 2.50 4.00 4.92 27.20 14.39 12.14 17.46 9.52 7.27 2487.28

PI-PE RUN
44-2 129.30 2.50 4.00 4.92 17.05 9.32 7.07 5.50 3.54 1.29 239.74 Sewer Too

Shallow

Total earth volume for sewer trenches = 8351 cubic yards.

The trench was estimated to have a bottom width equal to the outer pipe diameter plus 36 inches.
If the calculated width of the trench bottom is less than the minimum acceptable width, the minimum acceptable
width was used.
The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1 inches
The sewer bedding thickness is equal to:

Four inches for pipes less than 33 inches.
Six inches for pipes less than 60 inches.
Eight inches for all larger sizes.

11/26/24, 3:15 PM UDSEWER Math Model Interface Results: New UDSEWER System Module 11/26/2024 14:45

file:///N:/jobs/2356.00/DRAINAGE/FILING 1 RE-SBMT/FDR 3RD SBMT 2024-12-6/J Work/Report - 5-year - Wetlands Outfall.html 5/5



0.0 127.4 254.8 382.2 509.6 637.0 764.4 891.8 1019.2 1146.6 1274.0
6947.00

6950.30

6953.60

6956.90

6960.20

6963.50

6966.80

6970.10

6973.40

6976.70

6980.00

HGL
EGL



0.00 3.00 6.00 9.00 12.00 15.00 18.00 21.00 24.00 27.00 30.00
6967.77

6969.07

6970.37

6971.67

6972.97

6974.27

6975.57

6976.87

6978.17

6979.47

6980.77

HGL
EGL



0.00 60.70 121.40 182.10 242.80 303.50 364.20 424.90 485.60 546.30 607.00
6948.63

6950.92

6953.22

6955.52

6957.82

6960.12

6962.42

6964.72

6967.02

6969.32

6971.62

HGL
EGL



Program:
UDSEWER Math
Model Interface
2.1.1.4
Run Date:
11/26/2024 2:48:41
PM

UDSewer Results Summary

Project Title: New UDSEWER System Module
Project Description: Default system

System Input Summary

Rainfall Parameters

  Rainfall Return Period: 100
  Rainfall Calculation Method: Formula

  One Hour Depth (in):
  Rainfall Constant "A": 28.5
  Rainfall Constant "B": 10
  Rainfall Constant "C": 0.786

Rational Method Constraints

  Minimum Urban Runoff Coeff.: 0.20
  Maximum Rural Overland Len. (ft): 500
  Maximum Urban Overland Len. (ft): 300
  Used UDFCD Tc. Maximum: Yes

Sizer Constraints

  Minimum Sewer Size (in): 18.00
  Maximum Depth to Rise Ratio: 0.90
  Maximum Flow Velocity (fps): 18.0
  Minimum Flow Velocity (fps): 2.0

Backwater Calculations:

  Tailwater Elevation (ft): 0.00

Manhole Input Summary:

Given Flow Sub Basin Information

Element
Name

Ground
Elevation

(ft)

Total
Known

Flow
(cfs)

Local
Contribution

(cfs)

Drainage
Area
(Ac.)

Runoff
Coefficient

5yr
Coefficient

Overland
Length

(ft)

Overland
Slope
(%)

Gutter
Length

(ft)

Gutter
Velocity

(fps)

OUTFALL
1 6950.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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WETLANDS OUTFALL (PR 41-45 AND
ASSOCIATED LATERALS)



PIPE RUN
45-1 6956.00 30.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PIPE RUN
45-2 6972.00 30.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PIPE RUN
43-1 6973.00 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PIPE RUN
43-2 6980.00 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PIPE RUN
41 6980.00 24.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PIPE RUN
42 6981.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PIPE RUN
44-1 6970.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PI-PE
RUN 44-2 6965.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Manhole Output Summary:

Local Contribution Total Design Flow

Element
Name

Overland
Time
(min)

Gutter
Time
(min)

Basin
Tc

(min)

Intensity
(in/hr)

Local
Contrib

(cfs)

Coeff.
Area

Intensity
(in/hr)

Manhole
Tc

(min)

Peak
Flow
(cfs)

Comment

OUTFALL 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PIPE RUN

45-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 30.00 Surface Water Present
(Downstream)

PIPE RUN
45-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 30.00

PIPE RUN
43-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 25.00

PIPE RUN
43-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 25.00

PIPE RUN
41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 24.00

PIPE RUN
42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00

PIPE RUN
44-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00

PI-PE RUN
44-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00

Sewer Input Summary:

Elevation Loss Coefficients Given Dimensions

Element
Name

Sewer
Length

(ft)

Downstream
Invert

(ft)

Slope
(%)

Upstream
Invert

(ft)

Mannings
n

Bend
Loss

Lateral
Loss

Cross
Section

Rise
(ft or in)

Span
(ft or in)

11/26/24, 3:16 PM UDSEWER Math Model Interface Results: New UDSEWER System Module 11/26/2024 14:48

file:///N:/jobs/2356.00/DRAINAGE/FILING 1 RE-SBMT/FDR 3RD SBMT 2024-12-6/J Work/Report - 100-year - Wetlands Outfall.html 2/5



PIPE RUN 45-1 66.50 6950.01 1.0 6950.67 0.013 0.03 0.00 CIRCULAR 30.00 in 30.00 in
PIPE RUN 45-2 600.00 6950.75 0.9 6956.15 0.013 0.38 0.00 CIRCULAR 30.00 in 30.00 in
PIPE RUN 43-1 500.00 6957.66 2.2 6968.66 0.013 1.32 0.00 CIRCULAR 24.00 in 24.00 in
PIPE RUN 43-2 101.35 6968.97 2.0 6971.00 0.013 1.32 0.00 CIRCULAR 24.00 in 24.00 in
PIPE RUN 41 6.50 6976.00 1.2 6976.08 0.013 0.05 0.00 CIRCULAR 30.00 in 30.00 in
PIPE RUN 42 30.00 6977.01 3.3 6978.00 0.013 1.32 0.00 CIRCULAR 18.00 in 18.00 in

PIPE RUN 44-1 478.00 6958.15 0.6 6961.02 0.013 1.32 0.00 CIRCULAR 18.00 in 18.00 in
PI-PE RUN 44-2 129.30 6961.22 0.6 6962.00 0.013 0.38 0.00 CIRCULAR 18.00 in 18.00 in

Sewer Flow Summary:

Full Flow
Capacity Critical Flow Normal Flow

Element
Name

Flow
(cfs)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Depth
(in)

Velocity
(fps)

Froude
Number

Flow
Condition

Flow
(cfs)

Surcharged
Length

(ft)
Comment

PIPE RUN
45-1 41.13 8.38 22.40 7.63 19.02 9.14 1.38 Supercritical 30.00 0.00

PIPE RUN
45-2 39.02 7.95 22.40 7.63 19.73 8.77 1.29 Supercritical 30.00 0.00

PIPE RUN
43-1 33.64 10.71 21.14 8.53 15.41 11.73 1.96 Supercritical 25.00 0.00

PIPE RUN
43-2 32.08 10.21 21.14 8.53 15.93 11.29 1.84 Pressurized 25.00 101.35

PIPE RUN
41 45.05 9.18 20.02 6.90 15.58 9.32 1.62 Supercritical 24.00 0.00

PIPE RUN
42 19.13 10.83 4.47 2.92 2.80 5.72 2.51 Supercritical 1.00 0.00

PIPE RUN
44-1 8.16 4.62 10.32 4.77 10.18 4.85 1.03 Supercritical 5.00 0.00

PI-PE RUN
44-2 8.16 4.62 10.32 4.77 10.18 4.85 1.03 Supercritical 5.00 0.00

A Froude number of 0 indicates that pressured flow occurs (adverse slope or undersized pipe).
If the sewer is not pressurized, full flow represents the maximum gravity flow in the sewer.
If the sewer is pressurized, full flow represents the pressurized flow conditions.

Sewer Sizing Summary:

Existing Calculated Used

Element
Name

Peak
Flow
(cfs)

Cross
Section Rise Span Rise Span Rise Span Area

(ft^2) Comment

PIPE RUN 45-1 30.00 CIRCULAR 30.00 in 30.00 in 27.00 in 27.00 in 30.00 in 30.00 in 4.91
PIPE RUN 45-2 30.00 CIRCULAR 30.00 in 30.00 in 30.00 in 30.00 in 30.00 in 30.00 in 4.91
PIPE RUN 43-1 25.00 CIRCULAR 24.00 in 24.00 in 24.00 in 24.00 in 24.00 in 24.00 in 3.14
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PIPE RUN 43-2 25.00 CIRCULAR 24.00 in 24.00 in 24.00 in 24.00 in 24.00 in 24.00 in 3.14
PIPE RUN 41 24.00 CIRCULAR 30.00 in 30.00 in 24.00 in 24.00 in 30.00 in 30.00 in 4.91
PIPE RUN 42 1.00 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77

PIPE RUN 44-1 5.00 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77
PI-PE RUN 44-2 5.00 CIRCULAR 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 18.00 in 1.77

Calculated diameter was determined by sewer hydraulic capacity rounded up to the nearest commercially available
size.
Sewer sizes should not decrease downstream.
All hydraulics where calculated using the 'Used' parameters.

Grade Line Summary:

Tailwater Elevation (ft): 0.00

Invert Elev.
Downstream

Manhole
Losses

HGL EGL

Element
Name

Downstream
(ft)

Upstream
(ft)

Bend
Loss
(ft)

Lateral
Loss
(ft)

Downstream
(ft)

Upstream
(ft)

Downstream
(ft)

Friction
Loss
(ft)

Upstream
(ft)

PIPE RUN
45-1 6950.01 6950.67 0.00 0.00 6951.59 6952.54 6952.89 0.55 6953.44

PIPE RUN
45-2 6950.75 6956.15 0.22 0.00 6953.03 6958.02 6953.66 5.26 6958.92

PIPE RUN
43-1 6957.66 6968.66 1.30 0.00 6959.31 6970.42 6961.08 10.47 6971.55

PIPE RUN
43-2 6968.97 6971.00 1.30 0.00 6971.87 6973.10 6972.85 1.23 6974.08

PIPE RUN
41 6976.00 6976.08 0.02 0.00 6977.30 6978.19 6978.65 0.00 6978.65

PIPE RUN
42 6977.01 6978.00 0.01 0.00 6977.24 6978.37 6977.75 0.75 6978.51

PIPE RUN
44-1 6958.15 6961.02 0.16 0.00 6959.00 6961.88 6959.37 2.87 6962.23

PI-PE RUN
44-2 6961.22 6962.00 0.05 0.00 6962.07 6962.86 6962.44 0.78 6963.21

Bend and Lateral losses only apply when there is an outgoing sewer. The system outfall, sewer #0, is not considered
a sewer.
Bend loss = Bend K * V_fi ^ 2/(2*g)
Lateral loss = V_fo ^ 2/(2*g)- Junction Loss K * V_fi ^ 2/(2*g).
Friction loss is always Upstream EGL - Downstream EGL.

Excavation Estimate:

The trench side slope is 1.0 ft/ft
The minimum trench width is 2.00 ft
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Downstream Upstream

Element
Name

Length
(ft)

Wall
(in)

Bedding
(in)

Bottom
Width

(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Top
Width

(ft)

Trench
Depth

(ft)

Cover
(ft)

Volume
(cu. yd) Comment

PIPE RUN
45-1 66.50 3.50 6.00 6.08 0.00 0.79 0.00 9.16 6.12 2.54 54.67 Sewer Too

Shallow
PIPE RUN

45-2 600.00 3.50 6.00 6.08 9.00 6.04 2.46 30.20 16.64 13.06 3172.45

PIPE RUN
43-1 500.00 3.00 4.00 5.50 27.68 14.92 12.09 7.68 4.92 2.09 2160.49

PIPE RUN
43-2 101.35 3.00 4.00 5.50 7.05 4.61 1.78 17.00 9.58 6.75 209.70 Sewer Too

Shallow

PIPE RUN 41 6.50 3.50 6.00 6.08 6.50 4.79 1.21 6.34 4.71 1.13 6.96 Sewer Too
Shallow

PIPE RUN 42 30.00 2.50 4.00 4.92 5.48 3.53 1.28 5.50 3.54 1.29 19.41 Sewer Too
Shallow

PIPE RUN
44-1 478.00 2.50 4.00 4.92 27.20 14.39 12.14 17.46 9.52 7.27 2487.28

PI-PE RUN
44-2 129.30 2.50 4.00 4.92 17.05 9.32 7.07 5.50 3.54 1.29 239.74 Sewer Too

Shallow

Total earth volume for sewer trenches = 8351 cubic yards.

The trench was estimated to have a bottom width equal to the outer pipe diameter plus 36 inches.
If the calculated width of the trench bottom is less than the minimum acceptable width, the minimum acceptable
width was used.
The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1 inches
The sewer bedding thickness is equal to:

Four inches for pipes less than 33 inches.
Six inches for pipes less than 60 inches.
Eight inches for all larger sizes.
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0.0 127.4 254.8 382.2 509.6 637.0 764.4 891.8 1019.2 1146.6 1274.0
6947.00

6950.30

6953.60

6956.90

6960.20

6963.50

6966.80

6970.10

6973.40

6976.70

6980.00

HGL
EGL



0.00 3.00 6.00 9.00 12.00 15.00 18.00 21.00 24.00 27.00 30.00
6967.77

6969.07

6970.37

6971.67

6972.97

6974.27

6975.57

6976.87

6978.17

6979.47

6980.77

HGL
EGL



0.00 60.70 121.40 182.10 242.80 303.50 364.20 424.90 485.60 546.30 607.00
6948.63

6950.92

6953.22

6955.52

6957.82

6960.12

6962.42

6964.72

6967.02

6969.32

6971.62

HGL
EGL



Manning Formula Uniform Pipe Flow at Given Slope and Depth

PIPE RUN 37
12" HDPE @ 1.00%

Inputs
Pipe diameter, d 12  in

Manning roughness, n 0.012

Pressure slope (possibly ? equal to pipe slope), S 1  % rise/run

Relative flow depth, y/d 67  %

Results
Flow depth, y 0.6700 ft
Flow area, a 0.5594 ft^2
Pipe area, a0 0.7854 ft^2
Relative area, a/a0 0.7122 fraction
Wetted perimeter, P 1.9177 ft
Hydraulic radius, R 0.2917 ft
Top width, T 0.9404 ft
Velocity, v 5.4461 ft/sec
Velocity head, h 0.4610 ft H2O
Froude number, F 1.25
Average shear stress (tractive force), tau 0.1821 psf
Flow, Q (See notes) 3.0462 cfs
Full flow, Q0 3.8593 cfs
Ratio to full flow, Q/Q0 0.7893 fraction

Notes:

This is the flow and depth inside an infinitely long pipe.
Getting the flow into the pipe may require significantly higher headwater depth. Add at least 1.5 times the velocity head to get the headwater depth
or see my 2-minute tutorial for standard culvert headwater calculations using HY-8.
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9/15/24, 9:56 AM Free Online Manning Pipe Flow Calculator

https://www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
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https://www.engineeringtoolbox.com/froude-number-d_578.html
https://www.youtube.com/watch?v=0O1Ezk8SVxU


Manning Formula Uniform Pipe Flow at Given Slope and Depth

PIPE RUN 38
12" HDPE @ 0.50%

Inputs
Pipe diameter, d 12  in

Manning roughness, n 0.012

Pressure slope (possibly ? equal to pipe slope), S 0.5  % rise/run

Relative flow depth, y/d 65  %

Results
Flow depth, y 0.6500 ft
Flow area, a 0.5404 ft^2
Pipe area, a0 0.7854 ft^2
Relative area, a/a0 0.6881 fraction
Wetted perimeter, P 1.8755 ft
Hydraulic radius, R 0.2881 ft
Top width, T 0.9539 ft
Velocity, v 3.8198 ft/sec
Velocity head, h 0.2268 ft H2O
Froude number, F 0.89
Average shear stress (tractive force), tau 0.0899 psf
Flow, Q (See notes) 2.0642 cfs
Full flow, Q0 2.7290 cfs
Ratio to full flow, Q/Q0 0.7564 fraction

Notes:

This is the flow and depth inside an infinitely long pipe.
Getting the flow into the pipe may require significantly higher headwater depth. Add at least 1.5 times the velocity head to get the headwater depth
or see my 2-minute tutorial for standard culvert headwater calculations using HY-8.
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Manning Formula Uniform Pipe Flow at Given Slope and Depth

PIPE RUN 39
12" HDPE @ 0.77%

Inputs
Pipe diameter, d 12  in

Manning roughness, n 0.012

Pressure slope (possibly ? equal to pipe slope), S 0.77  % rise/run

Relative flow depth, y/d 75  %

Results
Flow depth, y 0.7500 ft
Flow area, a 0.6319 ft^2
Pipe area, a0 0.7854 ft^2
Relative area, a/a0 0.8045 fraction
Wetted perimeter, P 2.0944 ft
Hydraulic radius, R 0.3017 ft
Top width, T 0.8660 ft
Velocity, v 4.8876 ft/sec
Velocity head, h 0.3713 ft H2O
Froude number, F 1.01
Average shear stress (tractive force), tau 0.1450 psf
Flow, Q (See notes) 3.0881 cfs
Full flow, Q0 3.3866 cfs
Ratio to full flow, Q/Q0 0.9119 fraction

Notes:

This is the flow and depth inside an infinitely long pipe.
Getting the flow into the pipe may require significantly higher headwater depth. Add at least 1.5 times the velocity head to get the headwater depth
or see my 2-minute tutorial for standard culvert headwater calculations using HY-8.
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Manning Formula Uniform Pipe Flow at Given Slope and Depth

PIPE RUN 40
12" HDPE @ 3.12%

Inputs
Pipe diameter, d 12  in

Manning roughness, n 0.012

Pressure slope (possibly ? equal to pipe slope), S 3.12  % rise/run

Relative flow depth, y/d 38  %

Results
Flow depth, y 0.3800 ft
Flow area, a 0.2739 ft^2
Pipe area, a0 0.7854 ft^2
Relative area, a/a0 0.3487 fraction
Wetted perimeter, P 1.3284 ft
Hydraulic radius, R 0.2062 ft
Top width, T 0.9708 ft
Velocity, v 7.6327 ft/sec
Velocity head, h 0.9054 ft H2O
Froude number, F 2.53
Average shear stress (tractive force), tau 0.4015 psf
Flow, Q (See notes) 2.0902 cfs
Full flow, Q0 6.8169 cfs
Ratio to full flow, Q/Q0 0.3066 fraction

Notes:

This is the flow and depth inside an infinitely long pipe.
Getting the flow into the pipe may require significantly higher headwater depth. Add at least 1.5 times the velocity head to get the headwater depth
or see my 2-minute tutorial for standard culvert headwater calculations using HY-8.
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CULVERT CALCULATIONS



Project:
Pipe ID:

Design Information (Input)
Pipe Invert Slope So = 0.0128 ft/ft

Pipe Manning's n-value n = 0.0130

Pipe Diameter D = 42.00 inches

Design discharge Q = 108.00 cfs

1

Full-Flow Capacity (Calculated)  

Full-flow area Af = 9.62 sq ft

Full-flow wetted perimeter Pf = 11.00 ft

Half Central Angle Theta = 3.14 radians

Full-flow capacity Qf = 114.13 cfs

Calculation of Normal Flow Condition  

Half Central Angle (0<Theta<3.14) Theta = 2.15 radians

Flow area An = 8.00 sq ft

Top width Tn = 2.92 ft

Wetted perimeter Pn = 7.54 ft

Flow depth Yn = 2.71 ft

Flow velocity Vn = 13.50 fps

Discharge Qn = 108.00 cfs

Percent of Full Flow Flow = 94.6% of full flow

Normal Depth Froude Number Frn = 1.44 supercritical

Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 2.50 radians

Critical flow area Ac = 9.12 sq ft

Critical top width Tc = 2.10 ft

Critical flow depth Yc = 3.15 ft

Critical flow velocity Vc = 11.84 fps

Critical Depth Froude Number Frc = 1.00

CIRCULAR CONDUIT FLOW (Normal & Critical Depth Computation)

Waterbury Fil #1
Gilbert Double Culvert for Design Point 11

MHFD-Culvert, Version 4.00 (May 2020)

235600 UD-Culvert Calcs - Gilbert Drive DP 11, Pipe 12/10/2024, 3:32 PM



Project: 
ID:

47187.82

X

Design Information (Input):
Circular Culvert: Barrel Diameter in Inches D = 42 inches

Inlet Edge Type (Choose from pull-down list) Square Edge with Headwall

OR:

Box Culvert: Barrel Height (Rise) in Feet H (Rise) = ft

Barrel Width (Span) in Feet W (Span) = ft

Inlet Edge Type (Choose from pull-down list)  

3.50

Number of Barrels # Barrels = 2

Inlet Elevation at Culvert Invert 6934.18 Elev IN = 6935.82 ft  

Outlet Elevation OR Slope 0.0128 Elev OUT = 6934.18 ft

Culvert Length L = 128 ft

Manning's Roughness n = 0.013

Bend Loss Coefficient Kb  = 0

Exit Loss Coefficient Kx  = 1

1

Design Information (calculated):
Entrance Loss Coefficient Ke = 0.50  

Friction Loss Coefficient Kf = 0.75  

Sum of All Loss Coefficients Ks = 2.25

Minimum Energy Condition Coefficient KElow = 0.0018  

Orifice Inlet Condition Coefficient Cd = 0.60  

Calculations of Culvert Capacity (output): Backwater calculations required to obtain Outlet Control Flowrate when HWo < 0.75 * Culvert Rise

Headwater Tailwater Inlet Inlet Outlet Controlling Flow

Surface Surface Control Control Control Culvert Control

Elevation Elevation Equation Flowrate Flowrate Flowrate Used

(ft) (ft) Used (cfs) (cfs) (cfs)

6935.82 No Flow (WS < inlet) 0.00 0.00 0.00 N/A

6936.07 Min. Energy. Eqn. 0.64 #N/A #N/A #N/A

6936.32 Min. Energy. Eqn. 2.62 #N/A #N/A #N/A

6936.57 Min. Energy. Eqn. 7.02 #N/A #N/A #N/A

6936.82 Min. Energy. Eqn. 12.14 #N/A #N/A #N/A

6937.07 Min. Energy. Eqn. 18.62 #N/A #N/A #N/A

6937.32 Min. Energy. Eqn. 26.26 #N/A #N/A #N/A

6937.57 Min. Energy. Eqn. 35.02 #N/A #N/A #N/A

6937.82 Regression Eqn. 43.04 #N/A #N/A #N/A

6938.07 Regression Eqn. 51.92 #N/A #N/A #N/A

6938.32 Regression Eqn. 61.62 #N/A #N/A #N/A

6938.57 Regression Eqn. 71.88 122.33 71.88 INLET

6938.82 Regression Eqn. 82.62 131.03 82.62 INLET

6939.07 Regression Eqn. 93.46 139.26 93.46 INLET

6939.32 Regression Eqn. 104.22 147.21 104.22 INLET

6939.57 Regression Eqn. 114.42 154.82 114.42 INLET

6939.82 Regression Eqn. 124.22 162.18 124.22 INLET

6940.07 Regression Eqn. 133.46 169.33 133.46 INLET

6940.32 Regression Eqn. 142.22 176.20 142.22 INLET

6940.57 Regression Eqn. 150.42 182.91 150.42 INLET

6940.82 Regression Eqn. 158.22 189.43 158.22 INLET

6941.07 Regression Eqn. 165.62 195.78 165.62 INLET

6941.32 Regression Eqn. 172.66 201.97 172.66 INLET

6941.57 Regression Eqn. 179.42 207.98 179.42 INLET

6941.82 Regression Eqn. 185.86 213.92 185.86 INLET

6942.07 Regression Eqn. 192.08 219.69 192.08 INLET

6942.32 Regression Eqn. 198.06 225.35 198.06 INLET

6942.57 Regression Eqn. 203.88 230.91 203.88 INLET

6942.82 Regression Eqn. 209.50 236.35 209.50 INLET

6943.07 Regression Eqn. 215.02 241.70 215.02 INLET

Processing Time: 00.40 Seconds

CULVERT SIZING (INLET vs. OUTLET CONTROL WITH TAILWATER EFFECTS)

Waterbury Fil #1
Gilbert Double Culvert for Design Point 11

MHFD-Culvert, Version 4.00 (May 2020)

235600 UD-Culvert Calcs - Gilbert Drive DP 11, Culvert Rating 12/10/2024, 3:34 PM



Project: 
ID:

CULVERT SIZING (INLET vs. OUTLET CONTROL WITH TAILWATER EFFECTS)

Waterbury Fil #1
Gilbert Double Culvert for Design Point 11

MHFD-Culvert, Version 4.00 (May 2020)
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235600 UD-Culvert Calcs - Gilbert Drive DP 11, Culvert Rating 12/10/2024, 3:34 PM



Project: 

ID: 

Soil Type:

Supercritical Flow!  Using Adjusted Diameter to calculate protection type.

Design Information:
Design Discharge Q = 216 cfs

Circular Culvert:

Barrel Diameter in Inches D = 42 inches

Inlet Edge Type (Choose from pull-down list) Beveled Edge (1:1)

OR:

Box Culvert: OR  

Barrel Height (Rise) in Feet H (Rise) = ft

Barrel Width (Span) in Feet W (Span) = ft

Inlet Edge Type (Choose from pull-down list)

Number of Barrels # Barrels = 2  

Inlet Elevation 6934.18 Elev IN = 6935.82 ft

Outlet Elevation OR Slope 0.0128 Elev OUT = 6934.18 ft

Culvert Length  L = 128 ft

Manning's Roughness n = 0.013

Bend Loss Coefficient kb = 0

Exit Loss Coefficient kx = 1

Tailwater Surface Elevation Yt, Elevation = 6935.518 ft

Max Allowable Channel Velocity V = 5 ft/s

Calculated Results: 1

Culvert Cross Sectional Area Available A = 9.62 ft
2

Culvert Normal Depth Yn = 2.71 ft

Culvert Critical Depth Yc = 3.15 ft

Froude Number Fr = 1.44 Supercritical!

Entrance Loss Coefficient ke = 0.20

Friction Loss Coefficient kf = 0.75

Sum of All Loss Coefficients ks = 1.95 ft

Headwater:
Inlet Control Headwater HWI = 6.80 ft

Outlet Control Headwater HWO = 5.50 ft

Design Headwater Elevation HW = 6942.62 ft

Headwater/Diameter OR Headwater/Rise Ratio HW/D = 1.94 HW/D > 1.5!

Outlet Protection:

Flow/(Diameter^2.5) Q/D^2.5 = 4.71 ft
0.5

/s

Tailwater Surface Height Yt = 1.34 ft

Tailwater/Diameter Yt/D = 0.38

Expansion Factor 1/(2*tan(Θ)) = 2.54

Flow Area at Max Channel Velocity At = 43.20 ft
2

Width of Equivalent Conduit for Multiple Barrels Weq = 7.00 ft

Length of Riprap Protection Lp = 35 ft

Width of Riprap Protection at Downstream End T = 21 ft

Adjusted Diameter for Supercritical Flow Da = 3.11 ft

Minimum Theoretical Riprap Size d50 min= 15 in

Nominal Riprap Size d50 nominal= 18 in

MHFD Riprap Type Type = H

DETERMINATION OF CULVERT HEADWATER AND OUTLET PROTECTION

Waterbury Fil #1

Gilbert Double Culvert for Design Point 11

MHFD-Culvert, Version 4.00 (May 2020)

Choose One:

Sandy

Non-Sandy

CDurham
Callout
Address what is being done for supercritical flow and HW/D being greater than 1.5



Project:
Pipe ID:

Design Information (Input)
Pipe Invert Slope So = 0.0575 ft/ft

Pipe Manning's n-value n = 0.0130

Pipe Diameter D = 18.00 inches

Design discharge Q = 4.00 cfs
1

Full-Flow Capacity (Calculated)  

Full-flow area Af = 1.77 sq ft

Full-flow wetted perimeter Pf = 4.71 ft

Half Central Angle Theta = 3.14 radians

Full-flow capacity Qf = 25.26 cfs

Calculation of Normal Flow Condition  

Half Central Angle (0<Theta<3.14) Theta = 1.09 radians

Flow area An = 0.38 sq ft

Top width Tn = 1.33 ft

Wetted perimeter Pn = 1.64 ft

Flow depth Yn = 0.40 ft

Flow velocity Vn = 10.44 fps

Discharge Qn = 4.00 cfs

Percent of Full Flow Flow = 15.8% of full flow

Normal Depth Froude Number Frn = 3.43 supercritical

Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 1.59 radians

Critical flow area Ac = 0.91 sq ft

Critical top width Tc = 1.50 ft

Critical flow depth Yc = 0.77 ft

Critical flow velocity Vc = 4.41 fps

Critical Depth Froude Number Frc = 1.00

CIRCULAR CONDUIT FLOW (Normal & Critical Depth Computation)

Waterbury Fil #1
Pipe Run #12 - Gilbert Road Side Ditch Culvert for Design Point 12

MHFD-Culvert, Version 4.00 (May 2020)

235600 UD-Culvert Calcs - Gilbert Rd DP-12, Pipe 10/1/2024, 9:38 AM



Project: 
ID:

47187.82

X

Design Information (Input):
Circular Culvert: Barrel Diameter in Inches D = 18 inches

Inlet Edge Type (Choose from pull-down list) Beveled Edge (1:1)

OR:

Box Culvert: Barrel Height (Rise) in Feet H (Rise) = ft

Barrel Width (Span) in Feet W (Span) = ft

Inlet Edge Type (Choose from pull-down list)  

1.50

Number of Barrels # Barrels = 1

Inlet Elevation at Culvert Invert 6934.42 Elev IN = 6940.17 ft  
Outlet Elevation OR Slope 0.0575 Elev OUT = 6934.42 ft

Culvert Length L = 100 ft

Manning's Roughness n = 0.013

Bend Loss Coefficient Kb  = 0

Exit Loss Coefficient Kx  = 1

1

Design Information (calculated):
Entrance Loss Coefficient Ke = 0.20  

Friction Loss Coefficient Kf = 1.81  

Sum of All Loss Coefficients Ks = 3.01

Minimum Energy Condition Coefficient KElow = -0.1813  

Orifice Inlet Condition Coefficient Cd = 0.65  

Calculations of Culvert Capacity (output): Backwater calculations required to obtain Outlet Control Flowrate when HWo < 0.75 * Culvert Rise

Headwater Tailwater Inlet Inlet Outlet Controlling Flow

Surface Surface Control Control Control Culvert Control

Elevation Elevation Equation Flowrate Flowrate Flowrate Used

(ft) (ft) Used (cfs) (cfs) (cfs)

6940.17 No Flow (WS < inlet) 0.00 0.00 0.00 N/A

6940.27 Min. Energy. Eqn. 0.04 #N/A #N/A #N/A

6940.37 Min. Energy. Eqn. 0.16 #N/A #N/A #N/A

6940.47 Min. Energy. Eqn. 0.41 #N/A #N/A #N/A

6940.57 Min. Energy. Eqn. 0.71 #N/A #N/A #N/A

6940.67 Min. Energy. Eqn. 1.11 #N/A #N/A #N/A

6940.77 Min. Energy. Eqn. 1.53 #N/A #N/A #N/A

6940.87 Min. Energy. Eqn. 2.04 #N/A #N/A #N/A

6940.97 Regression Eqn. 2.54 #N/A #N/A #N/A

6941.07 Regression Eqn. 3.05 #N/A #N/A #N/A

6941.17 Regression Eqn. 3.62 #N/A #N/A #N/A

6941.27 Regression Eqn. 4.24 #N/A #N/A #N/A

6941.37 Regression Eqn. 4.91 19.08 4.91 INLET

6941.47 Regression Eqn. 5.61 19.25 5.61 INLET

6941.57 Regression Eqn. 6.24 19.42 6.24 INLET

6941.67 Regression Eqn. 6.91 19.59 6.91 INLET

6941.77 Regression Eqn. 7.51 19.76 7.51 INLET

6941.87 Regression Eqn. 8.05 19.93 8.05 INLET

6941.97 Regression Eqn. 8.61 20.10 8.61 INLET

6942.07 Regression Eqn. 9.11 20.26 9.11 INLET

6942.17 Regression Eqn. 9.56 20.43 9.56 INLET

6942.27 Regression Eqn. 10.01 20.59 10.01 INLET

6942.37 Regression Eqn. 10.44 20.75 10.44 INLET

6942.47 Regression Eqn. 10.85 20.91 10.85 INLET

6942.57 Regression Eqn. 11.25 21.07 11.25 INLET

6942.67 Regression Eqn. 11.63 21.23 11.63 INLET

6942.77 Regression Eqn. 12.01 21.39 12.01 INLET

6942.87 Regression Eqn. 12.41 21.54 12.41 INLET

6942.97 Regression Eqn. 12.72 21.69 12.72 INLET

6943.07 Regression Eqn. 13.11 21.85 13.11 INLET

Processing Time: 00.20 Seconds

CULVERT SIZING (INLET vs. OUTLET CONTROL WITH TAILWATER EFFECTS)

Waterbury Fil #1
Pipe Run #12 - Gilbert Road Side Ditch Culvert for Design Point 12

MHFD-Culvert, Version 4.00 (May 2020)

235600 UD-Culvert Calcs - Gilbert Rd DP-12, Culvert Rating 10/1/2024, 9:38 AM



Project: 
ID:

< 0.75 * Culvert Rise

CULVERT SIZING (INLET vs. OUTLET CONTROL WITH TAILWATER EFFECTS)

Waterbury Fil #1
Pipe Run #12 - Gilbert Road Side Ditch Culvert for Design Point 12

MHFD-Culvert, Version 4.00 (May 2020)
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235600 UD-Culvert Calcs - Gilbert Rd DP-12, Culvert Rating 10/1/2024, 9:38 AM



Project: 

ID: 

Soil Type:

Supercritical Flow!  Using Adjusted Diameter to calculate protection type.

Design Information:
Design Discharge Q = 4 cfs

Circular Culvert:

Barrel Diameter in Inches D = 18 inches

Inlet Edge Type (Choose from pull-down list) Beveled Edge (1:1)

OR:

Box Culvert: OR  

Barrel Height (Rise) in Feet H (Rise) = ft

Barrel Width (Span) in Feet W (Span) = ft

Inlet Edge Type (Choose from pull-down list)

Number of Barrels # Barrels = 1  

Inlet Elevation 6934.42 Elev IN = 6940.17 ft

Outlet Elevation OR Slope 0.0575 Elev OUT = 6934.42 ft

Culvert Length  L = 100 ft

Manning's Roughness n = 0.013

Bend Loss Coefficient kb = 0

Exit Loss Coefficient kx = 1

Tailwater Surface Elevation Yt, Elevation = 6935.02 ft

Max Allowable Channel Velocity V = 5 ft/s

Calculated Results: 1

Culvert Cross Sectional Area Available A = 1.77 ft
2

Culvert Normal Depth Yn = 0.40 ft

Culvert Critical Depth Yc = 0.77 ft

Froude Number Fr = 3.43 Supercritical!

Entrance Loss Coefficient ke = 0.20

Friction Loss Coefficient kf = 1.81

Sum of All Loss Coefficients ks = 3.01 ft

Headwater:
Inlet Control Headwater HWI = 1.06 ft

Outlet Control Headwater HWO = N/A ft

Design Headwater Elevation HW = N/A ft

Headwater/Diameter OR Headwater/Rise Ratio HW/D = N/A

Outlet Control Headwater Approximation Method Inaccurate for Low Flow - Backwater Calculations Required

Outlet Protection:

Flow/(Diameter^2.5) Q/D^2.5 = 1.45 ft
0.5

/s

Tailwater Surface Height Yt = 0.60 ft

Tailwater/Diameter Yt/D = 0.40

Expansion Factor 1/(2*tan(Θ)) = 6.27

Flow Area at Max Channel Velocity At = 0.80 ft
2

Width of Equivalent Conduit for Multiple Barrels Weq = - ft

Length of Riprap Protection Lp = 5 ft

Width of Riprap Protection at Downstream End T = 3 ft

Adjusted Diameter for Supercritical Flow Da = 0.95 ft

Minimum Theoretical Riprap Size d50 min= 2 in

Nominal Riprap Size d50 nominal= 6 in

MHFD Riprap Type Type = VL

DETERMINATION OF CULVERT HEADWATER AND OUTLET PROTECTION

Waterbury Fil #1

Pipe Run #12 - Gilbert Road Side Ditch Culvert for Design Point 12

MHFD-Culvert, Version 4.00 (May 2020)

Choose One:

Sandy

Non-Sandy



Project =

ID =

Culvert Information (Input)
Barrel Diameter or Height D or H = 18.00 inches

Barrel Length L = 100.00 ft

Barrel Invert Slope So = 0.0575 ft/ft

Downstream Invert Elevation EDI = 6934.42 ft

Downstream Top Embankment Elevation EDT = 6942.00 ft

Upstream Top Embankment Elevation EUT = 6942.70 ft

Design Headwater Depth (not elev.) Hw = 1.06 ft

Tailwater Depth (not elev.) Yt  = 0.60 ft

Culvert Hydraulics (Calculated)
Available Headwater Depth HW-a = 2.53 ft

Design Hw/D ratio Hw/D = 0.71

Culvert Vertical Profile
Upstream Invert Elevation EUI = 6940.17 ft

Upstream Crown Elevation EUC = 6941.67 ft

Upstream Soil Cover Depth Upsoil = 1.03 ft

Downstream Crown Elevation EDC = 6935.92 ft

Downstream Soil Cover Depth Dnsoil = 6.08 ft

VERTICAL PROFILE FOR THE CULVERT

Waterbury Fil #1

Pipe Run #12 - Gilbert Road Side Ditch Culvert for Design Point 12

MHFD-Culvert, Version 4.00 (May 2020)

235600 UD-Culvert Calcs - Gilbert Rd DP-12, Profile 10/1/2024, 9:38 AM



Project:
Pipe ID:

Design Information (Input)
Pipe Invert Slope So = 0.0225 ft/ft

Pipe Manning's n-value n = 0.0130

Pipe Diameter D = 36.00 inches

Design discharge Q = 39.00 cfs
1

Full-Flow Capacity (Calculated)  

Full-flow area Af = 7.07 sq ft

Full-flow wetted perimeter Pf = 9.42 ft

Half Central Angle Theta = 3.14 radians

Full-flow capacity Qf = 100.32 cfs

Calculation of Normal Flow Condition  

Half Central Angle (0<Theta<3.14) Theta = 1.44 radians

Flow area An = 2.93 sq ft

Top width Tn = 2.97 ft

Wetted perimeter Pn = 4.31 ft

Flow depth Yn = 1.30 ft

Flow velocity Vn = 13.30 fps

Discharge Qn = 39.00 cfs

Percent of Full Flow Flow = 38.9% of full flow

Normal Depth Froude Number Frn = 2.36 supercritical

Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 1.93 radians

Critical flow area Ac = 5.10 sq ft

Critical top width Tc = 2.80 ft

Critical flow depth Yc = 2.03 ft

Critical flow velocity Vc = 7.65 fps

Critical Depth Froude Number Frc = 1.00

CIRCULAR CONDUIT FLOW (Normal & Critical Depth Computation)

Waterbury Fil #13
Pipe Run #36 - Sunken Meadow Triple Culvert for Design Point 30

MHFD-Culvert, Version 4.00 (May 2020)

235600 UD-Culvert Calcs - Sunken Meadow DP-30, Pipe 10/1/2024, 9:29 AM



Project: 
ID:

47187.82

X

Design Information (Input):
Circular Culvert: Barrel Diameter in Inches D = 36 inches

Inlet Edge Type (Choose from pull-down list) Beveled Edge (1:1)

OR:

Box Culvert: Barrel Height (Rise) in Feet H (Rise) = ft

Barrel Width (Span) in Feet W (Span) = ft

Inlet Edge Type (Choose from pull-down list)  

3.00

Number of Barrels # Barrels = 3

Inlet Elevation at Culvert Invert 6917.00 Elev IN = 6920 ft  
Outlet Elevation OR Slope 0.0225 Elev OUT = 6917 ft

Culvert Length L = 133.53 ft

Manning's Roughness n = 0.013

Bend Loss Coefficient Kb  = 0

Exit Loss Coefficient Kx  = 1

1

Design Information (calculated):
Entrance Loss Coefficient Ke = 0.20  

Friction Loss Coefficient Kf = 0.96  

Sum of All Loss Coefficients Ks = 2.16

Minimum Energy Condition Coefficient KElow = -0.0654  

Orifice Inlet Condition Coefficient Cd = 0.65  

Calculations of Culvert Capacity (output): Backwater calculations required to obtain Outlet Control Flowrate when HWo < 0.75 * Culvert Rise

Headwater Tailwater Inlet Inlet Outlet Controlling Flow

Surface Surface Control Control Control Culvert Control

Elevation Elevation Equation Flowrate Flowrate Flowrate Used

(ft) (ft) Used (cfs) (cfs) (cfs)

6920.00 No Flow (WS < inlet) 0.00 0.00 0.00 N/A

6920.30 Min. Energy. Eqn. 1.32 #N/A #N/A #N/A

6920.60 Min. Energy. Eqn. 6.42 #N/A #N/A #N/A

6920.90 Min. Energy. Eqn. 14.07 #N/A #N/A #N/A

6921.20 Min. Energy. Eqn. 24.33 #N/A #N/A #N/A

6921.50 Min. Energy. Eqn. 36.96 #N/A #N/A #N/A

6921.80 Regression Eqn. 49.32 #N/A #N/A #N/A

6922.10 Regression Eqn. 63.81 #N/A #N/A #N/A

6922.40 Regression Eqn. 80.16 187.80 80.16 INLET

6922.70 Regression Eqn. 97.29 197.36 97.29 INLET

6923.00 Regression Eqn. 113.91 206.57 113.91 INLET

6923.30 Regression Eqn. 129.24 215.47 129.24 INLET

6923.60 Regression Eqn. 143.22 224.07 143.22 INLET

6923.90 Regression Eqn. 156.03 232.45 156.03 INLET

6924.20 Regression Eqn. 167.79 240.61 167.79 INLET

6924.50 Regression Eqn. 178.83 248.50 178.83 INLET

6924.80 Regression Eqn. 189.09 256.19 189.09 INLET

6925.10 Regression Eqn. 198.93 263.69 198.93 INLET

6925.40 Regression Eqn. 208.23 271.03 208.23 INLET

6925.70 Regression Eqn. 217.23 278.20 217.23 INLET

6926.00 Regression Eqn. 225.93 285.20 225.93 INLET

6926.30 Regression Eqn. 234.24 292.02 234.24 INLET

6926.60 Regression Eqn. 242.40 298.73 242.40 INLET

6926.90 Regression Eqn. 250.35 305.29 250.35 INLET

6927.20 Regression Eqn. 258.15 311.74 258.15 INLET

6927.50 Regression Eqn. 265.77 318.03 265.77 INLET

6927.80 Regression Eqn. 273.24 324.23 273.24 INLET

6928.10 Regression Eqn. 280.56 330.34 280.56 INLET

6928.40 Regression Eqn. 287.79 336.31 287.79 INLET

6928.70 Regression Eqn. 294.87 342.21 294.87 INLET

Processing Time: 00.27 Seconds

CULVERT SIZING (INLET vs. OUTLET CONTROL WITH TAILWATER EFFECTS)

Waterbury Fil #13
Pipe Run #36 - Sunken Meadow Triple Culvert for Design Point 30

MHFD-Culvert, Version 4.00 (May 2020)

235600 UD-Culvert Calcs - Sunken Meadow DP-30, Culvert Rating 10/1/2024, 9:29 AM



Project: 
ID:

< 0.75 * Culvert Rise

CULVERT SIZING (INLET vs. OUTLET CONTROL WITH TAILWATER EFFECTS)

Waterbury Fil #13
Pipe Run #36 - Sunken Meadow Triple Culvert for Design Point 30

MHFD-Culvert, Version 4.00 (May 2020)
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235600 UD-Culvert Calcs - Sunken Meadow DP-30, Culvert Rating 10/1/2024, 9:29 AM



Project =

ID =

Culvert Information (Input)
Barrel Diameter or Height D or H = 36.00 inches

Barrel Length L = 133.53 ft

Barrel Invert Slope So = 0.0225 ft/ft

Downstream Invert Elevation EDI = 6917.00 ft

Downstream Top Embankment Elevation EDT = 6921.67 ft

Upstream Top Embankment Elevation EUT = 6924.67 ft

Design Headwater Depth (not elev.) Hw = 1.55 ft

Tailwater Depth (not elev.) Yt  = 1.20 ft

Culvert Hydraulics (Calculated)
Available Headwater Depth HW-a = 4.67 ft

Design Hw/D ratio Hw/D = 0.52

Culvert Vertical Profile
Upstream Invert Elevation EUI = 6920.00 ft

Upstream Crown Elevation EUC = 6923.00 ft

Upstream Soil Cover Depth Upsoil = 1.67 ft

Downstream Crown Elevation EDC = 6920.00 ft

Downstream Soil Cover Depth Dnsoil = 1.67 ft

VERTICAL PROFILE FOR THE CULVERT

Waterbury Fil #13

Pipe Run #36 - Sunken Meadow Triple Culvert for Design Point 30

MHFD-Culvert, Version 4.00 (May 2020)

235600 UD-Culvert Calcs - Sunken Meadow DP-30, Profile 10/1/2024, 9:29 AM



Project: 

ID: 

Soil Type:

Supercritical Flow!  Using Adjusted Diameter to calculate protection type.

Design Information:
Design Discharge Q = 151 cfs

Circular Culvert:

Barrel Diameter in Inches D = 36 inches

Inlet Edge Type (Choose from pull-down list) Square Edge with Headwall

OR:

Box Culvert: OR  

Barrel Height (Rise) in Feet H (Rise) = ft

Barrel Width (Span) in Feet W (Span) = ft

Inlet Edge Type (Choose from pull-down list)

Number of Barrels # Barrels = 3  

Inlet Elevation 6917 Elev IN = 6920 ft

Outlet Elevation OR Slope 0.0225 Elev OUT = 6917 ft

Culvert Length  L = 133.53 ft

Manning's Roughness n = 0.013

Bend Loss Coefficient kb = 0

Exit Loss Coefficient kx = 1

Tailwater Surface Elevation Yt, Elevation = 6920 ft

Max Allowable Channel Velocity V = 5 ft/s

Calculated Results: 1

Culvert Cross Sectional Area Available A = 7.07 ft
2

Culvert Normal Depth Yn = 1.50 ft

Culvert Critical Depth Yc = 2.31 ft

Froude Number Fr = 2.30 Supercritical!

Entrance Loss Coefficient ke = 0.50

Friction Loss Coefficient kf = 0.96

Sum of All Loss Coefficients ks = 2.46 ft

Headwater:
Inlet Control Headwater HWI = 3.99 ft

Outlet Control Headwater HWO = N/A ft

Design Headwater Elevation HW = 6923.99 ft

Headwater/Diameter OR Headwater/Rise Ratio HW/D = 1.33

Outlet Control Headwater Approximation Method Inaccurate for Low Flow - Backwater Calculations Required

Outlet Protection:

Flow/(Diameter^2.5) Q/D^2.5 = 3.23 ft
0.5

/s

Tailwater Surface Height Yt = 3.00 ft

Tailwater/Diameter Yt/D = 1.00

Expansion Factor 1/(2*tan(Θ)) = 6.70

Flow Area at Max Channel Velocity At = 30.20 ft
2

Width of Equivalent Conduit for Multiple Barrels Weq = 9.00 ft

Length of Riprap Protection Lp = 9 ft

Width of Riprap Protection at Downstream End T = 11 ft

Adjusted Diameter for Supercritical Flow Da = 2.25 ft

Minimum Theoretical Riprap Size d50 min= 3 in

Nominal Riprap Size d50 nominal= 6 in

MHFD Riprap Type Type = VL

DETERMINATION OF CULVERT HEADWATER AND OUTLET PROTECTION

Waterbury Fil #13

Pipe Run #36 - Sunken Meadow Triple Culvert for Design Point 30

MHFD-Culvert, Version 4.00 (May 2020)

Choose One:

Sandy

Non-Sandy



FDR SWALE CALCULATIONS



MANNING'S EQUATION for OPEN CHANNEL FLOW

Project: WATERBURY 1 FDR Location: DP-EX5A DIVERSIONS SWALE E-E FDR

By:  QNA Date: 12/21/2024

Chk By: Date: version 12-2004

INPUT

z (sideslope)= 4

Mannings Formula z (sideslope)= 4

b (btm width, ft)= 4

Q = (1.486/n)ARh
2/3

S
1/2

d (depth, ft)= 0.96

R = A/P S (slope, ft/ft) 0.02

A = cross sectional area n low = 0.02

 P= wetted perimeter n high = 0.035

S = slope of channel V = (1.49/n)Rh
2/3

S
1/2

n = Manning's roughness coefficient Q = V x A

Depth, ft Area, sf

Wetted 

Perimeter, ft

Hydraulic 

Radius, ft Velocity, fps Flow, cfs

Velocity, 

fps Flow, cfs

0.96 7.53 11.92 0.63 7.73498624 58.2166 4.419992 33.2666 T = 11.68

Dm = 0.644

Sc low = 0.0069 Sc high = 0.0212

sc = critical slope   ft / ft

T = top width of the stream .7 Sc 1.3 Sc .7 Sc 1.3 Sc

dm = a/T = mean depth of flow 0.0048 0.0090 0.0148 0.0276

Created by:  Mike O'Shea

Low N High N

d

w

z

11

z

T

Clear Data 
Entry Cells
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APPENDIX G 

FULL SPECTRUM DETENTION & WATER QUALITY CALCULATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/22/24

CALCULATED BY: QNA

FDR DRAINAGE REPORT ~ PROPOSED BASIN RUNOFF COEFFICIENT SUMMARY

WEIGHTED 

BASIN

TOTAL

AREA (AC) AREA (AC) C(5) C(100) AREA (AC) C(5) C(100) C(5)

IMPERVIOUS / DEVELOPED AREA NONIMPERVIOUS / UNDEVELOPED AREA 

22.34 AC BASINS A, B1, B2, C, D ,E, F, H, G1, G2, & K DCIA 5.03

UIA 6.92

RPA 2.46

SPA 7.94

Total 22.34

21.05 AC BASINS L1, L2, O1, O2, O-3, O-4 & OS-4 DCIA 2.34

UIA 3.23

RPA 0.92

SPA 14.55

Total 21.05

72.14 AC DCIA 19.75

UIA 20.80

RPA 16.16

SPA 15.42

Total 72.14

POND 1 TRIB 

AREA (DP 8)

POND 2 TRIB 

AREA (DP 18)

POND 3 TRIB 

AREA (DP 29)

BASINS Q1, Q2, R, S1, S2, T1, T2, U1, U2, V, W, X, OS-1, OS-

2, OS-3A, OS-3B, OS-S1, OS-S2, OS-T2, OS-R, OS-Q1, OS-

Q2, OS-7, & OS-W

POND TRIBUTARY AREA

Terra Nova Engineering

235600 FDR 12/22/2024
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Worksheet Protected

User Input

Calculated cells Designer:

Company:

***Design Storm: 1-Hour Rain Depth WQCV Event 0.43 inches Date:

***Minor Storm: 1-Hour Rain Depth 5-Year Event 1.50 inches Project:

***Major Storm: 1-Hour Rain Depth 100-Year Event 2.52 inches Location:

Optional User Defined Storm CUHP

(CUHP) NOAA 1 Hour Rainfall Depth and 

Frequency for User Defined Storm
100-Year Event

Max Intensity for Optional User Defined Storm 0

SITE INFORMATION (USER-INPUT)

Sub-basin Identifier DP 8 FSD

Receiving Pervious Area Soil Type Loamy Sand

Total Area (ac., Sum of DCIA, UIA, RPA, & SPA) 22.34 

Directly Connected Impervious Area (DCIA, acres) 5.03

Unconnected Impervious Area (UIA, acres) 6.92

Receiving Pervious Area (RPA, acres) 2.46

Separate Pervious Area (SPA, acres) 7.94

C

CALCULATED RESULTS (OUTPUT)

Total Calculated Area (ac, check against input) 22.343

Directly Connected Impervious Area (DCIA, %) 22.5%

Unconnected Impervious Area (UIA, %) 31.0%

Receiving Pervious Area (RPA, %) 11.0%

Separate Pervious Area (SPA, %) 35.5%

AR (RPA / UIA) 0.355

Ia Check 0.740

f / I for WQCV Event: 4.5

f / I for 5-Year Event: 0.5

f / I for 100-Year Event: 0.4

f / I for Optional User Defined Storm CUHP:

IRF for WQCV Event: 0.74

IRF for 5-Year Event: 0.93

IRF for 100-Year Event: 0.95

IRF for Optional User Defined Storm CUHP:

Total Site Imperviousness:  Itotal 53.5%

Effective Imperviousness for WQCV Event: 45.5%

Effective Imperviousness for 5-Year Event: 51.3%

Effective Imperviousness for 100-Year Event: 51.9%

LID / EFFECTIVE IMPERVIOUSNESS CREDITS

WQCV Event CREDIT:  Reduce Detention By: 10.0% N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

This line only for 10-Year Event N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

100-Year Event CREDIT**:  Reduce Detention By: 2.9% N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

User Defined CUHP CREDIT:  Reduce Detention By:

Total Site Imperviousness: 53.5% Notes:

Total Site Effective Imperviousness for WQCV Event: 45.5% *
 Use Green-Ampt average infiltration rate values from Table 3-3.

Total Site Effective Imperviousness for 5-Year Event: 51.3% ** 
Flood control detention volume credits based on empirical equations from Storage Chapter of USDCM.

Total Site Effective Imperviousness for 100-Year Event: 51.9% *** Method assumes that 1-hour rainfall depth is equivalent to 1-hour intensity for calculation purposed

Site-Level Low Impact Development (LID) Design Effective Impervious Calculator
LID Credit by Impervious Reduction Factor (IRF) Method

Terra Nova Engineering

September 17, 2024

WATERBURY FILING 1 POND 1

POND 1 Design Point 8 Full Spectrum Detention 

QNA

RPA Treatment Type: Conveyance (C), 

Volume (V), or Permeable Pavement (PP)

UD-BMP (Version 3.06, November 2016)

Total Site Effective Imperviousness for Optional User Defined Storm CUHP: 

Effective Imperviousness for Optional User Defined Storm CUHP:

IRF (UD-BMP_v3.06) FDR Pond 1, IRF 9/17/2024, 9:00 AM



Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 100 0.002

Selected BMP Type = EDB 6923.75 -- 0.25 -- -- -- 3,201 0.073 412 0.009

Watershed Area = 22.34 acres 6924.00 -- 0.50 -- -- -- 6,302 0.145 1,600 0.037

Watershed Length = 1,250 ft 6924.25 -- 0.75 -- -- -- 8,582 0.197 3,461 0.079

Watershed Length to Centroid = 325 ft 6924.50 -- 1.00 -- -- -- 10,862 0.249 5,891 0.135

Watershed Slope = 0.019 ft/ft 6924.75 -- 1.25 -- -- -- 13,142 0.302 8,891 0.204

Watershed Imperviousness = 51.90% percent 6925.00 -- 1.50 -- -- -- 15,422 0.354 12,462 0.286

Percentage Hydrologic Soil Group A = 100.0% percent 6925.25 -- 1.75 -- -- -- 17,702 0.406 16,602 0.381

Percentage Hydrologic Soil Group B = 0.0% percent 6925.50 -- 2.00 -- -- -- 19,982 0.459 21,313 0.489

Percentage Hydrologic Soil Groups C/D = 0.0% percent 6925.75 -- 2.25 -- -- -- 22,262 0.511 26,593 0.610

Target WQCV Drain Time = 40.0 hours 6926.00 -- 2.50 -- -- -- 24,542 0.563 32,444 0.745

Location for 1-hr Rainfall Depths = User Input 6926.25 -- 2.75 -- -- -- 26,599 0.611 38,836 0.892

6926.50 -- 3.00 -- -- -- 28,656 0.658 45,743 1.050

6926.75 -- 3.25 -- -- -- 30,713 0.705 53,164 1.220

Optional User Overrides 6927.00 -- 3.50 -- -- -- 32,770 0.752 61,099 1.403

Water Quality Capture Volume (WQCV) = 0.394 acre-feet acre-feet 6927.25 -- 3.75 -- -- -- 34,826 0.800 69,549 1.597

Excess Urban Runoff Volume (EURV) = 1.351 acre-feet acre-feet 6927.50 -- 4.00 -- -- -- 36,883 0.847 78,513 1.802

2-yr Runoff Volume (P1 = 1.19 in.) = 0.974 acre-feet 1.19 inches 6927.75 -- 4.25 -- -- -- 38,940 0.894 87,991 2.020

5-yr Runoff Volume (P1 = 1.5 in.) = 1.292 acre-feet 1.50 inches 6928.00 -- 4.50 -- -- -- 40,997 0.941 97,983 2.249

10-yr Runoff Volume (P1 = 1.75 in.) = 1.546 acre-feet 1.75 inches 6928.25 -- 4.75 -- -- -- 43,397 0.996 108,532 2.492

25-yr Runoff Volume (P1 = 2 in.) = 1.938 acre-feet 2.00 inches 6928.50 -- 5.00 -- -- -- 45,797 1.051 119,681 2.748

50-yr Runoff Volume (P1 = 2.25 in.) = 2.321 acre-feet 2.25 inches 6928.75 -- 5.25 -- -- -- 48,198 1.106 131,431 3.017

100-yr Runoff Volume (P1 = 2.52 in.) = 2.805 acre-feet 2.52 inches 6929.00 -- 5.50 -- -- -- 50,598 1.162 143,780 3.301

500-yr Runoff Volume (P1 = 3 in.) = 3.607 acre-feet 3.00 inches 6929.25 -- 5.75 -- -- -- 52,998 1.217 156,730 3.598

Approximate 2-yr Detention Volume = 0.870 acre-feet 6929.50 -- 6.00 -- -- -- 55,398 1.272 170,279 3.909

Approximate 5-yr Detention Volume = 1.145 acre-feet 6929.75 -- 6.25 -- -- -- 57,798 1.327 184,428 4.234

Approximate 10-yr Detention Volume = 1.394 acre-feet 6930.00 -- 6.50 -- -- -- 60,198 1.382 199,178 4.572

Approximate 25-yr Detention Volume = 1.702 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 1.896 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 2.127 acre-feet -- -- -- --

-- -- -- --

Define Zones and Basin Geometry -- -- -- --

Zone 1 Volume (WQCV) = 0.394 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.957 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.775 acre-feet -- -- -- --

Total Detention Basin Volume = 2.127 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft
 3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft
 2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft
 2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft
 3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft
 2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft
 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

After providing required inputs above including 1-hour rainfall

depths, click 'Run CUHP' to generate runoff hydrographs using 

the embedded Colorado Urban Hydrograph Procedure.
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Example Zone Configuration (Retention Pond)
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1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP

1 CUHP Inputs Complete

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

1.79 Zone 1 (WQCV) 1.79 Zone 1 (WQCV)

3.44 Zone 2 (EURV) 3.44 Zone 2 (EURV)

4.37 Zone 3 (100-year) 4.37 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
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  Project:

  Basin ID:

Estimated Estimated

Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 1.79 0.394 Orifice Plate

Zone 2 (EURV) 3.44 0.957 Orifice Plate

Zone 3 (100-year) 4.37 0.775 Weir&Pipe (Restrict)

Total (all zones) 2.127

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft
2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate

Centroid of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 2.146E-02 ft
2

Depth at top of Zone using Orifice Plate = 3.60 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 13.80 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 3.09 sq. inches (diameter = 2 inches) Elliptical Slot Area = N/A ft
2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 1.20 2.40

Orifice Area (sq. inches) 3.09 3.09 3.09

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice

Not Selected Not Selected Not Selected Not Selected

Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A N/A ft
2

Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet

Vertical Orifice Diameter = N/A N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir and No Outlet Pipe) Calculated Parameters for Overflow Weir

grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 3.60 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 3.60 N/A feet

Overflow Weir Front Edge Length = 4.00 N/A feet Overflow Weir Slope Length = 4.00 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 3.54 N/A

Horiz. Length of Weir Sides = 4.00 N/A feet Overflow Grate Open Area w/o Debris = 11.14 N/A ft
2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 5.57 N/A ft
2

Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 0.20 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 3.14 N/A ft
2

Outlet Pipe Diameter = 24.00 N/A inches Outlet Orifice Centroid = 1.00 N/A feet

Restrictor Plate Height Above Pipe Invert = 24.00 inches Half-Central Angle of Restrictor Plate on Pipe = 3.14 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 4.50 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.72 feet

Spillway Crest Length = 30.00 feet Stage at Top of Freeboard = 6.22 feet

Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 1.32 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 4.19 acre-ft

Max Ponding Depth of Target Storage Volume = 4.27 feet Discharge at Top of Freeboard = 275.48 cfs

Routed Hydrograph Results

Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year

One-Hour Rainfall Depth (in) = N/A N/A 1.19 1.50 1.75 2.00 2.25 2.52 3.00

CUHP Runoff Volume (acre-ft) = 0.394 1.351 0.974 1.292 1.546 1.938 2.321 2.805 3.607

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.974 1.292 1.546 1.938 2.321 2.805 3.607

CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.2 0.5 0.7 5.8 11.2 18.4 29.2
OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.01 0.02 0.03 0.26 0.50 0.82 1.31

Peak Inflow Q (cfs) = N/A N/A 18.4 24.4 28.8 38.8 47.6 59.9 77.1

Peak Outflow Q (cfs) = 0.2 0.5 0.4 0.4 0.5 3.3 7.3 14.6 27.0

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.9 0.7 0.6 0.6 0.8 0.9

Structure Controlling Flow = Plate Plate Plate Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Spillway

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A 0.3 0.6 1.3 2.2

Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 38 68 60 68 73 73 72 70 67

Time to Drain 99% of Inflow Volume (hours) = 40 73 64 72 79 79 79 78 77

Maximum Ponding Depth (ft) = 1.79 3.44 2.80 3.26 3.60 3.83 4.01 4.27 4.57

Area at Maximum Ponding Depth (acres) = 0.41 0.74 0.62 0.71 0.77 0.81 0.85 0.90 0.96

Maximum Volume Stored (acre-ft) = 0.398 1.358 0.916 1.228 1.471 1.661 1.802 2.029 2.316

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.06 (July 2022)

WATERBURY FILING NO. 1

POND 1 DP 8

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

Example Zone Configuration (Retention Pond)
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2

Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 1 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 0 0.18(diameter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24(diameter = 9/16 inch) 4 1 5yr, <72hr 0

Count_Weir1 = 1 0.29(diameter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 180

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 281

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 345

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 327

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 361 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 384 0.72

WQ Plate Flow at 100yr depth = 0.53 0.97(diameter = 1-1/8 inches) 50 Year 402

CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 428 1 Z1_Boolean

n*Cdw #1 = 0.60 1.20(diameter = 1-1/4 inches) 500 Year 458 1 Z2_Boolean

n*Cdo #1 = 0.74 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) Opening Message

CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 1 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 0 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping

S-A-V-D Chart Axis Default X-axis Left Y-Axis Right Y-Axis

minimum bound 0.00 0 0

maximum bound 8.00 190,000 280

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis

minimum bound

maximum bound

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.06 (July 2022)
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Outflow Hydrograph Workbook Filename:

Inflow Hydrographs

The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

Time Interval TIME WQCV [cfs] EURV [cfs] 2 Year [cfs] 5 Year [cfs] 10 Year [cfs] 25 Year [cfs] 50 Year [cfs] 100 Year [cfs] 500 Year [cfs]

5.00  min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.76

0:15:00 0.00 0.00 2.64 4.29 5.33 3.59 4.43 4.38 5.73

0:20:00 0.00 0.00 8.85 11.43 13.42 8.44 9.77 10.57 12.96

0:25:00 0.00 0.00 17.06 23.32 28.60 16.96 19.54 21.29 27.22

0:30:00 0.00 0.00 18.39 24.42 28.84 37.28 46.40 54.02 70.77

0:35:00 0.00 0.00 15.26 19.78 23.13 38.77 47.57 59.90 77.10

0:40:00 0.00 0.00 12.50 15.81 18.41 33.49 41.13 51.33 66.22

0:45:00 0.00 0.00 9.68 12.53 14.67 26.54 32.34 42.09 54.60

0:50:00 0.00 0.00 7.85 10.46 11.99 21.56 26.00 33.21 43.39

0:55:00 0.00 0.00 6.49 8.54 9.90 16.82 20.10 26.37 34.22

1:00:00 0.00 0.00 5.31 6.93 8.13 13.36 15.81 21.57 27.92

1:05:00 0.00 0.00 4.47 5.73 6.80 10.62 12.46 17.67 22.98

1:10:00 0.00 0.00 3.64 5.21 6.33 7.91 9.11 12.21 15.68

1:15:00 0.00 0.00 3.21 4.77 6.20 6.61 7.54 9.23 11.71

1:20:00 0.00 0.00 2.96 4.34 5.69 5.51 6.24 6.87 8.60

1:25:00 0.00 0.00 2.82 4.07 4.97 4.86 5.49 5.41 6.67

1:30:00 0.00 0.00 2.74 3.88 4.50 4.17 4.70 4.56 5.56

1:35:00 0.00 0.00 2.67 3.78 4.17 3.74 4.21 3.99 4.82

1:40:00 0.00 0.00 2.63 3.32 3.96 3.46 3.89 3.63 4.34

1:45:00 0.00 0.00 2.61 3.00 3.82 3.27 3.68 3.42 4.07

1:50:00 0.00 0.00 2.61 2.79 3.72 3.17 3.57 3.35 3.99

1:55:00 0.00 0.00 2.17 2.65 3.53 3.11 3.50 3.32 3.95

2:00:00 0.00 0.00 1.86 2.47 3.16 3.08 3.47 3.32 3.95

2:05:00 0.00 0.00 1.22 1.61 2.08 2.02 2.27 2.18 2.59

2:10:00 0.00 0.00 0.78 1.03 1.33 1.31 1.46 1.40 1.66

2:15:00 0.00 0.00 0.49 0.64 0.84 0.82 0.92 0.88 1.04

2:20:00 0.00 0.00 0.28 0.38 0.50 0.49 0.55 0.53 0.62

2:25:00 0.00 0.00 0.15 0.23 0.29 0.29 0.33 0.31 0.37

2:30:00 0.00 0.00 0.07 0.11 0.13 0.15 0.16 0.15 0.18

2:35:00 0.00 0.00 0.02 0.04 0.04 0.05 0.05 0.05 0.06

2:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

DETENTION BASIN OUTLET STRUCTURE DESIGN

MHFD-Detention_v4-06 FDR POND 1 DP 8, Outlet Structure 9/17/2024, 9:20 AM



FSD POND 1 

FORBAY VOLUMES

WQCV = 0.394 ac-ft

WQCV = 17,155 cu-ft

3% of WQCV = 0.01 ac-ft

3% of WQCV = 514.65 cu-ft

ELEV AREA AREA DELTA VOLUME VOLUME

AVG. ELEV. TOTAL

6925.50 198

198 1.5 297

6927.00 198 297

End Area Method: 297 C.F.

0.007 A.F.

ELEV AREA AREA DELTA VOLUME VOLUME

AVG. ELEV. TOTAL

6927.00 198

198 1.5 297

6928.50 198 297

End Area Method: 297 C.F.

0.007 A.F.

TOTAL 594.000 A.F.

TOTAL 0.014 A.F.

Required Forbay Volume  = 3% of WQCV

FORBAY PR  7

FORBAY PR  10

1



WATEBURY FILING NO.  1 POND 1

FORBAY WALL NOTCH CALCS

Middle Wall Notch

100-y peak discharge = 59.9 cfs

2.0% = 1.20

The general form of the equation for horizontal crested weirs is Q = CLH3/2 where:

Q = Weir flow discharge (cfs) 1.20

C = Weir flow coefficient 3.4

H = Depth of flow over the weir (ft) 1.50 Opening Height

L = Length of the weir (ft) 0.19 Length

L = Length of the weir (in) 2

West Wall Notch

100-y peak discharge = 59.9 cfs

2.0% = 1.20

The general form of the equation for horizontal crested weirs is Q = CLH3/2 where:

Q = Weir flow discharge (cfs) 1.20

C = Weir flow coefficient 3.4

H = Depth of flow over the weir (ft) 1.50 Opening Height

L = Length of the weir (ft) 0.19 Length

L = Length of the weir (in) 2

Notch to releae 2% of the undetained 100-year peak discharge is 

3" wide by 18" high

Notch to releae 2% of the undetained 100-year peak discharge is 

3" wide by 18" high

Notch to releae 2% of the undetained 100-year peak discharge. 

Assume split between east and west forebays

Notch to releae 2% of the undetained 100-year peak discharge. 

Assume split between east and west forebays

Terra Nova Engineering, LLC 1 9/17/2024



MANNING'S EQUATION for OPEN CHANNEL FLOW

Project: WATERBURY FILIN NO. 1 Location: POND 1 DP 8 EAST MIN SLOPE 0.6%

By:  QNA Date: 9/16/2024

Chk By: Date: version 12-2004

INPUT

z (sideslope)= 0

Mannings Formula z (sideslope)= 0

b (btm width, ft)= 2

Q = (1.486/n)ARh
2/3

S
1/2

d (depth, ft)= 0.5

R = A/P S (slope, ft/ft) 0.006

A = cross sectional area n low = 0.012

 P= wetted perimeter n high = 0.015

S = slope of channel V = (1.49/n)Rh
2/3

S
1/2

n = Manning's roughness coefficient Q = V x A

Depth, ft Area, sf

Wetted 

Perimeter, ft

Hydraulic 

Radius, ft Velocity, fps Flow, cfs

Velocity, 

fps Flow, cfs

0.5 1.00 3.00 0.33 4.61122643 4.61123 3.688981 3.68898 T = 2

Dm = 0.500

Sc low = 0.0045 Sc high = 0.0071

sc = critical slope   ft / ft

T = top width of the stream .7 Sc 1.3 Sc .7 Sc 1.3 Sc

dm = a/T = mean depth of flow 0.0032 0.0059 0.0050 0.0092

Created by:  Mike O'Shea

Low N High N

d

w

z

11

z

T

Clear Data 
Entry Cells

POND 1 TRICKLE CHANNEL EAST

3.69 CFS > 2% OF 59.9 CFS = 1.2 CFS



MANNING'S EQUATION for OPEN CHANNEL FLOW

Project: WATERBURY FILIN NO. 1 Location: POND 1 DP 8 MIDDLE MIN SLOPE 1.0%

By:  QNA Date: 9/16/2024

Chk By: Date: version 12-2004

INPUT

z (sideslope)= 0

Mannings Formula z (sideslope)= 0

b (btm width, ft)= 2

Q = (1.486/n)ARh
2/3

S
1/2

d (depth, ft)= 0.5

R = A/P S (slope, ft/ft) 0.01

A = cross sectional area n low = 0.012

 P= wetted perimeter n high = 0.015

S = slope of channel V = (1.49/n)Rh
2/3

S
1/2

n = Manning's roughness coefficient Q = V x A

Depth, ft Area, sf

Wetted 

Perimeter, ft

Hydraulic 

Radius, ft Velocity, fps Flow, cfs

Velocity, 

fps Flow, cfs

0.5 1.00 3.00 0.33 5.95306772 5.95307 4.762454 4.76245 T = 2

Dm = 0.500

Sc low = 0.0045 Sc high = 0.0071

sc = critical slope   ft / ft

T = top width of the stream .7 Sc 1.3 Sc .7 Sc 1.3 Sc

dm = a/T = mean depth of flow 0.0032 0.0059 0.0050 0.0092

Created by:  Mike O'Shea

Low N High N

d

w

z

11

z

T

Clear Data 
Entry Cells

4.76 CFS > 2% OF 59.9 CFS = 1.2 CFS

POND 1 TRICKLE CHANNEL MIDDLE



POND 1 EMERGENCY WEIR

QPEAK INFLOW = 59.9 CFS
WEIR LENGTH = 30 FT

59.9/30=2.0
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Worksheet Protected

User Input

Calculated cells Designer:

Company:

***Design Storm: 1-Hour Rain Depth WQCV Event 0.43 inches Date:

***Minor Storm: 1-Hour Rain Depth 5-Year Event 1.50 inches Project:

***Major Storm: 1-Hour Rain Depth 100-Year Event 2.52 inches Location:

Optional User Defined Storm CUHP

(CUHP) NOAA 1 Hour Rainfall Depth and 

Frequency for User Defined Storm
100-Year Event

Max Intensity for Optional User Defined Storm 0

SITE INFORMATION (USER-INPUT)

Sub-basin Identifier DP 18 FSD

Receiving Pervious Area Soil Type Loamy Sand

Total Area (ac., Sum of DCIA, UIA, RPA, & SPA) 21.06 

Directly Connected Impervious Area (DCIA, acres) 2.34

Unconnected Impervious Area (UIA, acres) 3.23

Receiving Pervious Area (RPA, acres) 0.94

Separate Pervious Area (SPA, acres) 14.55

C

CALCULATED RESULTS (OUTPUT)

Total Calculated Area (ac, check against input) 21.061

Directly Connected Impervious Area (DCIA, %) 11.1%

Unconnected Impervious Area (UIA, %) 15.3%

Receiving Pervious Area (RPA, %) 4.5%

Separate Pervious Area (SPA, %) 69.1%

AR (RPA / UIA) 0.290

Ia Check 0.770

f / I for WQCV Event: 4.5

f / I for 5-Year Event: 0.5

f / I for 100-Year Event: 0.4

f / I for Optional User Defined Storm CUHP:

IRF for WQCV Event: 0.76

IRF for 5-Year Event: 0.94

IRF for 100-Year Event: 0.95

IRF for Optional User Defined Storm CUHP:

Total Site Imperviousness:  Itotal 26.5%

Effective Imperviousness for WQCV Event: 22.8%

Effective Imperviousness for 5-Year Event: 25.5%

Effective Imperviousness for 100-Year Event: 25.8%

LID / EFFECTIVE IMPERVIOUSNESS CREDITS

WQCV Event CREDIT:  Reduce Detention By: 9.5% N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

This line only for 10-Year Event N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

100-Year Event CREDIT**:  Reduce Detention By: 2.8% N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

User Defined CUHP CREDIT:  Reduce Detention By:

Total Site Imperviousness: 26.5% Notes:

Total Site Effective Imperviousness for WQCV Event: 22.8% *
 Use Green-Ampt average infiltration rate values from Table 3-3.

Total Site Effective Imperviousness for 5-Year Event: 25.5% ** 
Flood control detention volume credits based on empirical equations from Storage Chapter of USDCM.

Total Site Effective Imperviousness for 100-Year Event: 25.8% *** Method assumes that 1-hour rainfall depth is equivalent to 1-hour intensity for calculation purposed

Site-Level Low Impact Development (LID) Design Effective Impervious Calculator
LID Credit by Impervious Reduction Factor (IRF) Method

Terra Nova Engineering

September 17, 2024

WATERBURY FILING 1 POND 2

POND 2 Design Point 18 Full Spectrum Detention 

QNA

RPA Treatment Type: Conveyance (C), 

Volume (V), or Permeable Pavement (PP)

UD-BMP (Version 3.06, November 2016)

Total Site Effective Imperviousness for Optional User Defined Storm CUHP: 

Effective Imperviousness for Optional User Defined Storm CUHP:

IRF (UD-BMP_v3.06) FDR Pond 2, IRF 9/17/2024, 10:24 AM



Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 100 0.002

Selected BMP Type = EDB 6899.25 -- 0.25 -- -- -- 942 0.022 130 0.003

Watershed Area = 21.05 acres 6899.50 -- 0.50 -- -- -- 1,784 0.041 471 0.011

Watershed Length = 1,050 ft 6899.75 -- 0.75 -- -- -- 2,626 0.060 1,022 0.023

Watershed Length to Centroid = 350 ft 6900.00 -- 1.00 -- -- -- 3,468 0.080 1,784 0.041

Watershed Slope = 0.019 ft/ft 6900.25 -- 1.25 -- -- -- 5,034 0.116 2,847 0.065

Watershed Imperviousness = 25.76% percent 6900.50 -- 1.50 -- -- -- 6,600 0.152 4,301 0.099

Percentage Hydrologic Soil Group A = 100.0% percent 6900.75 -- 1.75 -- -- -- 8,166 0.187 6,147 0.141

Percentage Hydrologic Soil Group B = 0.0% percent 6901.00 -- 2.00 -- -- -- 9,732 0.223 8,384 0.192

Percentage Hydrologic Soil Groups C/D = 0.0% percent 6901.25 -- 2.25 -- -- -- 11,297 0.259 11,012 0.253

Target WQCV Drain Time = 40.0 hours 6901.50 -- 2.50 -- -- -- 12,863 0.295 14,032 0.322

Location for 1-hr Rainfall Depths = User Input 6901.75 -- 2.75 -- -- -- 14,429 0.331 17,444 0.400

6902.00 -- 3.00 -- -- -- 15,995 0.367 21,247 0.488

6902.25 -- 3.25 -- -- -- 19,602 0.450 25,697 0.590

Optional User Overrides 6902.50 -- 3.50 -- -- -- 23,209 0.533 31,048 0.713

Water Quality Capture Volume (WQCV) = 0.241 acre-feet acre-feet 6902.75 -- 3.75 -- -- -- 26,815 0.616 37,301 0.856

Excess Urban Runoff Volume (EURV) = 0.519 acre-feet acre-feet 6903.00 -- 4.00 -- -- -- 30,422 0.698 44,456 1.021

2-yr Runoff Volume (P1 = 1.19 in.) = 0.343 acre-feet 1.19 inches 6903.25 -- 4.25 -- -- -- 34,029 0.781 52,512 1.206

5-yr Runoff Volume (P1 = 1.5 in.) = 0.481 acre-feet 1.50 inches 6903.50 -- 4.50 -- -- -- 37,636 0.864 61,470 1.411

10-yr Runoff Volume (P1 = 1.75 in.) = 0.601 acre-feet 1.75 inches 6903.75 -- 4.75 -- -- -- 41,243 0.947 71,330 1.638

25-yr Runoff Volume (P1 = 2 in.) = 0.938 acre-feet 2.00 inches 6904.00 -- 5.00 -- -- -- 44,850 1.030 82,092 1.885

50-yr Runoff Volume (P1 = 2.25 in.) = 1.254 acre-feet 2.25 inches 6904.25 -- 5.25 -- -- -- 48,650 1.117 93,779 2.153

100-yr Runoff Volume (P1 = 2.52 in.) = 1.679 acre-feet 2.52 inches 6904.50 -- 5.50 -- -- -- 52,450 1.204 106,416 2.443

500-yr Runoff Volume (P1 = 3 in.) = 2.376 acre-feet 3.00 inches 6904.75 -- 5.75 -- -- -- 56,251 1.291 120,004 2.755

Approximate 2-yr Detention Volume = 0.324 acre-feet 6905.00 -- 6.00 -- -- -- 60,051 1.379 134,542 3.089

Approximate 5-yr Detention Volume = 0.434 acre-feet 6905.25 -- 6.25 -- -- -- 63,851 1.466 150,029 3.444

Approximate 10-yr Detention Volume = 0.547 acre-feet 6905.50 -- 6.50 -- -- -- 67,652 1.553 166,467 3.822

Approximate 25-yr Detention Volume = 0.697 acre-feet 6905.75 -- 6.75 -- -- -- 71,452 1.640 183,855 4.221

Approximate 50-yr Detention Volume = 0.817 acre-feet 6906.00 -- 7.00 -- -- -- 75,252 1.728 202,193 4.642

Approximate 100-yr Detention Volume = 1.026 acre-feet -- -- -- --

-- -- -- --

Define Zones and Basin Geometry -- -- -- --

Zone 1 Volume (WQCV) = 0.241 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.278 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.507 acre-feet -- -- -- --

Total Detention Basin Volume = 1.026 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft
 3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft
 2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft
 2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft
 3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft
 2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft
 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

After providing required inputs above including 1-hour rainfall

depths, click 'Run CUHP' to generate runoff hydrographs using 

the embedded Colorado Urban Hydrograph Procedure.

Volume 

(ft
 3
)

Volume 

(ac-ft)

Area 

(acre)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional 

Override 

Area (ft
 2
)

Length 

(ft)

Optional 

Override 

Stage (ft)

Stage

(ft)

Stage - Storage

Description

Area 

(ft
 2
)

Width 

(ft)

WATERBURY FILING NO. 1

POND 2 DP 18

MHFD-Detention, Version 4.06 (July 2022)

Example Zone Configuration (Retention Pond)

MHFD-Detention_v4-06 FDR POND 2 DP 18, Basin 9/17/2024, 10:46 AM



1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP

1 CUHP Inputs Complete

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

2.21 Zone 1 (WQCV) 2.21 Zone 1 (WQCV)

3.09 Zone 2 (EURV) 3.09 Zone 2 (EURV)

4.01 Zone 3 (100-year) 4.01 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.06 (July 2022)
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MHFD-Detention_v4-06 FDR POND 2 DP 18, Basin 9/17/2024, 10:46 AM



  Project:

  Basin ID:

Estimated Estimated

Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 2.21 0.241 Orifice Plate

Zone 2 (EURV) 3.09 0.278 Orifice Plate

Zone 3 (100-year) 4.01 0.507 Weir&Pipe (Restrict)

Total (all zones) 1.026

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft
2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate

Centroid of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft
2

Depth at top of Zone using Orifice Plate = 3.10 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 12.40 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = N/A sq. inches Elliptical Slot Area = N/A ft
2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 1.03 2.07

Orifice Area (sq. inches) 1.32 1.32 1.32

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice

Not Selected Not Selected Not Selected Not Selected

Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A N/A ft
2

Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet

Vertical Orifice Diameter = N/A N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir and No Outlet Pipe) Calculated Parameters for Overflow Weir

grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 3.10 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 3.10 N/A feet

Overflow Weir Front Edge Length = 4.00 N/A feet Overflow Weir Slope Length = 4.00 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 6.30 N/A

Horiz. Length of Weir Sides = 4.00 N/A feet Overflow Grate Open Area w/o Debris = 11.14 N/A ft
2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 5.57 N/A ft
2

Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 0.50 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 1.77 N/A ft
2

Outlet Pipe Diameter = 18.00 N/A inches Outlet Orifice Centroid = 0.75 N/A feet

Restrictor Plate Height Above Pipe Invert = 18.00 inches Half-Central Angle of Restrictor Plate on Pipe = 3.14 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 5.00 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.58 feet

Spillway Crest Length = 20.00 feet Stage at Top of Freeboard = 6.58 feet

Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 1.58 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 3.95 acre-ft

Max Ponding Depth of Target Storage Volume = 3.78 feet Discharge at Top of Freeboard = 170.69 cfs

Routed Hydrograph Results

Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year

One-Hour Rainfall Depth (in) = N/A N/A 1.19 1.50 1.75 2.00 2.25 2.52 3.00

CUHP Runoff Volume (acre-ft) = 0.241 0.519 0.343 0.481 0.601 0.938 1.254 1.679 2.376

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.343 0.481 0.601 0.938 1.254 1.679 2.376

CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.2 0.5 0.6 5.5 10.8 17.5 27.8
OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.01 0.02 0.03 0.26 0.51 0.83 1.32

Peak Inflow Q (cfs) = N/A N/A 5.3 7.7 9.5 15.8 21.7 29.3 40.8

Peak Outflow Q (cfs) = 0.1 0.2 0.2 0.2 0.6 4.7 8.7 14.8 17.0

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.4 1.0 0.8 0.8 0.8 0.6

Structure Controlling Flow = Plate Plate Plate Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Outlet Plate 1

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.0 0.4 0.8 1.3 1.5

Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 38 56 46 54 59 56 53 50 47

Time to Drain 99% of Inflow Volume (hours) = 40 60 49 58 64 62 61 60 58

Maximum Ponding Depth (ft) = 2.21 3.09 2.49 2.90 3.16 3.41 3.58 3.78 4.24

Area at Maximum Ponding Depth (acres) = 0.25 0.40 0.29 0.35 0.42 0.50 0.56 0.63 0.78

Maximum Volume Stored (acre-ft) = 0.243 0.522 0.316 0.448 0.551 0.666 0.751 0.875 1.198

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.06 (July 2022)

WATERBURY FILING NO. 1

POND 2 DP 18

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

Example Zone Configuration (Retention Pond)

MHFD-Detention_v4-06 FDR POND 2 DP 18, Outlet Structure 9/17/2024, 10:45 AM

Mikayla Hartford
Text Box
X

Mikayla Hartford
Text Box
X

Mikayla Hartford
Text Box
X

Mikayla Hartford
SW - Textbox with Arrow
1.23 sq inches



COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2

Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 1 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 0 0.18(diameter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24(diameter = 9/16 inch) 4 1 5yr, <72hr 0

Count_Weir1 = 1 0.29(diameter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 222

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 250

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 310

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 291

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 317 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 342 0.58

WQ Plate Flow at 100yr depth = 0.22 0.97(diameter = 1-1/8 inches) 50 Year 359

CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 379 1 Z1_Boolean

n*Cdw #1 = 0.60 1.20(diameter = 1-1/4 inches) 500 Year 425 1 Z2_Boolean

n*Cdo #1 = 0.74 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) Opening Message

CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 1 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 0 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping

S-A-V-D Chart Axis Default X-axis Left Y-Axis Right Y-Axis

minimum bound 0.00 0 0

maximum bound 8.00 180,000 180

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis

minimum bound

maximum bound

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.06 (July 2022)
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Outflow Hydrograph Workbook Filename:

Inflow Hydrographs

The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

Time Interval TIME WQCV [cfs] EURV [cfs] 2 Year [cfs] 5 Year [cfs] 10 Year [cfs] 25 Year [cfs] 50 Year [cfs] 100 Year [cfs] 500 Year [cfs]

5.00  min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.12

0:15:00 0.00 0.00 0.42 0.68 0.85 0.57 0.71 0.70 0.94

0:20:00 0.00 0.00 1.50 1.97 2.32 1.47 1.71 1.83 2.27

0:25:00 0.00 0.00 4.07 6.18 7.97 3.75 4.83 5.44 7.40

0:30:00 0.00 0.00 5.33 7.68 9.53 12.08 17.09 21.28 30.73

0:35:00 0.00 0.00 4.87 6.91 8.58 15.84 21.68 29.30 40.83

0:40:00 0.00 0.00 4.31 6.00 7.42 15.23 20.92 28.38 39.60

0:45:00 0.00 0.00 3.73 5.21 6.44 13.35 18.21 25.47 36.01

0:50:00 0.00 0.00 3.26 4.59 5.60 11.85 15.99 22.18 31.83

0:55:00 0.00 0.00 2.85 3.98 4.85 10.15 13.67 19.17 27.39

1:00:00 0.00 0.00 2.48 3.42 4.17 8.65 11.60 16.57 23.66

1:05:00 0.00 0.00 2.20 3.01 3.72 7.35 9.79 14.23 20.51

1:10:00 0.00 0.00 1.95 2.75 3.47 6.17 8.21 11.70 16.95

1:15:00 0.00 0.00 1.75 2.49 3.28 5.33 7.09 9.83 14.26

1:20:00 0.00 0.00 1.56 2.22 2.92 4.58 6.05 8.21 11.83

1:25:00 0.00 0.00 1.38 1.95 2.51 3.90 5.09 6.78 9.68

1:30:00 0.00 0.00 1.20 1.69 2.11 3.22 4.16 5.46 7.75

1:35:00 0.00 0.00 1.03 1.45 1.76 2.58 3.28 4.22 5.94

1:40:00 0.00 0.00 0.89 1.18 1.45 1.99 2.46 3.08 4.26

1:45:00 0.00 0.00 0.82 1.03 1.31 1.49 1.80 2.15 2.94

1:50:00 0.00 0.00 0.79 0.95 1.24 1.23 1.46 1.64 2.23

1:55:00 0.00 0.00 0.71 0.89 1.17 1.10 1.28 1.38 1.83

2:00:00 0.00 0.00 0.63 0.83 1.08 1.03 1.19 1.22 1.57

2:05:00 0.00 0.00 0.51 0.66 0.86 0.81 0.93 0.93 1.18

2:10:00 0.00 0.00 0.40 0.52 0.67 0.62 0.71 0.70 0.87

2:15:00 0.00 0.00 0.31 0.41 0.52 0.48 0.55 0.52 0.63

2:20:00 0.00 0.00 0.24 0.31 0.40 0.37 0.42 0.38 0.46

2:25:00 0.00 0.00 0.19 0.24 0.30 0.28 0.32 0.29 0.35

2:30:00 0.00 0.00 0.14 0.18 0.23 0.21 0.24 0.22 0.26

2:35:00 0.00 0.00 0.11 0.14 0.17 0.16 0.18 0.17 0.20

2:40:00 0.00 0.00 0.08 0.10 0.13 0.12 0.13 0.13 0.15

2:45:00 0.00 0.00 0.06 0.07 0.10 0.09 0.10 0.10 0.11

2:50:00 0.00 0.00 0.04 0.05 0.07 0.06 0.07 0.07 0.08

2:55:00 0.00 0.00 0.02 0.03 0.04 0.04 0.05 0.04 0.05

3:00:00 0.00 0.00 0.01 0.02 0.02 0.03 0.03 0.03 0.03

3:05:00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

DETENTION BASIN OUTLET STRUCTURE DESIGN
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FSD POND 2

FORBAY VOLUMES

WQCV = 0.241 ac-ft

WQCV = 10,513 cu-ft

3% of WQCV = 0.01 ac-ft

3% of WQCV = 315.38 cu-ft

ELEV AREA AREA DELTA VOLUME VOLUME

AVG. ELEV. TOTAL

6900.25 382

382 1.5 573

6901.75 382 573

End Area Method: 573 C.F.

0.013 A.F.

Required Forbay Volume  = 3% of WQCV

FORBAY PR  17

1



WATEBURY FILING NO.  1 POND 2

FORBAY WALL NOTCH CALCS

Wall Notch

100-y peak discharge = 29.3 cfs

2.0% = 0.59

The general form of the equation for horizontal crested weirs is Q = CLH3/2 where:

Q = Weir flow discharge (cfs) 0.59

C = Weir flow coefficient 3.4

H = Depth of flow over the weir (ft) 1.50 Opening Height

L = Length of the weir (ft) 0.09 Length

L = Length of the weir (in) 1

Notch to releae 2% of the undetained 100-year peak discharge. 

Assume split between east and west forebays

Notch to releae 2% of the undetained 100-year peak discharge is 

3" wide by 18" high

Terra Nova Engineering, LLC 1 9/17/2024



POND 2 EMERGENCY WEIR

QPEAK INFLOW = 29.3 CFS
WEIR LENGTH = 20 FT

29.3/20=1.47
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Worksheet Protected

User Input

Calculated cells Designer:

Company:

***Design Storm: 1-Hour Rain Depth WQCV Event 0.43 inches Date:

***Minor Storm: 1-Hour Rain Depth 5-Year Event 1.50 inches Project:

***Major Storm: 1-Hour Rain Depth 100-Year Event 2.52 inches Location:

Optional User Defined Storm CUHP

(CUHP) NOAA 1 Hour Rainfall Depth and 

Frequency for User Defined Storm
100-Year Event

Max Intensity for Optional User Defined Storm 0

SITE INFORMATION (USER-INPUT)

Sub-basin Identifier DP 29 FSD

Receiving Pervious Area Soil Type Loamy Sand

Total Area (ac., Sum of DCIA, UIA, RPA, & SPA) 72.14 

Directly Connected Impervious Area (DCIA, acres) 19.75

Unconnected Impervious Area (UIA, acres) 20.80

Receiving Pervious Area (RPA, acres) 16.16

Separate Pervious Area (SPA, acres) 15.42

C

CALCULATED RESULTS (OUTPUT)

Total Calculated Area (ac, check against input) 72.137

Directly Connected Impervious Area (DCIA, %) 27.4%

Unconnected Impervious Area (UIA, %) 28.8%

Receiving Pervious Area (RPA, %) 22.4%

Separate Pervious Area (SPA, %) 21.4%

AR (RPA / UIA) 0.777

Ia Check 0.560

f / I for WQCV Event: 4.5

f / I for 5-Year Event: 0.5

f / I for 100-Year Event: 0.4

f / I for Optional User Defined Storm CUHP:

IRF for WQCV Event: 0.64

IRF for 5-Year Event: 0.90

IRF for 100-Year Event: 0.92

IRF for Optional User Defined Storm CUHP:

Total Site Imperviousness:  Itotal 56.2%

Effective Imperviousness for WQCV Event: 45.8%

Effective Imperviousness for 5-Year Event: 53.3%

Effective Imperviousness for 100-Year Event: 54.0%

LID / EFFECTIVE IMPERVIOUSNESS CREDITS

WQCV Event CREDIT:  Reduce Detention By: 12.9% N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

This line only for 10-Year Event N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

100-Year Event CREDIT**:  Reduce Detention By: 3.9% N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

User Defined CUHP CREDIT:  Reduce Detention By:

Total Site Imperviousness: 56.21% Notes:

Total Site Effective Imperviousness for WQCV Event: 45.84% *
 Use Green-Ampt average infiltration rate values from Table 3-3.

Total Site Effective Imperviousness for 5-Year Event: 53.33% ** 
Flood control detention volume credits based on empirical equations from Storage Chapter of USDCM.

Total Site Effective Imperviousness for 100-Year Event: 53.95% *** Method assumes that 1-hour rainfall depth is equivalent to 1-hour intensity for calculation purposed

Site-Level Low Impact Development (LID) Design Effective Impervious Calculator
LID Credit by Impervious Reduction Factor (IRF) Method

Terra Nova Engineering

December 21, 2024

WATERBURY FILING 1 POND 3

POND 3 Design Point 29 Full Spectrum Detention

QNA

RPA Treatment Type: Conveyance (C), 

Volume (V), or Permeable Pavement (PP)

UD-BMP (Version 3.06, November 2016)

Total Site Effective Imperviousness for Optional User Defined Storm CUHP: 

Effective Imperviousness for Optional User Defined Storm CUHP:

IRF (UD-BMP_v3.06) FDR Pond 3, IRF 12/21/2024, 8:19 AM



Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 100 0.002

Selected BMP Type = EDB Note: L / W Ratio < 1 6922.25 -- 0.25 -- -- -- 3,412 0.078 439 0.010

Watershed Area = 72.14 acres L / W Ratio = 0.72 6922.50 -- 0.50 -- -- -- 6,282 0.144 1,650 0.038

Watershed Length = 1,500 ft 6922.75 -- 0.75 -- -- -- 9,372 0.215 3,607 0.083

Watershed Length to Centroid = 300 ft 6923.00 -- 1.00 -- -- -- 13,347 0.306 6,447 0.148

Watershed Slope = 0.026 ft/ft 6923.25 -- 1.25 -- -- -- 16,659 0.382 10,198 0.234

Watershed Imperviousness = 53.95% percent 6923.50 -- 1.50 -- -- -- 19,971 0.458 14,777 0.339

Percentage Hydrologic Soil Group A = 100.0% percent 6923.75 -- 1.75 -- -- -- 23,283 0.534 20,183 0.463

Percentage Hydrologic Soil Group B = 0.0% percent 6924.00 -- 2.00 -- -- -- 26,595 0.611 26,418 0.606

Percentage Hydrologic Soil Groups C/D = 0.0% percent 6924.25 -- 2.25 -- -- -- 33,544 0.770 33,935 0.779

Target WQCV Drain Time = 40.0 hours 6924.50 -- 2.50 -- -- -- 40,493 0.930 43,190 0.992

Location for 1-hr Rainfall Depths = User Input 6924.75 -- 2.75 -- -- -- 47,442 1.089 54,182 1.244

6925.00 -- 3.00 -- -- -- 54,392 1.249 66,911 1.536

6925.25 -- 3.25 -- -- -- 61,341 1.408 81,378 1.868

Optional User Overrides 6925.50 -- 3.50 -- -- -- 68,290 1.568 97,582 2.240

Water Quality Capture Volume (WQCV) = 1.307 acre-feet acre-feet 6925.75 -- 3.75 -- -- -- 75,240 1.727 115,523 2.652

Excess Urban Runoff Volume (EURV) = 4.584 acre-feet acre-feet 6926.00 -- 4.00 -- -- -- 82,189 1.887 135,201 3.104

2-yr Runoff Volume (P1 = 1.19 in.) = 3.326 acre-feet 1.19 inches 6926.25 -- 4.25 -- -- -- 87,136 2.000 156,367 3.590

5-yr Runoff Volume (P1 = 1.5 in.) = 4.403 acre-feet 1.50 inches 6926.50 -- 4.50 -- -- -- 92,083 2.114 178,769 4.104

10-yr Runoff Volume (P1 = 1.75 in.) = 5.271 acre-feet 1.75 inches 6926.75 -- 4.75 -- -- -- 97,030 2.228 202,409 4.647

25-yr Runoff Volume (P1 = 2 in.) = 6.568 acre-feet 2.00 inches 6927.00 -- 5.00 -- -- -- 101,977 2.341 227,285 5.218

50-yr Runoff Volume (P1 = 2.25 in.) = 7.836 acre-feet 2.25 inches 6927.25 -- 5.25 -- -- -- 106,924 2.455 253,397 5.817

100-yr Runoff Volume (P1 = 2.52 in.) = 9.430 acre-feet 2.52 inches 6927.50 -- 5.50 -- -- -- 111,871 2.568 280,747 6.445

500-yr Runoff Volume (P1 = 3 in.) = 12.081 acre-feet 3.00 inches 6927.75 -- 5.75 -- -- -- 116,819 2.682 309,333 7.101

Approximate 2-yr Detention Volume = 2.958 acre-feet 6928.00 -- 6.00 -- -- -- 121,766 2.795 339,156 7.786

Approximate 5-yr Detention Volume = 3.886 acre-feet 6928.25 -- 6.25 -- -- -- 124,516 2.858 369,941 8.493

Approximate 10-yr Detention Volume = 4.725 acre-feet 6928.50 -- 6.50 -- -- -- 127,266 2.922 401,414 9.215

Approximate 25-yr Detention Volume = 5.753 acre-feet 6928.75 -- 6.75 -- -- -- 130,017 2.985 433,574 9.953

Approximate 50-yr Detention Volume = 6.395 acre-feet 6929.00 -- 7.00 -- -- -- 132,767 3.048 466,422 10.708

Approximate 100-yr Detention Volume = 7.144 acre-feet 6929.25 -- 7.25 -- -- -- 135,518 3.111 499,958 11.477

6929.50 -- 7.50 -- -- -- 138,268 3.174 534,181 12.263

Define Zones and Basin Geometry 6929.75 -- 7.75 -- -- -- 141,019 3.237 569,092 13.065

Zone 1 Volume (WQCV) = 1.307 acre-feet 6930.00 -- 8.00 -- -- -- 143,769 3.300 604,691 13.882

Zone 2 Volume (EURV - Zone 1) = 3.278 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 2.559 acre-feet -- -- -- --

Total Detention Basin Volume = 7.144 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft
 3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft
 2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft
 2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft
 3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft
 2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft
 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional 
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WATERBURY FILING NO. 1

POND 3 DP 29

MHFD-Detention, Version 4.06 (July 2022)
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After providing required inputs above including 1-hour rainfall

depths, click 'Run CUHP' to generate runoff hydrographs using 

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)

MHFD-Detention_v4-06 FDR POND 3  DP 29, Basin 12/21/2024, 8:40 AM



1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs 1 Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP

1 CUHP Inputs Complete

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

2.81 Zone 1 (WQCV) 2.81 Zone 1 (WQCV)

4.73 Zone 2 (EURV) 4.73 Zone 2 (EURV)

5.77 Zone 3 (100-year) 5.77 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.06 (July 2022)
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  Project:

  Basin ID:

Estimated Estimated

Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 2.81 1.307 Orifice Plate

Zone 2 (EURV) 4.73 3.278 Orifice Plate

Zone 3 (100-year) 5.77 2.559 Weir&Pipe (Restrict)

Total (all zones) 7.144

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = ft (distance below the filtration media surface) Underdrain Orifice Area = ft
2

Underdrain Orifice Diameter = inches Underdrain Orifice Centroid = feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate

Centroid of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft
2

Depth at top of Zone using Orifice Plate = 4.76 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = N/A inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = N/A sq. inches Elliptical Slot Area = N/A ft
2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 1.68 3.37

Orifice Area (sq. inches) 7.00 8.50 9.00

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice

Not Selected Not Selected Not Selected Not Selected

Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A N/A ft
2

Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet

Vertical Orifice Diameter = N/A N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir and No Outlet Pipe) Calculated Parameters for Overflow Weir

grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 5.05 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 5.05 N/A feet

Overflow Weir Front Edge Length = 12.00 N/A feet Overflow Weir Slope Length = 6.00 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 7.09 N/A

Horiz. Length of Weir Sides = 6.00 N/A feet Overflow Grate Open Area w/o Debris = 50.11 N/A ft
2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 25.06 N/A ft
2

Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 0.20 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 7.07 N/A ft
2

Outlet Pipe Diameter = 36.00 N/A inches Outlet Orifice Centroid = 1.50 N/A feet

Restrictor Plate Height Above Pipe Invert = 36.00 inches Half-Central Angle of Restrictor Plate on Pipe = 3.14 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 5.80 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 1.20 feet

Spillway Crest Length = 64.00 feet Stage at Top of Freeboard = 8.00 feet

Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 3.30 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 13.88 acre-ft

Max Ponding Depth of Target Storage Volume = 5.78 feet Discharge at Top of Freeboard = 783.54 cfs

Routed Hydrograph Results

Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year

One-Hour Rainfall Depth (in) = N/A N/A 1.19 1.50 1.75 2.00 2.25 2.52 3.00

CUHP Runoff Volume (acre-ft) = 1.307 4.584 3.326 4.403 5.271 6.568 7.836 9.430 12.081

Inflow Hydrograph Volume (acre-ft) = N/A N/A 3.326 4.403 5.271 6.568 7.836 9.430 12.081

CUHP Predevelopment Peak Q (cfs) = N/A N/A 1.2 2.4 3.2 29.9 56.5 92.4 144.8
OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.02 0.03 0.04 0.41 0.78 1.28 2.01

Peak Inflow Q (cfs) = N/A N/A 85.6 116.4 143.1 183.9 230.0 269.3 351.7

Peak Outflow Q (cfs) = 0.7 1.4 1.2 1.3 1.4 8.7 17.8 37.7 94.6

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.6 0.4 0.3 0.3 0.4 0.7

Structure Controlling Flow = Plate Plate Plate Plate Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Spillway

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A 0.1 0.3 0.7 1.2

Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 38 71 62 70 76 79 77 75 72

Time to Drain 99% of Inflow Volume (hours) = 40 77 66 76 83 86 85 85 83

Maximum Ponding Depth (ft) = 2.81 4.73 4.04 4.55 4.94 5.30 5.48 5.78 6.09

Area at Maximum Ponding Depth (acres) = 1.13 2.22 1.90 2.14 2.31 2.47 2.55 2.69 2.82

Maximum Volume Stored (acre-ft) = 1.310 4.602 3.161 4.210 5.055 5.916 6.368 7.155 8.039

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.06 (July 2022)

WATERBURY FILING NO. 1

POND 3 DP 29

Example Zone Configuration (Retention Pond)
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2

Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 1 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 0 0.18(diameter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24(diameter = 9/16 inch) 4 1 5yr, <72hr 0

Count_Weir1 = 1 0.29(diameter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 282

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 405

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 474

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 456

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 495 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 531 1.20

WQ Plate Flow at 100yr depth = 1.60 0.97(diameter = 1-1/8 inches) 50 Year 549

CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 579 1 Z1_Boolean

n*Cdw #1 = 0.60 1.20(diameter = 1-1/4 inches) 500 Year 610 1 Z2_Boolean

n*Cdo #1 = 0.74 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 1 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 0 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping

S-A-V-D Chart Axis Default X-axis Left Y-Axis Right Y-Axis

minimum bound 0.00 0 0

maximum bound 8.00 610,000 790

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis

minimum bound

maximum bound

MHFD-Detention, Version 4.06 (July 2022)
DETENTION BASIN OUTLET STRUCTURE DESIGN
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Outflow Hydrograph Workbook Filename:

Inflow Hydrographs

The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

Time Interval TIME WQCV [cfs] EURV [cfs] 2 Year [cfs] 5 Year [cfs] 10 Year [cfs] 25 Year [cfs] 50 Year [cfs] 100 Year [cfs] 500 Year [cfs]

5.00  min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:10:00 0.00 0.00 0.00 0.00 0.00 0.00 1.75 0.18 4.40

0:15:00 0.00 0.00 15.44 25.11 31.16 20.96 25.41 25.53 32.31

0:20:00 0.00 0.00 48.04 60.77 70.81 44.14 50.54 55.41 66.92

0:25:00 0.00 0.00 85.57 116.37 143.08 84.82 96.82 105.70 135.12

0:30:00 0.00 0.00 76.34 100.43 116.83 183.95 230.01 269.26 351.71

0:35:00 0.00 0.00 49.60 62.47 71.71 156.30 190.69 247.51 315.63

0:40:00 0.00 0.00 33.73 40.73 46.60 109.19 133.55 168.46 216.19

0:45:00 0.00 0.00 20.36 26.49 30.82 69.37 83.74 115.14 149.60

0:50:00 0.00 0.00 15.24 21.50 23.69 48.58 57.22 74.05 97.62

0:55:00 0.00 0.00 13.90 18.56 21.85 32.52 37.56 51.94 67.02

1:00:00 0.00 0.00 13.39 17.44 21.23 26.70 30.38 45.26 58.31

1:05:00 0.00 0.00 13.39 17.06 21.02 24.95 28.58 43.33 56.62

1:10:00 0.00 0.00 10.81 16.88 21.02 20.57 23.33 28.88 36.37

1:15:00 0.00 0.00 9.67 15.25 21.02 19.03 21.51 22.86 28.05

1:20:00 0.00 0.00 9.18 13.56 18.35 15.75 17.76 15.83 19.13

1:25:00 0.00 0.00 8.93 12.82 14.90 14.27 16.07 12.63 15.04

1:30:00 0.00 0.00 8.92 12.47 13.38 12.03 13.54 11.79 14.05

1:35:00 0.00 0.00 8.92 12.37 12.70 11.02 12.41 11.39 13.58

1:40:00 0.00 0.00 8.92 10.10 12.48 10.69 12.04 11.39 13.58

1:45:00 0.00 0.00 8.92 9.10 12.48 10.53 11.85 11.39 13.58

1:50:00 0.00 0.00 8.92 8.66 12.48 10.53 11.85 11.39 13.58

1:55:00 0.00 0.00 6.35 8.44 11.72 10.53 11.85 11.39 13.58

2:00:00 0.00 0.00 5.21 7.79 9.86 10.53 11.85 11.39 13.58

2:05:00 0.00 0.00 2.14 3.28 4.10 4.41 4.96 4.75 5.65

2:10:00 0.00 0.00 0.75 1.29 1.56 1.73 1.94 1.85 2.19

2:15:00 0.00 0.00 0.25 0.42 0.47 0.57 0.63 0.60 0.71

2:20:00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00

2:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

DETENTION BASIN OUTLET STRUCTURE DESIGN
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FSD POND 3

FORBAY VOLUMES

WQCV = 1.307 ac-ft

WQCV = 56,917 cu-ft

3% of WQCV = 0.04 ac-ft

3% of WQCV = 1707.51 cu-ft

ELEV AREA AREA DELTA VOLUME VOLUME

AVG. ELEV. TOTAL

6900.25 900

900 1.5 1350

6901.75 900 1350

End Area Method: 1350 C.F.

0.031 A.F.

ELEV AREA AREA DELTA VOLUME VOLUME

AVG. ELEV. TOTAL

6900.25 425

425 1.5 638

6901.75 425 638

End Area Method: 638 C.F.

0.015 A.F.

TOTAL 1987.500 A.F.

TOTAL 0.046 A.F.

Required Forbay Volume  = 3% of WQCV

FORBAY PR  33A

FORBAY PR  34A

1



WATEBURY FILING NO.  1 POND 3

FORBAY WALL NOTCH CALCS

North Wall Notch

100-y peak discharge = 269 cfs

2.0% = 5.39

The general form of the equation for horizontal crested weirs is Q = CLH3/2 where:

Q = Weir flow discharge (cfs) 5.39

C = Weir flow coefficient 3.4

H = Depth of flow over the weir (ft) 2.50 Opening Height

L = Length of the weir (ft) 0.40 Length

L = Length of the weir (in) 5

South Wall Notch

100-y peak discharge = 269 cfs

2.0% = 5.39

The general form of the equation for horizontal crested weirs is Q = CLH3/2 where:

Q = Weir flow discharge (cfs) 5.39

C = Weir flow coefficient 3.4

H = Depth of flow over the weir (ft) 2.50 Opening Height

L = Length of the weir (ft) 0.40 Length

L = Length of the weir (in) 5

Notch to releae 2% of the undetained 100-year peak discharge. 

Notch to releae 2% of the undetained 100-year peak discharge is 

5" wide by 30" high

Notch to releae 2% of the undetained 100-year peak discharge. 

Notch to releae 2% of the undetained 100-year peak discharge is 

5" wide by 30" high

Terra Nova Engineering, LLC 1 12/21/2024



MANNING'S EQUATION for OPEN CHANNEL FLOW

Project: WATERBURY FILIN NO. 1 Location: POND 3 DP 29 NORTH MIN SLOPE 0.5%

By:  QNA Date: 9/16/2024

Chk By: Date: version 12-2004

INPUT

z (sideslope)= 0

Mannings Formula z (sideslope)= 0

b (btm width, ft)= 3

Q = (1.486/n)ARh
2/3

S
1/2

d (depth, ft)= 0.5

R = A/P S (slope, ft/ft) 0.005

A = cross sectional area n low = 0.012

 P= wetted perimeter n high = 0.015

S = slope of channel V = (1.49/n)Rh
2/3

S
1/2

n = Manning's roughness coefficient Q = V x A

Depth, ft Area, sf

Wetted 

Perimeter, ft

Hydraulic 

Radius, ft Velocity, fps Flow, cfs

Velocity, 

fps Flow, cfs

0.5 1.50 4.00 0.38 4.55333089 6.83 3.642665 5.464 T = 3

Dm = 0.500

Sc low = 0.0039 Sc high = 0.0061

sc = critical slope   ft / ft

T = top width of the stream .7 Sc 1.3 Sc .7 Sc 1.3 Sc

dm = a/T = mean depth of flow 0.0027 0.0050 0.0042 0.0079

Created by:  Mike O'Shea

Low N High N

d

w

z

11

z

T

Clear Data 
Entry Cells

 5.46 CFS > 2% OF 268 CFS = 5.37 CFS

POND 3 TRICKLE CHANNEL NORTH

269 CFS = 5.38 CFS



MANNING'S EQUATION for OPEN CHANNEL FLOW

Project: WATERBURY FILIN NO. 1 Location: POND 3 DP 29 SOUTH MIN SLOPE 0.88%

By:  QNA Date: 9/16/2024

Chk By: Date: version 12-2004

INPUT

z (sideslope)= 0

Mannings Formula z (sideslope)= 0

b (btm width, ft)= 3

Q = (1.486/n)ARh
2/3

S
1/2

d (depth, ft)= 0.5

R = A/P S (slope, ft/ft) 0.0088

A = cross sectional area n low = 0.012

 P= wetted perimeter n high = 0.015

S = slope of channel V = (1.49/n)Rh
2/3

S
1/2

n = Manning's roughness coefficient Q = V x A

Depth, ft Area, sf

Wetted 

Perimeter, ft

Hydraulic 

Radius, ft Velocity, fps Flow, cfs

Velocity, 

fps Flow, cfs

0.5 1.50 4.00 0.38 6.04067605 9.06101 4.832541 7.24881 T = 3

Dm = 0.500

Sc low = 0.0039 Sc high = 0.0061

sc = critical slope   ft / ft

T = top width of the stream .7 Sc 1.3 Sc .7 Sc 1.3 Sc

dm = a/T = mean depth of flow 0.0027 0.0050 0.0042 0.0079

Created by:  Mike O'Shea

Low N High N

d

w

z

11

z

T

Clear Data 
Entry Cells

POND 3 TRICKLE CHANNEL SOUTH

 7.25 CFS > 2% OF 268 CFS = 5.37 CFS269 CFS = 5.38 CFS



QPEAK INFLOW = 269 CFS
WIER LENGTH = 87 FT

269/87 = 3.09



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RUNOFF REDUCTION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

& EXCLUDED UNDEVELOPED PERVIOUS AREA



Worksheet Unprotected

 Sheet 1 of 1

Designer:

Company:

Date:

Project:

Location:

SITE INFORMATION (User Input in Blue Cells)

WQCV Rainfall Depth 0.60 inches

Depth of Average Runoff Producing Storm, d6 = 0.43 inches (for Watersheds Outside of the Denver Region, Figure 3-1 in USDCM Vol. 3)

Area Type UIA:RPA

Area ID M2

Downstream Design Point ID EAST CH

Downstream BMP Type None

DCIA (ft
2
) --

UIA (ft
2
) 5,300

RPA (ft
2
) 7,000

SPA (ft
2
) --

HSG A (%) 100%

HSG B (%) 0%

HSG C/D (%) 0%

Average Slope of RPA (ft/ft) 0.020

UIA:RPA Interface Width (ft) 60.00

CALCULATED RUNOFF RESULTS

Area ID M2

UIA:RPA Area (ft
2
) 12,300

L / W Ratio 3.42

UIA / Area 0.4309

Runoff (in) 0.00

Runoff (ft
3
) 0

Runoff Reduction (ft
3
) 221

CALCULATED WQCV RESULTS

Area ID M2

WQCV (ft
3
) 221

WQCV Reduction (ft
3
) 221

WQCV Reduction (%) 100%

Untreated WQCV (ft
3
) 0

CALCULATED DESIGN POINT RESULTS (sums results from all columns with the same Downstream Design Point ID)

Downstream Design Point ID EAST CH

DCIA (ft
2
) 0

UIA (ft
2
) 5,300

RPA (ft
2
) 7,000

SPA (ft
2
) 0

Total Area (ft
2
) 12,300

Total Impervious Area (ft
2
) 5,300

WQCV (ft
3
) 221

WQCV Reduction (ft
3
) 221

WQCV Reduction (%) 100%

Untreated WQCV (ft
3
) 0

CALCULATED SITE RESULTS (sums results from all columns in worksheet)

Total Area (ft
2
) 12,300

Total Impervious Area (ft
2
) 5,300

WQCV (ft
3
) 221

WQCV Reduction (ft
3
) 221

WQCV Reduction (%) 100%

Untreated WQCV (ft
3
) 0

BASIN M2 EASTERN CHANNEL DIRECT RELEASE

Design Procedure Form:  Runoff Reduction                

QUENTIN ARMIJO

TERRA NOVA ENGINEERING, INC.

November 19, 2022

WATERBURY FILING 1 & 2

UD-BMP (Version 3.07, March 2018)



Worksheet Unprotected

 Sheet 1 of 1

Designer:

Company:

Date:

Project:

Location:

SITE INFORMATION (User Input in Blue Cells)

WQCV Rainfall Depth 0.60 inches

Depth of Average Runoff Producing Storm, d6 = 0.43 inches (for Watersheds Outside of the Denver Region, Figure 3-1 in USDCM Vol. 3)

Area Type UIA:RPA

Area ID N 

Downstream Design Point ID WEST CH

Downstream BMP Type None

DCIA (ft
2
) --

UIA (ft
2
) 1,105

RPA (ft
2
) 1,895

SPA (ft
2
) --

HSG A (%) 100%

HSG B (%) 0%

HSG C/D (%) 0%

Average Slope of RPA (ft/ft) 0.020

UIA:RPA Interface Width (ft) 60.00

CALCULATED RUNOFF RESULTS

Area ID N 

UIA:RPA Area (ft
2
) 3,000

L / W Ratio 0.83

UIA / Area 0.3683

Runoff (in) 0.00

Runoff (ft
3
) 0

Runoff Reduction (ft
3
) 46

CALCULATED WQCV RESULTS

Area ID N 

WQCV (ft
3
) 46

WQCV Reduction (ft
3
) 46

WQCV Reduction (%) 100%

Untreated WQCV (ft
3
) 0

CALCULATED DESIGN POINT RESULTS (sums results from all columns with the same Downstream Design Point ID)

Downstream Design Point ID WEST CH

DCIA (ft
2
) 0

UIA (ft
2
) 1,105

RPA (ft
2
) 1,895

SPA (ft
2
) 0

Total Area (ft
2
) 3,000

Total Impervious Area (ft
2
) 1,105

WQCV (ft
3
) 46

WQCV Reduction (ft
3
) 46

WQCV Reduction (%) 100%

Untreated WQCV (ft
3
) 0

CALCULATED SITE RESULTS (sums results from all columns in worksheet)

Total Area (ft
2
) 3,000

Total Impervious Area (ft
2
) 1,105

WQCV (ft
3
) 46

WQCV Reduction (ft
3
) 46

WQCV Reduction (%) 100%

Untreated WQCV (ft
3
) 0

*BASIN  N WESTERN CHANNEL DIRECT RELEASE. 

Design Procedure Form:  Runoff Reduction                

Quentin Armijo

Terra Nova Engineering, Inc.

November 19, 2022

Waterbury Filings 1 & 2

UD-BMP (Version 3.07, March 2018)



45 
 

 

 

 

 

 

 

 

 

 

 

APPENDIX H 

HEC-RAS ANALYSIS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 













8–33(210–VI–NEH, August 2007)

Part 654
National Engineering Handbook

Threshold Channel Design Chapter 8

Figure 8–21 Allowable shear stress for noncohesive 
soils

Figure 8–22 Soil grain roughness for noncohesive soils
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Part 654
National Engineering Handbook

Threshold Channel DesignChapter 8

8–34 (210–VI–NEH, August 2007)
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Figure 8–24 Void ratio correction factor for cohesive soils

Figure 8–23 Basic allowable shear stress for cohesive soils

0.80



Channel Slope Lining Permissible Mean

Channel Velocity*

(ft/sec)

0 - 5% Sodded grass 7

Bermudagrass 6

Reed canarygrass 5

Tall fescue 5

Kentucky bluegrass 5

Grass-legume mixture 4

Red fescue 2.5

Redtop 2.5

Sericea lespedeza 2.5

Annual lespedeza 2.5

Small grains (temporary) 2.5

5 - 10% Sodded grass 6

Bermudagrass 5

Reed canarygrass 4

Tall fescue 4

Kentucky bluegrass 4

12/21/24, 10:02 AM El Paso County, CO Drainage Criteria Manual

about:blank 1/2



Channel Slope Lining Permissible Mean

Channel Velocity*

(ft/sec)

Grass-legume mixture 3

Greater than 10% Sodded grass 5

Bermudagrass 4

Reed canarygrass 3

Tall fescue 3

Kentucky bluegrass 3

*For highly erodible soils, decrease permissible velocities by 25%.

*Grass lined channels are dependent upon assurances of continuous growth and

maintenance of grass.

12/21/24, 10:02 AM El Paso County, CO Drainage Criteria Manual

about:blank 2/2



Design Parameter Design Value

Results East 

Channel

Results West 

Channel

Maximum 100-year depth outside of bankfull channel 5 ft < than 5 ft < than 5 ft

Roughness values Per Table 10-2 section e. (Channels not maintained, weeds and brush uncut 

for Dense weeds, high as flow depth)
0.05 to 0.12 0.6 to 1.0 0.6 to 1.0

Maximum 100-year velocity, main channel (within bankfull channel width) (ft/s) 3-4 ft/s 4.00 ft/s 4.00 ft/s

Froude No., 5-year, main channel (within bankfull channel width low Manning's n) 0.7 1.02 1.02

Froude No., 100-year, main channel (within bankfull channel width) 0.8 0.74 0.76 (1.01)*

Maximum Vegetal shear stress, 100-year, main channel (within bankfull channel width) using 

shear retardancce

Class A:7.50lb/sq ft Class B: 

5.73 lb/sq ft Class C: 4.20 

lb/sq ft

2.63 lb/sq ft 2.43 lb/sq ft     

Minimum bankfull capacity of bankfull channel (based on future development conditions)
70% of 2-year discharge or 10% of 

100-yr discharge, whichever is 

greater

100% of 100-year 100% of 100-year

Maximum longitudinal slope of low flow channel (assuming lined, vegetated low flow channel) 0.20% 5.62%** 3.95%**

Maximum Overbank Side Slopes 4:1 4:1 4:1

Maximum Bankful Side Slopes 2.5:1 2.5:1 2.5:1

Minimum radius of curvature 2.5 times top width
Max Top W=140', 

Min R=350'

Max Top W=245', 

Min R=613'

* ciritical water surface cross sections with proposed drop structure and stabilization

**Slope is in the proposed condition but a product of the Existing condition as we are 

tryingnot to disturb well vegetated channels. A deviation is being requested.

Table 8-3. Design parameters for naturalized channels

CDurham
Highlight

CDurham
Text Box
Unresolved:Identify deviations from County criteria and provide deviation request. (ECM 3.3.3, DCM Ch. 10, DCM Update 9.1... Approval of deviations is needed prior to further design revisions.



Figure 3 VEGETATION COMMUNITY MAP  
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Figure 4 NWI & CNHP WETLAND AND RIPARIAN AREAS MAP  
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PHOTO LOCATION MAP 



 

PP1 - DRAINAGE A, C-D UPLAND BREAK (LOOKING UPSTREAM FROM LAZOR POINT DRIVE) 

 

 

PP1 - DRAINAGE A, C-D UPLAND BREAK (LOOKING DOWNSTREAM FROM LAZOR POINT 
DRIVE) 

  



 

PP2 - DRAINAGE A, C-D UPLAND BREAK (LOOKING UPSTREAM FROM LAZOR POINT 
PRIVATE DRIVE) 

 

 

PP2 - DRAINAGE A, C-D UPLAND BREAK (LOOKING DOWNSTREAM FROM LAZOR POINT 
PRIVATE DRIVE)  



 

PP3 – WETLAND/CHANNEL B (FROM UPSTREAM END LOOKING SOUTH) 

  



 

PP4 – WETLAND/CHANNEL B (LOOKING UPSTREAM) 

 

 

PP4 – WETLAND/CHANNEL B (LOOKING DOWNSTREAM) 

  



 

PP5– WETLAND/CHANNEL B (LOOKING UPSTREAM) 

 

 

PP5– WETLAND/CHANNEL B (LOOKING DOWNSTREAM) 

  



 

PP6– WETLAND/CHANNEL B (LOOKING UPSTREAM) 

 

 

PP6– WETLAND/CHANNEL B (LOOKING DOWNSTREAM) 

  



 

PP7– WETLAND/CHANNEL B (LOOKING UPSTREAM) 

 

 

PP7 – WETLAND/CHANNEL B (LOOKING DOWNSTREAM) 

  



 

PP8 – WETLAND/CHANNEL B (LOOKING UPSTREAM) 

 

 

PP8 – WETLAND/CHANNEL B (LOOKING DOWNSTREAM) 

  



 

PP9 – SITE OVERVIEW FROM SOUTHEAST CORNER (LOOKING WEST) 

 

 

PP9 – SITE OVERVIEW FROM SOUTHEAST CORNER (LOOKING NORTH) 

  



 

PP10 – SITE OVERVIEW FROM SOUTHWEST CORNER (LOOKING NORTH) 

 

 

PP10 – SITE OVERVIEW FROM SOUTHWEST CORNER (LOOKING WEST) 



 

PP11 – SITE OVERVIEW FROM NORTHWEST CORNER (LOOKING EAST) 

 

 

PP11 – SITE OVERVIEW FROM NORTHWEST CORNER (LOOKING SOUTH) 

  



 

PP12 – SITE OVERVIEW FROM NORTHEASTCORNER (LOOKING WEST) 

 

 

PP12 – SITE OVERVIEW FROM NORTHEASTCORNER CORNER (LOOKING SOUTH) 

  



 

SAMPLE POINT B1 – WETLAND PHOTO (LOOKING UPSTREAM) 

 

 

SAMPLE POINT B1 – WETLAND PHOTO (LOOKING DOWNSTREAM) 

  



 

SAMPLE POINT B2 – WETLAND PHOTO (LOOKING UPSTREAM) 

 

 

SAMPLE POINT B2 – WETLAND PHOTO (LOOKING DOWNSTREAM) 



WEST CHANNEL
RS X-SECTION 0 LOOKING NORTH



WEST CHANNEL
RS X-SECTION 900 LOOKING SOUTH



WEST CHANNEL
RS X-SECTION 900 LOOKING EAST



WEST CHANNEL
RS X-SECTION 1500 LOOKING NORTH
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WEST CHANNEL EXISTING CONDITIONS



  

HEC-RAS  Plan: Plan 02   River: WEST CHAN EX NEW   Reach: chan-west-pr    Profile: PF 1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

chan-west-pr 2600    PF 1 219.00 6966.83 6967.84 6967.93 0.019536 2.37 92.25 162.38 0.56

chan-west-pr 2500    PF 1 219.00 6964.90 6965.81 6965.91 0.020926 2.59 84.70 138.14 0.58

chan-west-pr 2400    PF 1 219.00 6963.25 6964.30 6964.37 0.011755 2.09 104.95 153.17 0.44

chan-west-pr 2300    PF 1 219.00 6961.27 6962.39 6962.53 0.032804 2.97 73.77 137.42 0.71

chan-west-pr 2200    PF 1 219.00 6958.46 6959.82 6959.94 0.020694 2.71 80.96 127.03 0.59

chan-west-pr 2100    PF 1 219.00 6955.98 6957.62 6957.79 0.022265 3.35 65.40 75.74 0.64

chan-west-pr 2000    PF 1 219.00 6954.57 6956.26 6956.35 0.009751 2.37 92.24 96.35 0.43

chan-west-pr 1900    PF 1 219.00 6952.76 6954.54 6954.40 6954.71 0.032488 3.39 64.75 100.15 0.73

chan-west-pr 1800    PF 1 219.00 6949.31 6951.86 6952.07 0.021810 3.67 59.71 59.03 0.64

chan-west-pr 1700    PF 1 219.00 6947.11 6949.56 6949.84 0.022659 4.23 51.75 42.27 0.67

chan-west-pr 1600    PF 1 219.00 6945.84 6948.27 6948.40 0.009453 2.98 74.76 64.69 0.45

chan-west-pr 1500    PF 1 219.00 6944.91 6946.80 6946.99 0.023587 3.45 63.94 80.32 0.65

chan-west-pr 1400    PF 1 219.00 6943.78 6945.34 6945.42 0.010717 2.27 96.66 116.26 0.44

chan-west-pr 1300    PF 1 219.00 6942.19 6943.61 6943.79 0.027384 3.35 65.41 88.53 0.69

chan-west-pr 1200    PF 1 219.00 6940.78 6943.00 6943.03 0.003204 1.37 164.44 152.72 0.22

chan-west-pr 1100    PF 1 219.00 6940.72 6942.47 6942.54 0.008194 2.39 111.15 165.41 0.40

chan-west-pr 1000    PF 1 219.00 6939.66 6941.18 6941.25 0.022125 2.15 101.76 105.80 0.39

chan-west-pr 900     PF 1 219.00 6937.05 6938.51 6938.58 0.032181 2.55 119.86 247.82 0.46

chan-west-pr 800     PF 1 219.00 6934.82 6936.27 6936.32 0.016822 2.05 129.79 189.89 0.35

chan-west-pr 700     PF 1 219.00 6932.96 6934.27 6934.34 0.023433 2.23 111.48 157.10 0.40

chan-west-pr 600     PF 1 219.00 6930.96 6932.36 6932.40 0.015395 1.88 150.73 251.93 0.33

chan-west-pr 500     PF 1 219.00 6928.39 6929.89 6930.03 0.041420 3.02 75.24 90.48 0.53

chan-west-pr 400     PF 1 219.00 6924.96 6927.85 6926.99 6927.93 0.012549 2.22 106.06 92.44 0.31

chan-west-pr 300     PF 1 219.00 6923.02 6924.34 6924.34 6924.79 0.153741 5.37 40.78 45.95 1.01

chan-west-pr 200     PF 1 219.00 6919.08 6920.93 6920.98 0.009384 1.74 125.54 93.95 0.27

chan-west-pr 100     PF 1 219.00 6918.00 6920.46 6920.49 0.002988 1.31 171.12 102.93 0.16

chan-west-pr 0       PF 1 219.00 6918.00 6919.89 6919.12 6919.94 0.013006 1.71 127.72 125.43 0.30

EXISTING WEST CHANNEL  100-Y



  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 2600    Profile: PF 1

 E.G. Elev (ft) 6967.93  Element Left OB Channel Right OB

 Vel Head (ft) 0.09  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6967.84  Reach Len. (ft) 108.00 100.00 88.00 

 Crit W.S. (ft)   Flow Area (sq ft)  92.25  

 E.G. Slope (ft/ft) 0.019536  Area (sq ft)  92.25  

 Q Total (cfs) 219.00  Flow (cfs)  219.00  

 Top Width (ft) 162.38  Top Width (ft)  162.38  

 Vel Total (ft/s) 2.37  Avg. Vel. (ft/s)  2.37  

 Max Chl Dpth (ft) 1.01  Hydr. Depth (ft)  0.57  

 Conv. Total (cfs) 1566.9  Conv. (cfs)  1566.9  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  162.40  

 Min Ch El (ft) 6966.83  Shear (lb/sq ft)  0.69  

 Alpha  1.00  Stream Power (lb/ft s)  1.64  

 Frctn Loss (ft) 2.02  Cum Volume (acre-ft) 0.37 5.02 0.38 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.91 5.32 1.02 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 2500    Profile: PF 1

 E.G. Elev (ft) 6965.91  Element Left OB Channel Right OB

 Vel Head (ft) 0.10  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6965.81  Reach Len. (ft) 132.00 100.00 59.00 

 Crit W.S. (ft)   Flow Area (sq ft)  84.70  

 E.G. Slope (ft/ft) 0.020926  Area (sq ft)  84.70  

 Q Total (cfs) 219.00  Flow (cfs)  219.00  

 Top Width (ft) 138.14  Top Width (ft)  138.14  

 Vel Total (ft/s) 2.59  Avg. Vel. (ft/s)  2.59  

 Max Chl Dpth (ft) 0.91  Hydr. Depth (ft)  0.61  

 Conv. Total (cfs) 1513.9  Conv. (cfs)  1513.9  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  138.16  

 Min Ch El (ft) 6964.90  Shear (lb/sq ft)  0.80  

 Alpha  1.00  Stream Power (lb/ft s)  2.07  

 Frctn Loss (ft) 1.54  Cum Volume (acre-ft) 0.37 4.82 0.38 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.91 4.98 1.02 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 2400    Profile: PF 1

 E.G. Elev (ft) 6964.37  Element Left OB Channel Right OB

 Vel Head (ft) 0.07  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6964.30  Reach Len. (ft) 113.00 100.00 91.00 

 Crit W.S. (ft)   Flow Area (sq ft)  104.95  

 E.G. Slope (ft/ft) 0.011755  Area (sq ft)  104.95  

 Q Total (cfs) 219.00  Flow (cfs)  219.00  

 Top Width (ft) 153.17  Top Width (ft)  153.17  

 Vel Total (ft/s) 2.09  Avg. Vel. (ft/s)  2.09  

 Max Chl Dpth (ft) 1.05  Hydr. Depth (ft)  0.69  

 Conv. Total (cfs) 2019.9  Conv. (cfs)  2019.9  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  153.19  

 Min Ch El (ft) 6963.25  Shear (lb/sq ft)  0.50  

 Alpha  1.00  Stream Power (lb/ft s)  1.05  

 Frctn Loss (ft) 1.84  Cum Volume (acre-ft) 0.37 4.60 0.38 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.91 4.64 1.02 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 2300    Profile: PF 1

 E.G. Elev (ft) 6962.53  Element Left OB Channel Right OB

 Vel Head (ft) 0.14  Wt. n-Val.   0.060 0.000 

 W.S. Elev (ft) 6962.39  Reach Len. (ft) 107.00 100.00 97.00 

 Crit W.S. (ft)   Flow Area (sq ft)  73.76 0.00 

 E.G. Slope (ft/ft) 0.032804  Area (sq ft)  73.76 0.00 

 Q Total (cfs) 219.00  Flow (cfs)  219.00 0.00 

EXISTING WEST CHANNEL  100-Y



Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 2300    Profile: PF 1 (Continued)

 Top Width (ft) 137.42  Top Width (ft)  136.89 0.53 

 Vel Total (ft/s) 2.97  Avg. Vel. (ft/s)  2.97 0.18 

 Max Chl Dpth (ft) 1.12  Hydr. Depth (ft)  0.54 0.01 

 Conv. Total (cfs) 1209.1  Conv. (cfs)  1209.1 0.0 

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  136.98 0.53 

 Min Ch El (ft) 6961.27  Shear (lb/sq ft)  1.10  

 Alpha  1.00  Stream Power (lb/ft s)  3.27  

 Frctn Loss (ft) 2.57  Cum Volume (acre-ft) 0.37 4.40 0.38 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.91 4.31 1.02 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 2200    Profile: PF 1

 E.G. Elev (ft) 6959.94  Element Left OB Channel Right OB

 Vel Head (ft) 0.11  Wt. n-Val.  0.060 0.060 0.060 

 W.S. Elev (ft) 6959.82  Reach Len. (ft) 74.00 100.00 110.00 

 Crit W.S. (ft)   Flow Area (sq ft) 0.12 80.80 0.04 

 E.G. Slope (ft/ft) 0.020694  Area (sq ft) 0.12 80.80 0.04 

 Q Total (cfs) 219.00  Flow (cfs) 0.05 218.94 0.01 

 Top Width (ft) 127.03  Top Width (ft) 3.52 121.67 1.84 

 Vel Total (ft/s) 2.70  Avg. Vel. (ft/s) 0.38 2.71 0.28 

 Max Chl Dpth (ft) 1.36  Hydr. Depth (ft) 0.03 0.66 0.02 

 Conv. Total (cfs) 1522.4  Conv. (cfs) 0.3 1522.0 0.1 

 Length Wtd. (ft) 100.00  Wetted Per. (ft) 3.52 121.81 1.85 

 Min Ch El (ft) 6958.46  Shear (lb/sq ft) 0.04 0.86 0.03 

 Alpha  1.00  Stream Power (lb/ft s) 0.02 2.32 0.01 

 Frctn Loss (ft) 2.15  Cum Volume (acre-ft) 0.37 4.22 0.38 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.90 4.01 1.01 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 2100    Profile: PF 1

 E.G. Elev (ft) 6957.79  Element Left OB Channel Right OB

 Vel Head (ft) 0.17  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6957.62  Reach Len. (ft) 92.00 100.00 83.00 

 Crit W.S. (ft)   Flow Area (sq ft)  65.40  

 E.G. Slope (ft/ft) 0.022265  Area (sq ft)  65.40  

 Q Total (cfs) 219.00  Flow (cfs)  219.00  

 Top Width (ft) 75.74  Top Width (ft)  75.74  

 Vel Total (ft/s) 3.35  Avg. Vel. (ft/s)  3.35  

 Max Chl Dpth (ft) 1.64  Hydr. Depth (ft)  0.86  

 Conv. Total (cfs) 1467.7  Conv. (cfs)  1467.7  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  75.82  

 Min Ch El (ft) 6955.98  Shear (lb/sq ft)  1.20  

 Alpha  1.00  Stream Power (lb/ft s)  4.02  

 Frctn Loss (ft) 1.41  Cum Volume (acre-ft) 0.36 4.05 0.38 

 C & E Loss (ft) 0.03  Cum SA (acres) 0.90 3.79 1.01 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 2000    Profile: PF 1

 E.G. Elev (ft) 6956.35  Element Left OB Channel Right OB

 Vel Head (ft) 0.09  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6956.26  Reach Len. (ft) 101.00 100.00 102.00 

 Crit W.S. (ft)   Flow Area (sq ft)  92.24  

 E.G. Slope (ft/ft) 0.009751  Area (sq ft)  92.24  

 Q Total (cfs) 219.00  Flow (cfs)  219.00  

 Top Width (ft) 96.35  Top Width (ft)  96.35  

 Vel Total (ft/s) 2.37  Avg. Vel. (ft/s)  2.37  

 Max Chl Dpth (ft) 1.69  Hydr. Depth (ft)  0.96  

 Conv. Total (cfs) 2217.7  Conv. (cfs)  2217.7  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  96.43  

 Min Ch El (ft) 6954.57  Shear (lb/sq ft)  0.58  



Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 2000    Profile: PF 1 (Continued)

 Alpha  1.00  Stream Power (lb/ft s)  1.38  

 Frctn Loss (ft) 1.63  Cum Volume (acre-ft) 0.36 3.87 0.38 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.90 3.59 1.01 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 1900    Profile: PF 1

 E.G. Elev (ft) 6954.71  Element Left OB Channel Right OB

 Vel Head (ft) 0.18  Wt. n-Val.   0.060 0.060 

 W.S. Elev (ft) 6954.54  Reach Len. (ft) 81.00 100.00 134.00 

 Crit W.S. (ft) 6954.40  Flow Area (sq ft)  64.40 0.35 

 E.G. Slope (ft/ft) 0.032488  Area (sq ft)  64.40 0.35 

 Q Total (cfs) 219.00  Flow (cfs)  218.65 0.35 

 Top Width (ft) 100.15  Top Width (ft)  96.95 3.20 

 Vel Total (ft/s) 3.38  Avg. Vel. (ft/s)  3.39 1.01 

 Max Chl Dpth (ft) 1.78  Hydr. Depth (ft)  0.66 0.11 

 Conv. Total (cfs) 1215.0  Conv. (cfs)  1213.1 1.9 

 Length Wtd. (ft) 100.03  Wetted Per. (ft)  97.10 3.21 

 Min Ch El (ft) 6952.76  Shear (lb/sq ft)  1.35 0.22 

 Alpha  1.01  Stream Power (lb/ft s)  4.57 0.22 

 Frctn Loss (ft) 2.64  Cum Volume (acre-ft) 0.36 3.69 0.38 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.90 3.37 1.01 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 1800    Profile: PF 1

 E.G. Elev (ft) 6952.07  Element Left OB Channel Right OB

 Vel Head (ft) 0.21  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6951.86  Reach Len. (ft) 97.00 100.00 124.00 

 Crit W.S. (ft)   Flow Area (sq ft)  59.71  

 E.G. Slope (ft/ft) 0.021810  Area (sq ft)  59.71  

 Q Total (cfs) 219.00  Flow (cfs)  219.00  

 Top Width (ft) 59.03  Top Width (ft)  59.03  

 Vel Total (ft/s) 3.67  Avg. Vel. (ft/s)  3.67  

 Max Chl Dpth (ft) 2.55  Hydr. Depth (ft)  1.01  

 Conv. Total (cfs) 1482.9  Conv. (cfs)  1482.9  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  59.46  

 Min Ch El (ft) 6949.31  Shear (lb/sq ft)  1.37  

 Alpha  1.00  Stream Power (lb/ft s)  5.01  

 Frctn Loss (ft) 2.22  Cum Volume (acre-ft) 0.36 3.55 0.37 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.90 3.19 1.00 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 1700    Profile: PF 1

 E.G. Elev (ft) 6949.84  Element Left OB Channel Right OB

 Vel Head (ft) 0.28  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6949.56  Reach Len. (ft) 110.00 100.00 96.00 

 Crit W.S. (ft)   Flow Area (sq ft)  51.75  

 E.G. Slope (ft/ft) 0.022659  Area (sq ft)  51.75  

 Q Total (cfs) 219.00  Flow (cfs)  219.00  

 Top Width (ft) 42.27  Top Width (ft)  42.27  

 Vel Total (ft/s) 4.23  Avg. Vel. (ft/s)  4.23  

 Max Chl Dpth (ft) 2.45  Hydr. Depth (ft)  1.22  

 Conv. Total (cfs) 1454.9  Conv. (cfs)  1454.9  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  42.79  

 Min Ch El (ft) 6947.11  Shear (lb/sq ft)  1.71  

 Alpha  1.00  Stream Power (lb/ft s)  7.24  

 Frctn Loss (ft) 1.40  Cum Volume (acre-ft) 0.36 3.42 0.37 

 C & E Loss (ft) 0.04  Cum SA (acres) 0.90 3.07 1.00 



  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 1600    Profile: PF 1

 E.G. Elev (ft) 6948.40  Element Left OB Channel Right OB

 Vel Head (ft) 0.14  Wt. n-Val.  0.060 0.060 0.060 

 W.S. Elev (ft) 6948.27  Reach Len. (ft) 109.00 100.00 92.00 

 Crit W.S. (ft)   Flow Area (sq ft) 0.27 73.21 1.28 

 E.G. Slope (ft/ft) 0.009453  Area (sq ft) 0.27 73.21 1.28 

 Q Total (cfs) 219.00  Flow (cfs) 0.14 218.02 0.84 

 Top Width (ft) 64.69  Top Width (ft) 2.67 53.00 9.02 

 Vel Total (ft/s) 2.93  Avg. Vel. (ft/s) 0.53 2.98 0.65 

 Max Chl Dpth (ft) 2.43  Hydr. Depth (ft) 0.10 1.38 0.14 

 Conv. Total (cfs) 2252.4  Conv. (cfs) 1.5 2242.4 8.6 

 Length Wtd. (ft) 99.99  Wetted Per. (ft) 2.68 53.22 9.03 

 Min Ch El (ft) 6945.84  Shear (lb/sq ft) 0.06 0.81 0.08 

 Alpha  1.03  Stream Power (lb/ft s) 0.03 2.42 0.05 

 Frctn Loss (ft) 1.42  Cum Volume (acre-ft) 0.36 3.28 0.37 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.89 2.96 0.99 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 1500    Profile: PF 1

 E.G. Elev (ft) 6946.99  Element Left OB Channel Right OB

 Vel Head (ft) 0.18  Wt. n-Val.  0.060 0.060 0.060 

 W.S. Elev (ft) 6946.80  Reach Len. (ft) 95.00 100.00 109.00 

 Crit W.S. (ft)   Flow Area (sq ft) 0.26 63.27 0.41 

 E.G. Slope (ft/ft) 0.023587  Area (sq ft) 0.26 63.27 0.41 

 Q Total (cfs) 219.00  Flow (cfs) 0.19 218.48 0.33 

 Top Width (ft) 80.32  Top Width (ft) 3.09 73.00 4.22 

 Vel Total (ft/s) 3.42  Avg. Vel. (ft/s) 0.74 3.45 0.80 

 Max Chl Dpth (ft) 1.89  Hydr. Depth (ft) 0.09 0.87 0.10 

 Conv. Total (cfs) 1426.0  Conv. (cfs) 1.3 1422.5 2.1 

 Length Wtd. (ft) 100.00  Wetted Per. (ft) 3.10 73.14 4.23 

 Min Ch El (ft) 6944.91  Shear (lb/sq ft) 0.13 1.27 0.14 

 Alpha  1.01  Stream Power (lb/ft s) 0.09 4.40 0.11 

 Frctn Loss (ft) 1.53  Cum Volume (acre-ft) 0.36 3.12 0.37 

 C & E Loss (ft) 0.03  Cum SA (acres) 0.89 2.82 0.98 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 1400    Profile: PF 1

 E.G. Elev (ft) 6945.42  Element Left OB Channel Right OB

 Vel Head (ft) 0.08  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6945.34  Reach Len. (ft) 69.00 100.00 114.80 

 Crit W.S. (ft)   Flow Area (sq ft)  96.66  

 E.G. Slope (ft/ft) 0.010717  Area (sq ft)  96.66  

 Q Total (cfs) 219.00  Flow (cfs)  219.00  

 Top Width (ft) 116.26  Top Width (ft)  116.26  

 Vel Total (ft/s) 2.27  Avg. Vel. (ft/s)  2.27  

 Max Chl Dpth (ft) 1.56  Hydr. Depth (ft)  0.83  

 Conv. Total (cfs) 2115.5  Conv. (cfs)  2115.5  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  116.35  

 Min Ch El (ft) 6943.78  Shear (lb/sq ft)  0.56  

 Alpha  1.00  Stream Power (lb/ft s)  1.26  

 Frctn Loss (ft) 1.62  Cum Volume (acre-ft) 0.36 2.94 0.37 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.88 2.60 0.97 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 1300    Profile: PF 1

 E.G. Elev (ft) 6943.79  Element Left OB Channel Right OB

 Vel Head (ft) 0.17  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6943.61  Reach Len. (ft) 108.00 100.00 101.00 

 Crit W.S. (ft)   Flow Area (sq ft)  65.41  

 E.G. Slope (ft/ft) 0.027384  Area (sq ft)  65.41  

 Q Total (cfs) 219.00  Flow (cfs)  219.00  



Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 1300    Profile: PF 1 (Continued)

 Top Width (ft) 88.53  Top Width (ft)  88.53  

 Vel Total (ft/s) 3.35  Avg. Vel. (ft/s)  3.35  

 Max Chl Dpth (ft) 1.42  Hydr. Depth (ft)  0.74  

 Conv. Total (cfs) 1323.4  Conv. (cfs)  1323.4  

 Length Wtd. (ft) 100.06  Wetted Per. (ft)  88.60  

 Min Ch El (ft) 6942.19  Shear (lb/sq ft)  1.26  

 Alpha  1.00  Stream Power (lb/ft s)  4.23  

 Frctn Loss (ft) 0.71  Cum Volume (acre-ft) 0.36 2.75 0.37 

 C & E Loss (ft) 0.04  Cum SA (acres) 0.88 2.37 0.97 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 1200    Profile: PF 1

 E.G. Elev (ft) 6943.03  Element Left OB Channel Right OB

 Vel Head (ft) 0.03  Wt. n-Val.  0.060 0.070 0.060 

 W.S. Elev (ft) 6943.00  Reach Len. (ft) 110.00 100.00 95.00 

 Crit W.S. (ft)   Flow Area (sq ft) 3.97 154.69 5.78 

 E.G. Slope (ft/ft) 0.003204  Area (sq ft) 3.97 154.69 5.78 

 Q Total (cfs) 219.00  Flow (cfs) 2.68 211.81 4.51 

 Top Width (ft) 152.72  Top Width (ft) 11.86 127.00 13.86 

 Vel Total (ft/s) 1.33  Avg. Vel. (ft/s) 0.68 1.37 0.78 

 Max Chl Dpth (ft) 2.22  Hydr. Depth (ft) 0.33 1.22 0.42 

 Conv. Total (cfs) 3868.7  Conv. (cfs) 47.4 3741.6 79.7 

 Length Wtd. (ft) 100.85  Wetted Per. (ft) 11.88 127.18 13.88 

 Min Ch El (ft) 6940.78  Shear (lb/sq ft) 0.07 0.24 0.08 

 Alpha  1.03  Stream Power (lb/ft s) 0.05 0.33 0.07 

 Frctn Loss (ft) 0.49  Cum Volume (acre-ft) 0.36 2.50 0.36 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.87 2.12 0.96 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 1100    Profile: PF 1

 E.G. Elev (ft) 6942.54  Element Left OB Channel Right OB

 Vel Head (ft) 0.07  Wt. n-Val.  0.060 0.060 0.060 

 W.S. Elev (ft) 6942.47  Reach Len. (ft) 119.00 100.00 95.00 

 Crit W.S. (ft)   Flow Area (sq ft) 31.32 70.48 9.35 

 E.G. Slope (ft/ft) 0.008194  Area (sq ft) 31.32 70.48 9.35 

 Q Total (cfs) 219.00  Flow (cfs) 41.51 168.36 9.13 

 Top Width (ft) 165.41  Top Width (ft) 68.91 64.00 32.49 

 Vel Total (ft/s) 1.97  Avg. Vel. (ft/s) 1.33 2.39 0.98 

 Max Chl Dpth (ft) 1.74  Hydr. Depth (ft) 0.45 1.10 0.29 

 Conv. Total (cfs) 2419.3  Conv. (cfs) 458.5 1859.9 100.9 

 Length Wtd. (ft) 101.70  Wetted Per. (ft) 68.93 64.07 32.50 

 Min Ch El (ft) 6940.72  Shear (lb/sq ft) 0.23 0.56 0.15 

 Alpha  1.23  Stream Power (lb/ft s) 0.31 1.34 0.14 

 Frctn Loss (ft) 1.29  Cum Volume (acre-ft) 0.31 2.24 0.35 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.77 1.90 0.91 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 1000    Profile: PF 1

 E.G. Elev (ft) 6941.25  Element Left OB Channel Right OB

 Vel Head (ft) 0.07  Wt. n-Val.   0.100  

 W.S. Elev (ft) 6941.18  Reach Len. (ft) 114.00 100.00 102.00 

 Crit W.S. (ft)   Flow Area (sq ft)  101.76  

 E.G. Slope (ft/ft) 0.022125  Area (sq ft)  101.76  

 Q Total (cfs) 219.00  Flow (cfs)  219.00  

 Top Width (ft) 105.80  Top Width (ft)  105.80  

 Vel Total (ft/s) 2.15  Avg. Vel. (ft/s)  2.15  

 Max Chl Dpth (ft) 1.52  Hydr. Depth (ft)  0.96  

 Conv. Total (cfs) 1472.3  Conv. (cfs)  1472.3  

 Length Wtd. (ft) 100.62  Wetted Per. (ft)  105.92  

 Min Ch El (ft) 6939.66  Shear (lb/sq ft)  1.33  



Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 1000    Profile: PF 1 (Continued)

 Alpha  1.00  Stream Power (lb/ft s)  2.86  

 Frctn Loss (ft) 2.66  Cum Volume (acre-ft) 0.27 2.04 0.34 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.67 1.70 0.87 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 900    Profile: PF 1

 E.G. Elev (ft) 6938.58  Element Left OB Channel Right OB

 Vel Head (ft) 0.07  Wt. n-Val.  0.100 0.100 0.100 

 W.S. Elev (ft) 6938.51  Reach Len. (ft) 102.00 100.00 99.00 

 Crit W.S. (ft)   Flow Area (sq ft) 5.00 45.00 69.86 

 E.G. Slope (ft/ft) 0.032181  Area (sq ft) 5.00 45.00 69.86 

 Q Total (cfs) 219.00  Flow (cfs) 5.35 114.64 99.02 

 Top Width (ft) 247.82  Top Width (ft) 19.70 48.00 180.12 

 Vel Total (ft/s) 1.83  Avg. Vel. (ft/s) 1.07 2.55 1.42 

 Max Chl Dpth (ft) 1.46  Hydr. Depth (ft) 0.25 0.94 0.39 

 Conv. Total (cfs) 1220.8  Conv. (cfs) 29.8 639.0 552.0 

 Length Wtd. (ft) 99.82  Wetted Per. (ft) 19.71 48.17 180.16 

 Min Ch El (ft) 6937.05  Shear (lb/sq ft) 0.51 1.88 0.78 

 Alpha  1.30  Stream Power (lb/ft s) 0.55 4.78 1.10 

 Frctn Loss (ft) 2.26  Cum Volume (acre-ft) 0.26 1.88 0.26 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.65 1.53 0.66 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 800    Profile: PF 1

 E.G. Elev (ft) 6936.32  Element Left OB Channel Right OB

 Vel Head (ft) 0.05  Wt. n-Val.  0.100 0.100 0.100 

 W.S. Elev (ft) 6936.27  Reach Len. (ft) 92.00 100.00 105.00 

 Crit W.S. (ft)   Flow Area (sq ft) 17.86 81.23 30.70 

 E.G. Slope (ft/ft) 0.016822  Area (sq ft) 17.86 81.23 30.70 

 Q Total (cfs) 219.00  Flow (cfs) 20.07 166.58 32.35 

 Top Width (ft) 189.89  Top Width (ft) 40.10 74.00 75.79 

 Vel Total (ft/s) 1.69  Avg. Vel. (ft/s) 1.12 2.05 1.05 

 Max Chl Dpth (ft) 1.44  Hydr. Depth (ft) 0.45 1.10 0.41 

 Conv. Total (cfs) 1688.5  Conv. (cfs) 154.7 1284.4 249.5 

 Length Wtd. (ft) 99.78  Wetted Per. (ft) 40.11 74.01 75.92 

 Min Ch El (ft) 6934.82  Shear (lb/sq ft) 0.47 1.15 0.42 

 Alpha  1.22  Stream Power (lb/ft s) 0.53 2.36 0.45 

 Frctn Loss (ft) 1.97  Cum Volume (acre-ft) 0.24 1.73 0.14 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.58 1.39 0.37 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 700    Profile: PF 1

 E.G. Elev (ft) 6934.34  Element Left OB Channel Right OB

 Vel Head (ft) 0.07  Wt. n-Val.  0.100 0.100 0.100 

 W.S. Elev (ft) 6934.27  Reach Len. (ft) 123.00 100.00 93.00 

 Crit W.S. (ft)   Flow Area (sq ft) 16.55 79.73 15.20 

 E.G. Slope (ft/ft) 0.023433  Area (sq ft) 16.55 79.73 15.20 

 Q Total (cfs) 219.00  Flow (cfs) 23.21 177.99 17.81 

 Top Width (ft) 157.10  Top Width (ft) 34.17 82.00 40.93 

 Vel Total (ft/s) 1.96  Avg. Vel. (ft/s) 1.40 2.23 1.17 

 Max Chl Dpth (ft) 1.31  Hydr. Depth (ft) 0.48 0.97 0.37 

 Conv. Total (cfs) 1430.7  Conv. (cfs) 151.6 1162.7 116.3 

 Length Wtd. (ft) 103.16  Wetted Per. (ft) 34.19 82.01 41.11 

 Min Ch El (ft) 6932.96  Shear (lb/sq ft) 0.71 1.42 0.54 

 Alpha  1.13  Stream Power (lb/ft s) 0.99 3.17 0.63 

 Frctn Loss (ft) 1.94  Cum Volume (acre-ft) 0.20 1.55 0.09 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.50 1.21 0.23 



  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 600    Profile: PF 1

 E.G. Elev (ft) 6932.40  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.100 0.100 0.100 

 W.S. Elev (ft) 6932.36  Reach Len. (ft) 106.00 100.00 82.00 

 Crit W.S. (ft)   Flow Area (sq ft) 51.16 73.05 26.53 

 E.G. Slope (ft/ft) 0.015395  Area (sq ft) 51.16 73.05 26.53 

 Q Total (cfs) 219.00  Flow (cfs) 51.63 137.23 30.14 

 Top Width (ft) 251.93  Top Width (ft) 126.26 71.00 54.67 

 Vel Total (ft/s) 1.45  Avg. Vel. (ft/s) 1.01 1.88 1.14 

 Max Chl Dpth (ft) 1.40  Hydr. Depth (ft) 0.41 1.03 0.49 

 Conv. Total (cfs) 1765.1  Conv. (cfs) 416.2 1106.0 242.9 

 Length Wtd. (ft) 99.43  Wetted Per. (ft) 126.30 71.02 54.84 

 Min Ch El (ft) 6930.96  Shear (lb/sq ft) 0.39 0.99 0.46 

 Alpha  1.25  Stream Power (lb/ft s) 0.39 1.86 0.53 

 Frctn Loss (ft) 2.36  Cum Volume (acre-ft) 0.11 1.37 0.04 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.27 1.03 0.13 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 500    Profile: PF 1

 E.G. Elev (ft) 6930.03  Element Left OB Channel Right OB

 Vel Head (ft) 0.14  Wt. n-Val.  0.100 0.100 0.100 

 W.S. Elev (ft) 6929.89  Reach Len. (ft) 91.00 100.00 115.00 

 Crit W.S. (ft)   Flow Area (sq ft) 2.45 70.91 1.88 

 E.G. Slope (ft/ft) 0.041420  Area (sq ft) 2.45 70.91 1.88 

 Q Total (cfs) 219.00  Flow (cfs) 2.83 214.18 1.98 

 Top Width (ft) 90.48  Top Width (ft) 10.32 71.00 9.16 

 Vel Total (ft/s) 2.91  Avg. Vel. (ft/s) 1.16 3.02 1.05 

 Max Chl Dpth (ft) 1.50  Hydr. Depth (ft) 0.24 1.00 0.21 

 Conv. Total (cfs) 1076.1  Conv. (cfs) 13.9 1052.4 9.7 

 Length Wtd. (ft) 99.82  Wetted Per. (ft) 10.33 71.04 9.17 

 Min Ch El (ft) 6928.39  Shear (lb/sq ft) 0.61 2.58 0.53 

 Alpha  1.06  Stream Power (lb/ft s) 0.71 7.80 0.56 

 Frctn Loss (ft) 2.08  Cum Volume (acre-ft) 0.04 1.20 0.02 

 C & E Loss (ft) 0.02  Cum SA (acres) 0.11 0.87 0.07 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 400    Profile: PF 1

 E.G. Elev (ft) 6927.93  Element Left OB Channel Right OB

 Vel Head (ft) 0.07  Wt. n-Val.  0.100 0.100 0.100 

 W.S. Elev (ft) 6927.85  Reach Len. (ft) 172.00 100.00 180.00 

 Crit W.S. (ft) 6926.99  Flow Area (sq ft) 11.20 93.39 1.48 

 E.G. Slope (ft/ft) 0.012549  Area (sq ft) 11.20 93.39 1.48 

 Q Total (cfs) 219.00  Flow (cfs) 10.71 207.39 0.90 

 Top Width (ft) 92.44  Top Width (ft) 25.67 60.00 6.76 

 Vel Total (ft/s) 2.06  Avg. Vel. (ft/s) 0.96 2.22 0.60 

 Max Chl Dpth (ft) 2.89  Hydr. Depth (ft) 0.44 1.56 0.22 

 Conv. Total (cfs) 1955.0  Conv. (cfs) 95.6 1851.4 8.0 

 Length Wtd. (ft) 101.92  Wetted Per. (ft) 25.69 60.60 6.78 

 Min Ch El (ft) 6924.96  Shear (lb/sq ft) 0.34 1.21 0.17 

 Alpha  1.11  Stream Power (lb/ft s) 0.33 2.68 0.10 

 Frctn Loss (ft) 3.10  Cum Volume (acre-ft) 0.03 1.02 0.01 

 C & E Loss (ft) 0.04  Cum SA (acres) 0.07 0.72 0.05 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 300    Profile: PF 1

 E.G. Elev (ft) 6924.79  Element Left OB Channel Right OB

 Vel Head (ft) 0.45  Wt. n-Val.   0.100  

 W.S. Elev (ft) 6924.34  Reach Len. (ft) 106.00 100.00 108.00 

 Crit W.S. (ft) 6924.34  Flow Area (sq ft)  40.78  

 E.G. Slope (ft/ft) 0.153741  Area (sq ft)  40.78  

 Q Total (cfs) 219.00  Flow (cfs)  219.00  



Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 300    Profile: PF 1 (Continued)

 Top Width (ft) 45.95  Top Width (ft)  45.95  

 Vel Total (ft/s) 5.37  Avg. Vel. (ft/s)  5.37  

 Max Chl Dpth (ft) 1.32  Hydr. Depth (ft)  0.89  

 Conv. Total (cfs) 558.5  Conv. (cfs)  558.5  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  46.07  

 Min Ch El (ft) 6923.02  Shear (lb/sq ft)  8.49  

 Alpha  1.00  Stream Power (lb/ft s)  45.62  

 Frctn Loss (ft) 2.41  Cum Volume (acre-ft) 0.00 0.86 0.01 

 C & E Loss (ft) 0.12  Cum SA (acres) 0.02 0.60 0.03 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 200    Profile: PF 1

 E.G. Elev (ft) 6920.98  Element Left OB Channel Right OB

 Vel Head (ft) 0.05  Wt. n-Val.   0.100  

 W.S. Elev (ft) 6920.93  Reach Len. (ft) 81.00 100.00 107.00 

 Crit W.S. (ft)   Flow Area (sq ft)  125.54  

 E.G. Slope (ft/ft) 0.009384  Area (sq ft)  125.54  

 Q Total (cfs) 219.00  Flow (cfs)  219.00  

 Top Width (ft) 93.95  Top Width (ft)  93.95  

 Vel Total (ft/s) 1.74  Avg. Vel. (ft/s)  1.74  

 Max Chl Dpth (ft) 1.85  Hydr. Depth (ft)  1.34  

 Conv. Total (cfs) 2260.7  Conv. (cfs)  2260.7  

 Length Wtd. (ft) 99.99  Wetted Per. (ft)  94.10  

 Min Ch El (ft) 6919.08  Shear (lb/sq ft)  0.78  

 Alpha  1.00  Stream Power (lb/ft s)  1.36  

 Frctn Loss (ft) 0.49  Cum Volume (acre-ft) 0.00 0.67 0.01 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.02 0.44 0.03 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 100    Profile: PF 1

 E.G. Elev (ft) 6920.49  Element Left OB Channel Right OB

 Vel Head (ft) 0.03  Wt. n-Val.  0.100 0.100 0.100 

 W.S. Elev (ft) 6920.46  Reach Len. (ft) 101.00 100.00 107.00 

 Crit W.S. (ft)   Flow Area (sq ft) 2.16 165.86 3.09 

 E.G. Slope (ft/ft) 0.002988  Area (sq ft) 2.16 165.86 3.09 

 Q Total (cfs) 219.00  Flow (cfs) 0.69 217.37 0.94 

 Top Width (ft) 102.93  Top Width (ft) 8.80 80.70 13.44 

 Vel Total (ft/s) 1.28  Avg. Vel. (ft/s) 0.32 1.31 0.30 

 Max Chl Dpth (ft) 2.46  Hydr. Depth (ft) 0.25 2.06 0.23 

 Conv. Total (cfs) 4006.3  Conv. (cfs) 12.6 3976.4 17.3 

 Length Wtd. (ft) 100.02  Wetted Per. (ft) 8.81 80.93 13.44 

 Min Ch El (ft) 6918.00  Shear (lb/sq ft) 0.05 0.38 0.04 

 Alpha  1.04  Stream Power (lb/ft s) 0.01 0.50 0.01 

 Frctn Loss (ft) 0.55  Cum Volume (acre-ft) 0.00 0.34 0.00 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.01 0.24 0.02 

  

Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 0    Profile: PF 1

 E.G. Elev (ft) 6919.94  Element Left OB Channel Right OB

 Vel Head (ft) 0.05  Wt. n-Val.   0.100  

 W.S. Elev (ft) 6919.89  Reach Len. (ft)    

 Crit W.S. (ft) 6919.12  Flow Area (sq ft)  127.72  

 E.G. Slope (ft/ft) 0.013006  Area (sq ft)  127.72  

 Q Total (cfs) 219.00  Flow (cfs)  219.00  

 Top Width (ft) 125.43  Top Width (ft)  125.43  

 Vel Total (ft/s) 1.71  Avg. Vel. (ft/s)  1.71  

 Max Chl Dpth (ft) 1.89  Hydr. Depth (ft)  1.02  

 Conv. Total (cfs) 1920.3  Conv. (cfs)  1920.3  

 Length Wtd. (ft)   Wetted Per. (ft)  125.49  

 Min Ch El (ft) 6918.00  Shear (lb/sq ft)  0.83  



Plan: Plan 02    WEST CHAN EX NEW    chan-west-pr  RS: 0    Profile: PF 1 (Continued)

 Alpha  1.00  Stream Power (lb/ft s)  1.42  

 Frctn Loss (ft)   Cum Volume (acre-ft)    

 C & E Loss (ft)   Cum SA (acres)    
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HEC-RAS  Plan: Plan p02   River: WEST PR   Reach: chan-west-pr    Profile: PF 1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

chan-west-pr 2600    PF 1 216.00 6966.83 6967.85 6967.93 0.018480 2.32 93.12 162.80 0.54

chan-west-pr 2500    PF 1 216.00 6964.90 6965.79 6965.90 0.022300 2.63 82.02 136.48 0.60

chan-west-pr 2400    PF 1 216.00 6963.25 6964.31 6964.37 0.010916 2.03 106.60 153.80 0.43

chan-west-pr 2300    PF 1 216.00 6961.27 6962.36 6962.51 0.038187 3.10 69.57 135.31 0.76

chan-west-pr 2200    PF 1 216.00 6958.46 6959.85 6959.95 0.018192 2.56 84.60 129.59 0.55

chan-west-pr 2100    PF 1 216.00 6955.98 6957.55 6957.75 0.026921 3.58 60.39 73.05 0.69

chan-west-pr 2000    PF 1 216.00 6954.57 6956.33 6956.40 0.007727 2.18 99.00 98.58 0.38

chan-west-pr 1950    PF 1 216.00 6953.44 6955.36 6955.46 0.011788 2.46 87.67 99.87 0.46

chan-west-pr 1900    PF 1 216.00 6952.76 6954.87 6954.38 6954.94 0.008956 2.16 100.08 113.09 0.40

chan-west-pr 1850    PF 1 216.00 6951.60 6953.21 6953.01 6953.42 0.030541 3.71 58.24 73.36 0.73

chan-west-pr 1800    PF 1 216.00 6949.31 6951.80 6952.03 0.025255 3.86 55.89 57.00 0.69

chan-west-pr 1700    PF 1 216.00 6947.11 6949.64 6949.88 0.018555 3.92 55.10 43.46 0.61

chan-west-pr 1600    PF 1 216.00 6945.84 6948.22 6948.36 0.012317 3.01 71.84 62.56 0.49

chan-west-pr 1500    PF 1 216.00 6944.87 6947.05 6946.56 6947.15 0.011620 2.58 83.70 87.87 0.47

chan-west-pr 1420    PF 1 216.00 6944.50 6945.02 6945.02 6945.27 0.068516 4.00 54.01 111.39 1.01

chan-west-pr 1400    PF 1 216.00 6941.00 6942.37 6942.41 0.002807 1.55 138.97 107.50 0.24

chan-west-pr 1380    PF 1 216.00 6940.70 6942.34 6942.36 0.001351 1.25 173.31 109.24 0.17

chan-west-pr 1340    PF 1 216.00 6940.60 6942.23 6942.25 0.001417 1.23 175.39 115.13 0.18

chan-west-pr 1300    PF 1 216.00 6939.80 6942.22 6942.22 0.000333 0.77 279.82 126.09 0.09

chan-west-pr 1200    PF 1 216.00 6938.25 6942.20 6938.86 6942.21 0.000098 0.60 372.36 110.12 0.05

chan-west-pr 1042.5  Culvert

chan-west-pr 900     PF 1 222.00 6935.37 6937.11 6937.14 0.004750 1.34 165.57 110.24 0.19

chan-west-pr 800     PF 1 222.00 6934.42 6936.21 6936.25 0.022095 1.63 144.44 278.92 0.36

chan-west-pr 700     PF 1 222.00 6932.80 6934.12 6934.18 0.019070 1.95 116.30 143.24 0.36

chan-west-pr 600     PF 1 222.00 6930.86 6932.39 6932.44 0.016205 1.95 149.98 250.89 0.34

chan-west-pr 500     PF 1 222.00 6928.40 6929.94 6930.06 0.039501 2.71 81.86 92.95 0.51

chan-west-pr 400     PF 1 222.00 6924.97 6927.96 6928.01 0.012296 1.94 114.60 89.83 0.30

chan-west-pr 350     PF 1 222.00 6924.50 6926.03 6926.15 0.031127 2.79 79.58 74.47 0.47

chan-west-pr 300     PF 1 222.00 6922.38 6924.66 6924.78 0.024170 2.76 80.46 61.39 0.42

chan-west-pr 250     PF 1 222.00 6920.20 6921.88 6922.03 0.031497 3.04 73.10 58.98 0.48

chan-west-pr 200     PF 1 222.00 6919.30 6921.01 6921.07 0.012198 1.85 119.81 99.73 0.30

chan-west-pr 100     PF 1 222.00 6918.00 6920.46 6920.49 0.003285 1.33 169.27 98.32 0.17

chan-west-pr 0       PF 1 222.00 6918.00 6919.14 6919.14 6919.45 0.172225 4.46 49.81 81.02 1.00

PROPOSED WEST CHANNEL  100-Y

CDurham
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1.01
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Please add station on each side of 1420 to verify limits of supercritical flows



  

HEC-RAS  Plan: Plan p02   River: WEST PR   Reach: chan-west-pr    Profile: PF 1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

chan-west-pr 2600    PF 1 216.00 6966.83 6967.79 6967.63 6967.89 0.017175 2.56 84.41 158.48 0.62

chan-west-pr 2500    PF 1 216.00 6964.90 6965.69 6965.84 0.024719 3.11 69.55 128.33 0.74

chan-west-pr 2400    PF 1 216.00 6963.25 6964.24 6964.32 0.010073 2.23 96.68 149.12 0.49

chan-west-pr 2300    PF 1 216.00 6961.27 6962.28 6962.26 6962.49 0.041941 3.62 59.72 130.26 0.94

chan-west-pr 2200    PF 1 216.00 6958.46 6959.79 6959.91 0.017246 2.83 76.25 123.46 0.63

chan-west-pr 2100    PF 1 216.00 6955.98 6957.42 6957.32 6957.70 0.029231 4.21 51.33 68.02 0.85

chan-west-pr 2000    PF 1 216.00 6954.57 6956.21 6956.31 0.007626 2.46 87.71 94.82 0.45

chan-west-pr 1950    PF 1 216.00 6953.44 6955.25 6955.37 0.011652 2.82 76.73 93.26 0.55

chan-west-pr 1900    PF 1 216.00 6952.76 6954.78 6954.38 6954.87 0.008390 2.39 90.40 109.75 0.46

chan-west-pr 1850    PF 1 216.00 6951.60 6953.08 6953.01 6953.38 0.032710 4.36 49.50 67.61 0.90

chan-west-pr 1800    PF 1 216.00 6949.31 6951.68 6951.98 0.024247 4.38 49.32 53.15 0.80

chan-west-pr 1700    PF 1 216.00 6947.11 6949.45 6949.78 0.020085 4.61 46.90 40.52 0.75

chan-west-pr 1600    PF 1 216.00 6945.84 6948.07 6948.26 0.011361 3.42 63.14 56.04 0.57

chan-west-pr 1500    PF 1 216.00 6944.87 6946.90 6946.56 6947.05 0.012741 3.04 70.97 81.92 0.58

chan-west-pr 1420    PF 1 216.00 6944.50 6945.02 6945.02 6945.27 0.047580 4.00 54.01 111.39 1.01

chan-west-pr 1400    PF 1 216.00 6941.00 6942.32 6942.36 0.002224 1.62 133.37 107.07 0.26

chan-west-pr 1380    PF 1 216.00 6940.70 6942.30 6942.32 0.001025 1.28 168.68 108.87 0.18

chan-west-pr 1340    PF 1 216.00 6940.60 6942.22 6942.24 0.001009 1.24 173.98 115.03 0.18

chan-west-pr 1300    PF 1 216.00 6939.80 6942.21 6942.22 0.000233 0.77 279.20 126.05 0.09

chan-west-pr 1200    PF 1 216.00 6938.25 6942.20 6938.86 6942.21 0.000068 0.60 372.36 110.12 0.05

chan-west-pr 1042.5  Culvert

chan-west-pr 900     PF 1 222.00 6935.37 6936.69 6936.75 0.003267 1.84 120.60 106.71 0.31

chan-west-pr 800     PF 1 222.00 6934.42 6935.91 6935.77 6936.05 0.024326 3.02 73.53 142.09 0.73

chan-west-pr 700     PF 1 222.00 6932.80 6933.81 6933.64 6933.94 0.018335 2.96 75.02 120.07 0.66

chan-west-pr 600     PF 1 222.00 6930.86 6932.16 6932.02 6932.29 0.015242 3.19 92.43 239.64 0.62

chan-west-pr 500     PF 1 222.00 6928.40 6929.54 6929.54 6929.87 0.043896 4.61 48.16 75.54 1.02

chan-west-pr 400     PF 1 222.00 6924.97 6927.42 6927.00 6927.58 0.011766 3.15 70.51 72.58 0.56

chan-west-pr 350     PF 1 222.00 6924.50 6925.65 6925.92 0.024709 4.14 53.58 64.05 0.80

chan-west-pr 300     PF 1 222.00 6922.38 6924.03 6924.00 6924.42 0.036342 5.02 44.26 53.01 0.97

chan-west-pr 250     PF 1 222.00 6920.20 6921.53 6921.30 6921.80 0.019310 4.16 53.37 52.66 0.73

chan-west-pr 200     PF 1 222.00 6919.30 6920.34 6920.58 0.031158 3.93 56.53 87.22 0.86

chan-west-pr 100     PF 1 222.00 6918.00 6919.96 6920.01 0.001986 1.78 124.92 80.15 0.25

chan-west-pr 0       PF 1 222.00 6918.00 6919.14 6919.14 6919.45 0.043056 4.46 49.81 81.02 1.00

PROPOSED WEST CHANNEL  100-Y 
W/ 0.05 MANNING'S M



  

HEC-RAS  Plan: Plan p02   River: WEST PR   Reach: chan-west-pr    Profile: PF 1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

chan-west-pr 2600    PF 1 34.00 6966.83 6967.39 6967.26 6967.42 0.019407 1.25 27.18 124.51 0.47

chan-west-pr 2500    PF 1 34.00 6964.90 6965.27 6965.18 6965.31 0.023072 1.48 22.93 92.66 0.53

chan-west-pr 2400    PF 1 34.00 6963.25 6963.72 6963.74 0.011246 1.15 29.48 101.26 0.38

chan-west-pr 2300    PF 1 34.00 6961.27 6961.88 6961.94 0.032970 1.93 17.64 62.76 0.64

chan-west-pr 2200    PF 1 34.00 6958.46 6959.12 6959.17 0.023467 1.87 18.22 52.79 0.56

chan-west-pr 2100    PF 1 34.00 6955.98 6956.76 6956.83 0.023358 2.11 16.09 38.55 0.58

chan-west-pr 2000    PF 1 34.00 6954.57 6955.41 6955.44 0.009227 1.36 25.06 58.15 0.36

chan-west-pr 1950    PF 1 34.00 6953.44 6954.52 6954.55 0.008387 1.39 24.48 51.04 0.35

chan-west-pr 1900    PF 1 34.00 6952.76 6954.13 6954.15 0.007689 1.18 28.79 71.67 0.33

chan-west-pr 1850    PF 1 34.00 6951.60 6952.31 6952.28 6952.45 0.063385 3.08 11.03 31.69 0.92

chan-west-pr 1800    PF 1 34.00 6949.31 6950.83 6950.91 0.017923 2.22 15.33 27.65 0.53

chan-west-pr 1700    PF 1 34.00 6947.11 6948.42 6948.32 6948.54 0.032435 2.70 12.60 26.41 0.69

chan-west-pr 1600    PF 1 34.00 6945.84 6947.03 6947.08 0.008140 1.71 19.85 29.43 0.37

chan-west-pr 1500    PF 1 34.00 6944.87 6946.24 6945.79 6946.27 0.007907 1.32 25.84 55.78 0.34

chan-west-pr 1420    PF 1 34.00 6944.50 6944.65 6944.65 6944.73 0.099195 2.21 15.36 101.65 1.00

chan-west-pr 1400    PF 1 34.00 6941.00 6941.28 6941.30 0.014911 1.27 26.74 97.99 0.43

chan-west-pr 1380    PF 1 34.00 6940.70 6941.22 6941.22 0.001572 0.63 54.06 104.98 0.15

chan-west-pr 1340    PF 1 34.00 6940.60 6940.75 6940.75 6940.83 0.098507 2.21 15.38 101.36 1.00

chan-west-pr 1300    PF 1 34.00 6939.80 6940.14 6940.15 0.006408 0.95 35.90 108.65 0.29

chan-west-pr 1200    PF 1 34.00 6938.25 6938.43 6938.43 6938.52 0.096858 2.42 14.04 79.74 1.02

chan-west-pr 1042.5  Culvert

chan-west-pr 900     PF 1 37.00 6935.37 6936.14 6936.15 0.002971 0.59 63.01 102.01 0.13

chan-west-pr 800     PF 1 37.00 6934.42 6935.48 6935.51 0.022046 1.25 29.59 69.26 0.34

chan-west-pr 700     PF 1 37.00 6932.80 6933.46 6933.48 0.018734 1.01 36.53 103.87 0.30

chan-west-pr 600     PF 1 37.00 6930.86 6931.79 6931.81 0.015012 1.18 35.30 108.59 0.29

chan-west-pr 500     PF 1 37.00 6928.40 6929.11 6929.16 0.058101 1.86 19.90 53.15 0.54

chan-west-pr 400     PF 1 37.00 6924.97 6926.72 6926.75 0.013131 1.26 29.31 45.48 0.28

chan-west-pr 350     PF 1 37.00 6924.50 6925.24 6925.26 0.016955 1.27 29.06 54.39 0.31

chan-west-pr 300     PF 1 37.00 6922.38 6923.24 6923.39 0.137106 3.12 11.87 27.76 0.84

chan-west-pr 250     PF 1 37.00 6920.20 6921.11 6921.13 0.008662 1.12 33.03 45.23 0.23

chan-west-pr 200     PF 1 37.00 6919.30 6919.78 6919.78 6919.90 0.234212 2.78 13.33 55.53 1.00

chan-west-pr 100     PF 1 37.00 6918.00 6919.17 6919.17 0.001401 0.55 66.69 66.81 0.10

chan-west-pr 0       PF 1 37.00 6918.00 6918.53 6918.53 6918.68 0.231293 3.07 12.05 42.77 1.02

PROPOSED WEST CHANNEL 5-Y



  

HEC-RAS  Plan: Plan p02   River: WEST PR   Reach: chan-west-pr    Profile: PF 1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

chan-west-pr 2600    PF 1 22.00 6966.83 6967.33 6967.19 6967.35 0.020117 1.10 19.95 113.38 0.46

chan-west-pr 2500    PF 1 22.00 6964.90 6965.21 6965.24 0.022153 1.26 17.51 87.97 0.50

chan-west-pr 2400    PF 1 22.00 6963.25 6963.63 6963.65 0.011997 1.03 21.38 91.49 0.38

chan-west-pr 2300    PF 1 22.00 6961.27 6961.81 6961.85 0.029694 1.65 13.30 55.03 0.59

chan-west-pr 2200    PF 1 22.00 6958.46 6959.01 6959.05 0.026173 1.73 12.73 44.90 0.57

chan-west-pr 2100    PF 1 22.00 6955.98 6956.65 6956.70 0.021236 1.83 12.01 33.18 0.54

chan-west-pr 2000    PF 1 22.00 6954.57 6955.28 6955.30 0.009888 1.23 17.92 50.86 0.36

chan-west-pr 1950    PF 1 22.00 6953.44 6954.38 6954.40 0.008119 1.24 17.71 42.62 0.34

chan-west-pr 1900    PF 1 22.00 6952.76 6954.01 6954.02 0.007109 1.06 20.67 56.66 0.31

chan-west-pr 1850    PF 1 22.00 6951.60 6952.17 6952.17 6952.32 0.081723 3.05 7.22 25.51 1.01

chan-west-pr 1800    PF 1 22.00 6949.31 6950.69 6950.75 0.015060 1.88 11.73 23.85 0.47

chan-west-pr 1700    PF 1 22.00 6947.11 6948.27 6948.19 6948.37 0.042397 2.53 8.68 24.46 0.75

chan-west-pr 1600    PF 1 22.00 6945.84 6946.85 6946.89 0.007356 1.47 14.97 25.90 0.34

chan-west-pr 1500    PF 1 22.00 6944.87 6946.13 6946.14 0.007503 1.12 19.58 51.49 0.32

chan-west-pr 1420    PF 1 22.00 6944.50 6944.62 6944.62 6944.67 0.098664 1.86 11.81 100.70 0.96

chan-west-pr 1400    PF 1 22.00 6941.00 6941.17 6941.20 0.029371 1.31 16.74 97.06 0.56

chan-west-pr 1380    PF 1 22.00 6940.70 6941.12 6941.12 0.001353 0.51 43.50 104.80 0.14

chan-west-pr 1340    PF 1 22.00 6940.60 6940.72 6940.72 6940.77 0.093407 1.83 12.02 101.05 0.94

chan-west-pr 1300    PF 1 22.00 6939.80 6940.06 6940.07 0.006238 0.79 27.80 108.02 0.27

chan-west-pr 1200    PF 1 22.00 6938.25 6938.38 6938.38 6938.45 0.104661 2.09 10.55 79.38 1.01

chan-west-pr 1042.5  Culvert

chan-west-pr 900     PF 1 24.00 6935.37 6935.98 6935.99 0.003222 0.51 46.99 99.69 0.13

chan-west-pr 800     PF 1 24.00 6934.42 6935.31 6935.33 0.018974 1.19 20.13 45.24 0.32

chan-west-pr 700     PF 1 24.00 6932.80 6933.35 6933.37 0.020207 0.93 25.84 88.60 0.30

chan-west-pr 600     PF 1 24.00 6930.86 6931.67 6931.69 0.014339 1.02 24.64 77.53 0.27

chan-west-pr 500     PF 1 24.00 6928.40 6928.99 6929.03 0.064695 1.72 13.96 45.44 0.55

chan-west-pr 400     PF 1 24.00 6924.97 6926.53 6926.55 0.013000 1.13 21.20 38.42 0.27

chan-west-pr 350     PF 1 24.00 6924.50 6925.12 6925.13 0.015306 1.06 22.62 51.55 0.28

chan-west-pr 300     PF 1 24.00 6922.38 6923.05 6923.05 6923.22 0.215184 3.31 7.24 21.69 1.01

chan-west-pr 250     PF 1 24.00 6920.20 6920.94 6920.95 0.007874 0.94 25.48 42.14 0.21

chan-west-pr 200     PF 1 24.00 6919.30 6919.70 6919.70 6919.80 0.246084 2.54 9.45 46.77 1.00

chan-west-pr 100     PF 1 24.00 6918.00 6918.97 6918.98 0.001118 0.44 53.93 63.53 0.09

chan-west-pr 0       PF 1 24.00 6918.00 6918.45 6918.45 6918.57 0.237386 2.76 8.70 36.96 1.00

PROPOSED WEST CHANNEL 2-Y



  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 2600    Profile: PF 1

 E.G. Elev (ft) 6967.93  Element Left OB Channel Right OB

 Vel Head (ft) 0.08  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6967.85  Reach Len. (ft) 92.00 100.00 105.00 

 Crit W.S. (ft)   Flow Area (sq ft)  93.12  

 E.G. Slope (ft/ft) 0.018480  Area (sq ft)  93.12  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

 Top Width (ft) 162.80  Top Width (ft)  162.80  

 Vel Total (ft/s) 2.32  Avg. Vel. (ft/s)  2.32  

 Max Chl Dpth (ft) 1.02  Hydr. Depth (ft)  0.57  

 Conv. Total (cfs) 1588.9  Conv. (cfs)  1588.9  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  162.82  

 Min Ch El (ft) 6966.83  Shear (lb/sq ft)  0.66  

 Alpha  1.00  Stream Power (lb/ft s)  1.53  

 Frctn Loss (ft) 2.03  Cum Volume (acre-ft) 0.07 6.48 0.19 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.18 6.55 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 2500    Profile: PF 1

 E.G. Elev (ft) 6965.90  Element Left OB Channel Right OB

 Vel Head (ft) 0.11  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6965.79  Reach Len. (ft) 148.70 100.00 20.00 

 Crit W.S. (ft)   Flow Area (sq ft)  82.02  

 E.G. Slope (ft/ft) 0.022300  Area (sq ft)  82.02  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

 Top Width (ft) 136.48  Top Width (ft)  136.48  

 Vel Total (ft/s) 2.63  Avg. Vel. (ft/s)  2.63  

 Max Chl Dpth (ft) 0.89  Hydr. Depth (ft)  0.60  

 Conv. Total (cfs) 1446.5  Conv. (cfs)  1446.5  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  136.50  

 Min Ch El (ft) 6964.90  Shear (lb/sq ft)  0.84  

 Alpha  1.00  Stream Power (lb/ft s)  2.20  

 Frctn Loss (ft) 1.51  Cum Volume (acre-ft) 0.07 6.28 0.19 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.18 6.21 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 2400    Profile: PF 1

 E.G. Elev (ft) 6964.37  Element Left OB Channel Right OB

 Vel Head (ft) 0.06  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6964.31  Reach Len. (ft) 119.30 100.00 96.70 

 Crit W.S. (ft)   Flow Area (sq ft)  106.60  

 E.G. Slope (ft/ft) 0.010916  Area (sq ft)  106.60  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

 Top Width (ft) 153.80  Top Width (ft)  153.80  

 Vel Total (ft/s) 2.03  Avg. Vel. (ft/s)  2.03  

 Max Chl Dpth (ft) 1.06  Hydr. Depth (ft)  0.69  

 Conv. Total (cfs) 2067.4  Conv. (cfs)  2067.4  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  153.82  

 Min Ch El (ft) 6963.25  Shear (lb/sq ft)  0.47  

 Alpha  1.00  Stream Power (lb/ft s)  0.96  

 Frctn Loss (ft) 1.85  Cum Volume (acre-ft) 0.07 6.06 0.19 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.18 5.87 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 2300    Profile: PF 1

 E.G. Elev (ft) 6962.51  Element Left OB Channel Right OB

 Vel Head (ft) 0.15  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6962.36  Reach Len. (ft) 113.10 100.00 97.60 

 Crit W.S. (ft)   Flow Area (sq ft)  69.57  

 E.G. Slope (ft/ft) 0.038187  Area (sq ft)  69.57  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

PROPOSED WEST CHANNEL  100-Y



Plan: Plan p02    WEST PR    chan-west-pr  RS: 2300    Profile: PF 1 (Continued)

 Top Width (ft) 135.31  Top Width (ft)  135.31  

 Vel Total (ft/s) 3.10  Avg. Vel. (ft/s)  3.10  

 Max Chl Dpth (ft) 1.09  Hydr. Depth (ft)  0.51  

 Conv. Total (cfs) 1105.3  Conv. (cfs)  1105.3  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  135.41  

 Min Ch El (ft) 6961.27  Shear (lb/sq ft)  1.22  

 Alpha  1.00  Stream Power (lb/ft s)  3.80  

 Frctn Loss (ft) 2.55  Cum Volume (acre-ft) 0.07 5.86 0.19 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.18 5.54 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 2200    Profile: PF 1

 E.G. Elev (ft) 6959.95  Element Left OB Channel Right OB

 Vel Head (ft) 0.10  Wt. n-Val.  0.000 0.060 0.060 

 W.S. Elev (ft) 6959.85  Reach Len. (ft) 115.00 100.00 72.00 

 Crit W.S. (ft)   Flow Area (sq ft) 0.00 84.48 0.11 

 E.G. Slope (ft/ft) 0.018192  Area (sq ft) 0.00 84.48 0.11 

 Q Total (cfs) 216.00  Flow (cfs) 0.00 215.96 0.04 

 Top Width (ft) 129.59  Top Width (ft) 0.51 126.05 3.03 

 Vel Total (ft/s) 2.55  Avg. Vel. (ft/s) 0.11 2.56 0.37 

 Max Chl Dpth (ft) 1.39  Hydr. Depth (ft) 0.01 0.67 0.04 

 Conv. Total (cfs) 1601.4  Conv. (cfs) 0.0 1601.1 0.3 

 Length Wtd. (ft) 100.00  Wetted Per. (ft) 0.51 126.20 3.03 

 Min Ch El (ft) 6958.46  Shear (lb/sq ft)  0.76 0.04 

 Alpha  1.00  Stream Power (lb/ft s)  1.94 0.02 

 Frctn Loss (ft) 2.19  Cum Volume (acre-ft) 0.07 5.68 0.19 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.18 5.24 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 2100    Profile: PF 1

 E.G. Elev (ft) 6957.75  Element Left OB Channel Right OB

 Vel Head (ft) 0.20  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6957.55  Reach Len. (ft) 71.61 100.00 83.53 

 Crit W.S. (ft)   Flow Area (sq ft)  60.39  

 E.G. Slope (ft/ft) 0.026921  Area (sq ft)  60.39  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

 Top Width (ft) 73.05  Top Width (ft)  73.05  

 Vel Total (ft/s) 3.58  Avg. Vel. (ft/s)  3.58  

 Max Chl Dpth (ft) 1.57  Hydr. Depth (ft)  0.83  

 Conv. Total (cfs) 1316.5  Conv. (cfs)  1316.5  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  73.12  

 Min Ch El (ft) 6955.98  Shear (lb/sq ft)  1.39  

 Alpha  1.00  Stream Power (lb/ft s)  4.96  

 Frctn Loss (ft) 1.31  Cum Volume (acre-ft) 0.07 5.52 0.19 

 C & E Loss (ft) 0.04  Cum SA (acres) 0.18 5.01 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 2000    Profile: PF 1

 E.G. Elev (ft) 6956.40  Element Left OB Channel Right OB

 Vel Head (ft) 0.07  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6956.33  Reach Len. (ft) 91.80 100.00 81.50 

 Crit W.S. (ft)   Flow Area (sq ft)  99.00  

 E.G. Slope (ft/ft) 0.007727  Area (sq ft)  99.00  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

 Top Width (ft) 98.58  Top Width (ft)  98.58  

 Vel Total (ft/s) 2.18  Avg. Vel. (ft/s)  2.18  

 Max Chl Dpth (ft) 1.76  Hydr. Depth (ft)  1.00  

 Conv. Total (cfs) 2457.2  Conv. (cfs)  2457.2  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  98.67  

 Min Ch El (ft) 6954.57  Shear (lb/sq ft)  0.48  



Plan: Plan p02    WEST PR    chan-west-pr  RS: 2000    Profile: PF 1 (Continued)

 Alpha  1.00  Stream Power (lb/ft s)  1.06  

 Frctn Loss (ft) 0.94  Cum Volume (acre-ft) 0.07 5.33 0.19 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.18 4.82 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 1950    Profile: PF 1

 E.G. Elev (ft) 6955.46  Element Left OB Channel Right OB

 Vel Head (ft) 0.09  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6955.36  Reach Len. (ft) 45.30 50.00 59.50 

 Crit W.S. (ft)   Flow Area (sq ft)  87.67  

 E.G. Slope (ft/ft) 0.011788  Area (sq ft)  87.67  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

 Top Width (ft) 99.87  Top Width (ft)  99.87  

 Vel Total (ft/s) 2.46  Avg. Vel. (ft/s)  2.46  

 Max Chl Dpth (ft) 1.92  Hydr. Depth (ft)  0.88  

 Conv. Total (cfs) 1989.4  Conv. (cfs)  1989.4  

 Length Wtd. (ft) 50.00  Wetted Per. (ft)  99.95  

 Min Ch El (ft) 6953.44  Shear (lb/sq ft)  0.65  

 Alpha  1.00  Stream Power (lb/ft s)  1.59  

 Frctn Loss (ft) 0.51  Cum Volume (acre-ft) 0.07 5.12 0.19 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.18 4.59 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 1900    Profile: PF 1

 E.G. Elev (ft) 6954.94  Element Left OB Channel Right OB

 Vel Head (ft) 0.07  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6954.87  Reach Len. (ft) 674.00 100.00 141.40 

 Crit W.S. (ft) 6954.38  Flow Area (sq ft)  100.08  

 E.G. Slope (ft/ft) 0.008956  Area (sq ft)  100.08  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

 Top Width (ft) 113.09  Top Width (ft)  113.09  

 Vel Total (ft/s) 2.16  Avg. Vel. (ft/s)  2.16  

 Max Chl Dpth (ft) 2.11  Hydr. Depth (ft)  0.88  

 Conv. Total (cfs) 2282.4  Conv. (cfs)  2282.4  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  113.26  

 Min Ch El (ft) 6952.76  Shear (lb/sq ft)  0.49  

 Alpha  1.00  Stream Power (lb/ft s)  1.07  

 Frctn Loss (ft) 1.51  Cum Volume (acre-ft) 0.07 5.01 0.19 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.18 4.47 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 1850    Profile: PF 1

 E.G. Elev (ft) 6953.42  Element Left OB Channel Right OB

 Vel Head (ft) 0.21  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6953.21  Reach Len. (ft) 42.60 50.00 58.70 

 Crit W.S. (ft) 6953.01  Flow Area (sq ft)  58.24  

 E.G. Slope (ft/ft) 0.030541  Area (sq ft)  58.24  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

 Top Width (ft) 73.36  Top Width (ft)  73.36  

 Vel Total (ft/s) 3.71  Avg. Vel. (ft/s)  3.71  

 Max Chl Dpth (ft) 1.60  Hydr. Depth (ft)  0.79  

 Conv. Total (cfs) 1236.0  Conv. (cfs)  1236.0  

 Length Wtd. (ft) 50.00  Wetted Per. (ft)  73.43  

 Min Ch El (ft) 6951.60  Shear (lb/sq ft)  1.51  

 Alpha  1.00  Stream Power (lb/ft s)  5.61  

 Frctn Loss (ft) 1.39  Cum Volume (acre-ft) 0.07 4.83 0.19 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.18 4.25 0.59 



  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 1800    Profile: PF 1

 E.G. Elev (ft) 6952.03  Element Left OB Channel Right OB

 Vel Head (ft) 0.23  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6951.80  Reach Len. (ft) 99.30 100.00 113.30 

 Crit W.S. (ft)   Flow Area (sq ft)  55.89  

 E.G. Slope (ft/ft) 0.025255  Area (sq ft)  55.89  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

 Top Width (ft) 57.00  Top Width (ft)  57.00  

 Vel Total (ft/s) 3.86  Avg. Vel. (ft/s)  3.86  

 Max Chl Dpth (ft) 2.49  Hydr. Depth (ft)  0.98  

 Conv. Total (cfs) 1359.2  Conv. (cfs)  1359.2  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  57.43  

 Min Ch El (ft) 6949.31  Shear (lb/sq ft)  1.53  

 Alpha  1.00  Stream Power (lb/ft s)  5.93  

 Frctn Loss (ft) 2.15  Cum Volume (acre-ft) 0.07 4.76 0.19 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.18 4.18 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 1700    Profile: PF 1

 E.G. Elev (ft) 6949.88  Element Left OB Channel Right OB

 Vel Head (ft) 0.24  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6949.64  Reach Len. (ft) 113.00 100.00 112.30 

 Crit W.S. (ft)   Flow Area (sq ft)  55.10  

 E.G. Slope (ft/ft) 0.018555  Area (sq ft)  55.10  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

 Top Width (ft) 43.46  Top Width (ft)  43.46  

 Vel Total (ft/s) 3.92  Avg. Vel. (ft/s)  3.92  

 Max Chl Dpth (ft) 2.53  Hydr. Depth (ft)  1.27  

 Conv. Total (cfs) 1585.7  Conv. (cfs)  1585.7  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  43.99  

 Min Ch El (ft) 6947.11  Shear (lb/sq ft)  1.45  

 Alpha  1.00  Stream Power (lb/ft s)  5.69  

 Frctn Loss (ft) 1.50  Cum Volume (acre-ft) 0.07 4.64 0.19 

 C & E Loss (ft) 0.03  Cum SA (acres) 0.18 4.06 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 1600    Profile: PF 1

 E.G. Elev (ft) 6948.36  Element Left OB Channel Right OB

 Vel Head (ft) 0.14  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6948.22  Reach Len. (ft) 113.20 100.00 83.60 

 Crit W.S. (ft)   Flow Area (sq ft)  71.84  

 E.G. Slope (ft/ft) 0.012317  Area (sq ft)  71.84  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

 Top Width (ft) 62.56  Top Width (ft)  62.56  

 Vel Total (ft/s) 3.01  Avg. Vel. (ft/s)  3.01  

 Max Chl Dpth (ft) 2.38  Hydr. Depth (ft)  1.15  

 Conv. Total (cfs) 1946.2  Conv. (cfs)  1946.2  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  62.79  

 Min Ch El (ft) 6945.84  Shear (lb/sq ft)  0.88  

 Alpha  1.00  Stream Power (lb/ft s)  2.65  

 Frctn Loss (ft) 1.20  Cum Volume (acre-ft) 0.07 4.49 0.19 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.18 3.94 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 1500    Profile: PF 1

 E.G. Elev (ft) 6947.15  Element Left OB Channel Right OB

 Vel Head (ft) 0.10  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6947.05  Reach Len. (ft) 69.00 80.00 90.00 

 Crit W.S. (ft) 6946.56  Flow Area (sq ft)  83.70  

 E.G. Slope (ft/ft) 0.011620  Area (sq ft)  83.70  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  



Plan: Plan p02    WEST PR    chan-west-pr  RS: 1500    Profile: PF 1 (Continued)

 Top Width (ft) 87.87  Top Width (ft)  87.87  

 Vel Total (ft/s) 2.58  Avg. Vel. (ft/s)  2.58  

 Max Chl Dpth (ft) 2.18  Hydr. Depth (ft)  0.95  

 Conv. Total (cfs) 2003.8  Conv. (cfs)  2003.8  

 Length Wtd. (ft) 80.00  Wetted Per. (ft)  88.06  

 Min Ch El (ft) 6944.87  Shear (lb/sq ft)  0.69  

 Alpha  1.00  Stream Power (lb/ft s)  1.78  

 Frctn Loss (ft) 1.87  Cum Volume (acre-ft) 0.07 4.31 0.19 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.18 3.77 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 1420    Profile: PF 1

 E.G. Elev (ft) 6945.27  Element Left OB Channel Right OB

 Vel Head (ft) 0.25  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6945.02  Reach Len. (ft) 19.90 20.00 20.20 

 Crit W.S. (ft) 6945.02  Flow Area (sq ft)  54.01  

 E.G. Slope (ft/ft) 0.068516  Area (sq ft)  54.01  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

 Top Width (ft) 111.39  Top Width (ft)  111.39  

 Vel Total (ft/s) 4.00  Avg. Vel. (ft/s)  4.00  

 Max Chl Dpth (ft) 0.52  Hydr. Depth (ft)  0.48  

 Conv. Total (cfs) 825.2  Conv. (cfs)  825.2  

 Length Wtd. (ft) 20.00  Wetted Per. (ft)  111.45  

 Min Ch El (ft) 6944.50  Shear (lb/sq ft)  2.07  

 Alpha  1.00  Stream Power (lb/ft s)  8.29  

 Frctn Loss (ft) 0.16  Cum Volume (acre-ft) 0.07 4.18 0.19 

 C & E Loss (ft) 0.06  Cum SA (acres) 0.18 3.59 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 1400    Profile: PF 1

 E.G. Elev (ft) 6942.41  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6942.37  Reach Len. (ft) 19.90 20.00 21.00 

 Crit W.S. (ft)   Flow Area (sq ft)  138.97  

 E.G. Slope (ft/ft) 0.002807  Area (sq ft)  138.97  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

 Top Width (ft) 107.50  Top Width (ft)  107.50  

 Vel Total (ft/s) 1.55  Avg. Vel. (ft/s)  1.55  

 Max Chl Dpth (ft) 1.37  Hydr. Depth (ft)  1.29  

 Conv. Total (cfs) 4076.6  Conv. (cfs)  4076.6  

 Length Wtd. (ft) 20.00  Wetted Per. (ft)  107.81  

 Min Ch El (ft) 6941.00  Shear (lb/sq ft)  0.23  

 Alpha  1.00  Stream Power (lb/ft s)  0.35  

 Frctn Loss (ft) 0.04  Cum Volume (acre-ft) 0.07 4.14 0.19 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.18 3.54 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 1380    Profile: PF 1

 E.G. Elev (ft) 6942.36  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.060 0.060 0.060 

 W.S. Elev (ft) 6942.34  Reach Len. (ft) 53.20 80.00 101.00 

 Crit W.S. (ft)   Flow Area (sq ft) 0.23 172.81 0.27 

 E.G. Slope (ft/ft) 0.001351  Area (sq ft) 0.23 172.81 0.27 

 Q Total (cfs) 216.00  Flow (cfs) 0.06 215.86 0.08 

 Top Width (ft) 109.24  Top Width (ft) 1.34 106.30 1.59 

 Vel Total (ft/s) 1.25  Avg. Vel. (ft/s) 0.27 1.25 0.28 

 Max Chl Dpth (ft) 1.64  Hydr. Depth (ft) 0.17 1.63 0.17 

 Conv. Total (cfs) 5876.6  Conv. (cfs) 1.7 5872.9 2.1 

 Length Wtd. (ft) 80.00  Wetted Per. (ft) 1.38 107.51 1.63 

 Min Ch El (ft) 6940.70  Shear (lb/sq ft) 0.01 0.14 0.01 



Plan: Plan p02    WEST PR    chan-west-pr  RS: 1380    Profile: PF 1 (Continued)

 Alpha  1.00  Stream Power (lb/ft s) 0.00 0.17 0.00 

 Frctn Loss (ft) 0.11  Cum Volume (acre-ft) 0.07 4.07 0.19 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.18 3.49 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 1340    Profile: PF 1

 E.G. Elev (ft) 6942.25  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.   0.060  

 W.S. Elev (ft) 6942.23  Reach Len. (ft) 29.00 40.00 51.00 

 Crit W.S. (ft)   Flow Area (sq ft)  175.39  

 E.G. Slope (ft/ft) 0.001417  Area (sq ft)  175.39  

 Q Total (cfs) 216.00  Flow (cfs)  216.00  

 Top Width (ft) 115.13  Top Width (ft)  115.13  

 Vel Total (ft/s) 1.23  Avg. Vel. (ft/s)  1.23  

 Max Chl Dpth (ft) 1.63  Hydr. Depth (ft)  1.52  

 Conv. Total (cfs) 5738.6  Conv. (cfs)  5738.6  

 Length Wtd. (ft) 40.00  Wetted Per. (ft)  115.49  

 Min Ch El (ft) 6940.60  Shear (lb/sq ft)  0.13  

 Alpha  1.00  Stream Power (lb/ft s)  0.17  

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 0.07 3.75 0.19 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.18 3.28 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 1300    Profile: PF 1

 E.G. Elev (ft) 6942.22  Element Left OB Channel Right OB

 Vel Head (ft) 0.01  Wt. n-Val.  0.060 0.060 0.060 

 W.S. Elev (ft) 6942.22  Reach Len. (ft) 107.40 100.00 88.80 

 Crit W.S. (ft)   Flow Area (sq ft) 0.05 279.68 0.09 

 E.G. Slope (ft/ft) 0.000333  Area (sq ft) 0.05 279.68 0.09 

 Q Total (cfs) 216.00  Flow (cfs) 0.00 215.99 0.01 

 Top Width (ft) 126.09  Top Width (ft) 0.64 124.60 0.85 

 Vel Total (ft/s) 0.77  Avg. Vel. (ft/s) 0.08 0.77 0.10 

 Max Chl Dpth (ft) 2.42  Hydr. Depth (ft) 0.07 2.24 0.11 

 Conv. Total (cfs) 11843.2  Conv. (cfs) 0.2 11842.5 0.5 

 Length Wtd. (ft) 99.98  Wetted Per. (ft) 0.66 125.10 0.88 

 Min Ch El (ft) 6939.80  Shear (lb/sq ft) 0.00 0.05 0.00 

 Alpha  1.00  Stream Power (lb/ft s) 0.00 0.04 0.00 

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 0.07 3.54 0.19 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.18 3.17 0.59 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 1200    Profile: PF 1

 E.G. Elev (ft) 6942.21  Element Left OB Channel Right OB

 Vel Head (ft) 0.01  Wt. n-Val.  0.060 0.060 0.060 

 W.S. Elev (ft) 6942.20  Reach Len. (ft) 313.70 300.00 276.40 

 Crit W.S. (ft) 6938.86  Flow Area (sq ft) 9.72 352.84 9.80 

 E.G. Slope (ft/ft) 0.000098  Area (sq ft) 9.72 352.84 9.80 

 Q Total (cfs) 216.00  Flow (cfs) 2.50 210.98 2.52 

 Top Width (ft) 110.12  Top Width (ft) 8.82 92.43 8.88 

 Vel Total (ft/s) 0.58  Avg. Vel. (ft/s) 0.26 0.60 0.26 

 Max Chl Dpth (ft) 3.95  Hydr. Depth (ft) 1.10 3.82 1.10 

 Conv. Total (cfs) 21784.3  Conv. (cfs) 251.9 21278.3 254.0 

 Length Wtd. (ft) 300.00  Wetted Per. (ft) 9.09 92.86 9.14 

 Min Ch El (ft) 6938.25  Shear (lb/sq ft) 0.01 0.02 0.01 

 Alpha  1.04  Stream Power (lb/ft s) 0.00 0.01 0.00 

 Frctn Loss (ft)   Cum Volume (acre-ft) 0.06 2.81 0.18 

 C & E Loss (ft)   Cum SA (acres) 0.16 2.92 0.58 



  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 900    Profile: PF 1

 E.G. Elev (ft) 6937.14  Element Left OB Channel Right OB

 Vel Head (ft) 0.03  Wt. n-Val.   0.100  

 W.S. Elev (ft) 6937.11  Reach Len. (ft) 104.20 100.00 101.80 

 Crit W.S. (ft)   Flow Area (sq ft)  165.57  

 E.G. Slope (ft/ft) 0.004750  Area (sq ft)  165.57  

 Q Total (cfs) 222.00  Flow (cfs)  222.00  

 Top Width (ft) 110.24  Top Width (ft)  110.24  

 Vel Total (ft/s) 1.34  Avg. Vel. (ft/s)  1.34  

 Max Chl Dpth (ft) 1.74  Hydr. Depth (ft)  1.50  

 Conv. Total (cfs) 3221.0  Conv. (cfs)  3221.0  

 Length Wtd. (ft) 100.05  Wetted Per. (ft)  110.52  

 Min Ch El (ft) 6935.37  Shear (lb/sq ft)  0.44  

 Alpha  1.00  Stream Power (lb/ft s)  0.60  

 Frctn Loss (ft) 0.89  Cum Volume (acre-ft) 0.06 2.39 0.18 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.13 2.23 0.55 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 800    Profile: PF 1

 E.G. Elev (ft) 6936.25  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.   0.100 0.100 

 W.S. Elev (ft) 6936.21  Reach Len. (ft) 96.40 100.00 114.30 

 Crit W.S. (ft)   Flow Area (sq ft)  128.33 16.11 

 E.G. Slope (ft/ft) 0.022095  Area (sq ft)  128.33 16.11 

 Q Total (cfs) 222.00  Flow (cfs)  209.51 12.49 

 Top Width (ft) 278.92  Top Width (ft)  201.88 77.04 

 Vel Total (ft/s) 1.54  Avg. Vel. (ft/s)  1.63 0.78 

 Max Chl Dpth (ft) 1.79  Hydr. Depth (ft)  0.64 0.21 

 Conv. Total (cfs) 1493.5  Conv. (cfs)  1409.5 84.1 

 Length Wtd. (ft) 100.48  Wetted Per. (ft)  201.96 77.36 

 Min Ch El (ft) 6934.42  Shear (lb/sq ft)  0.88 0.29 

 Alpha  1.08  Stream Power (lb/ft s)  1.43 0.22 

 Frctn Loss (ft) 2.06  Cum Volume (acre-ft) 0.06 2.06 0.16 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.13 1.87 0.46 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 700    Profile: PF 1

 E.G. Elev (ft) 6934.18  Element Left OB Channel Right OB

 Vel Head (ft) 0.06  Wt. n-Val.  0.100 0.100 0.100 

 W.S. Elev (ft) 6934.12  Reach Len. (ft) 114.30 100.00 85.80 

 Crit W.S. (ft)   Flow Area (sq ft) 0.03 112.56 3.71 

 E.G. Slope (ft/ft) 0.019070  Area (sq ft) 0.03 112.56 3.71 

 Q Total (cfs) 222.00  Flow (cfs) 0.01 219.62 2.37 

 Top Width (ft) 143.24  Top Width (ft) 0.52 121.30 21.42 

 Vel Total (ft/s) 1.91  Avg. Vel. (ft/s) 0.31 1.95 0.64 

 Max Chl Dpth (ft) 1.32  Hydr. Depth (ft) 0.06 0.93 0.17 

 Conv. Total (cfs) 1607.6  Conv. (cfs) 0.1 1590.4 17.1 

 Length Wtd. (ft) 98.61  Wetted Per. (ft) 0.53 121.38 21.43 

 Min Ch El (ft) 6932.80  Shear (lb/sq ft) 0.07 1.10 0.21 

 Alpha  1.03  Stream Power (lb/ft s) 0.02 2.15 0.13 

 Frctn Loss (ft) 1.73  Cum Volume (acre-ft) 0.06 1.78 0.13 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.13 1.50 0.33 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 600    Profile: PF 1

 E.G. Elev (ft) 6932.44  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.100 0.100 0.100 

 W.S. Elev (ft) 6932.39  Reach Len. (ft) 110.80 100.00 88.00 

 Crit W.S. (ft)   Flow Area (sq ft) 22.49 67.41 60.08 

 E.G. Slope (ft/ft) 0.016205  Area (sq ft) 22.49 67.41 60.08 

 Q Total (cfs) 222.00  Flow (cfs) 24.75 131.27 65.98 



Plan: Plan p02    WEST PR    chan-west-pr  RS: 600    Profile: PF 1 (Continued)

 Top Width (ft) 250.89  Top Width (ft) 50.59 64.50 135.79 

 Vel Total (ft/s) 1.48  Avg. Vel. (ft/s) 1.10 1.95 1.10 

 Max Chl Dpth (ft) 1.53  Hydr. Depth (ft) 0.44 1.05 0.44 

 Conv. Total (cfs) 1743.9  Conv. (cfs) 194.4 1031.2 518.3 

 Length Wtd. (ft) 98.82  Wetted Per. (ft) 50.70 64.53 135.80 

 Min Ch El (ft) 6930.86  Shear (lb/sq ft) 0.45 1.06 0.45 

 Alpha  1.25  Stream Power (lb/ft s) 0.49 2.06 0.49 

 Frctn Loss (ft) 2.38  Cum Volume (acre-ft) 0.03 1.57 0.07 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.07 1.28 0.17 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 500    Profile: PF 1

 E.G. Elev (ft) 6930.06  Element Left OB Channel Right OB

 Vel Head (ft) 0.11  Wt. n-Val.   0.100  

 W.S. Elev (ft) 6929.94  Reach Len. (ft) 85.20 100.00 105.50 

 Crit W.S. (ft)   Flow Area (sq ft)  81.86  

 E.G. Slope (ft/ft) 0.039501  Area (sq ft)  81.86  

 Q Total (cfs) 222.00  Flow (cfs)  222.00  

 Top Width (ft) 92.95  Top Width (ft)  92.95  

 Vel Total (ft/s) 2.71  Avg. Vel. (ft/s)  2.71  

 Max Chl Dpth (ft) 1.54  Hydr. Depth (ft)  0.88  

 Conv. Total (cfs) 1117.0  Conv. (cfs)  1117.0  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  93.01  

 Min Ch El (ft) 6928.40  Shear (lb/sq ft)  2.17  

 Alpha  1.00  Stream Power (lb/ft s)  5.89  

 Frctn Loss (ft) 2.03  Cum Volume (acre-ft) 0.00 1.40 0.01 

 C & E Loss (ft) 0.02  Cum SA (acres) 0.00 1.10 0.04 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 400    Profile: PF 1

 E.G. Elev (ft) 6928.01  Element Left OB Channel Right OB

 Vel Head (ft) 0.06  Wt. n-Val.  0.100 0.100  

 W.S. Elev (ft) 6927.96  Reach Len. (ft) 95.20 100.00 105.50 

 Crit W.S. (ft)   Flow Area (sq ft) 0.04 114.56  

 E.G. Slope (ft/ft) 0.012296  Area (sq ft) 0.04 114.56  

 Q Total (cfs) 222.00  Flow (cfs) 0.01 221.99  

 Top Width (ft) 89.83  Top Width (ft) 0.50 89.33  

 Vel Total (ft/s) 1.94  Avg. Vel. (ft/s) 0.31 1.94  

 Max Chl Dpth (ft) 2.98  Hydr. Depth (ft) 0.09 1.28  

 Conv. Total (cfs) 2002.0  Conv. (cfs) 0.1 2001.9  

 Length Wtd. (ft) 100.00  Wetted Per. (ft) 0.53 89.82  

 Min Ch El (ft) 6924.97  Shear (lb/sq ft) 0.06 0.98  

 Alpha  1.00  Stream Power (lb/ft s) 0.02 1.90  

 Frctn Loss (ft) 1.85  Cum Volume (acre-ft) 0.00 1.18 0.01 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.00 0.89 0.04 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 350    Profile: PF 1

 E.G. Elev (ft) 6926.15  Element Left OB Channel Right OB

 Vel Head (ft) 0.12  Wt. n-Val.   0.100 0.100 

 W.S. Elev (ft) 6926.03  Reach Len. (ft) 54.40 50.00 47.00 

 Crit W.S. (ft)   Flow Area (sq ft)  79.55 0.03 

 E.G. Slope (ft/ft) 0.031127  Area (sq ft)  79.55 0.03 

 Q Total (cfs) 222.00  Flow (cfs)  221.99 0.01 

 Top Width (ft) 74.47  Top Width (ft)  72.29 2.18 

 Vel Total (ft/s) 2.79  Avg. Vel. (ft/s)  2.79 0.16 

 Max Chl Dpth (ft) 1.53  Hydr. Depth (ft)  1.10 0.01 

 Conv. Total (cfs) 1258.3  Conv. (cfs)  1258.3 0.0 

 Length Wtd. (ft) 50.00  Wetted Per. (ft)  72.43 2.18 

 Min Ch El (ft) 6924.50  Shear (lb/sq ft)  2.13 0.03 



Plan: Plan p02    WEST PR    chan-west-pr  RS: 350    Profile: PF 1 (Continued)

 Alpha  1.00  Stream Power (lb/ft s)  5.96 0.00 

 Frctn Loss (ft) 1.37  Cum Volume (acre-ft)  0.95 0.01 

 C & E Loss (ft) 0.00  Cum SA (acres)  0.71 0.03 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 300    Profile: PF 1

 E.G. Elev (ft) 6924.78  Element Left OB Channel Right OB

 Vel Head (ft) 0.12  Wt. n-Val.   0.100  

 W.S. Elev (ft) 6924.66  Reach Len. (ft) 113.50 100.00 139.70 

 Crit W.S. (ft)   Flow Area (sq ft)  80.46  

 E.G. Slope (ft/ft) 0.024170  Area (sq ft)  80.46  

 Q Total (cfs) 222.00  Flow (cfs)  222.00  

 Top Width (ft) 61.39  Top Width (ft)  61.39  

 Vel Total (ft/s) 2.76  Avg. Vel. (ft/s)  2.76  

 Max Chl Dpth (ft) 2.28  Hydr. Depth (ft)  1.31  

 Conv. Total (cfs) 1428.0  Conv. (cfs)  1428.0  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  61.63  

 Min Ch El (ft) 6922.38  Shear (lb/sq ft)  1.97  

 Alpha  1.00  Stream Power (lb/ft s)  5.44  

 Frctn Loss (ft) 2.75  Cum Volume (acre-ft)  0.86 0.01 

 C & E Loss (ft) 0.00  Cum SA (acres)  0.63 0.03 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 250    Profile: PF 1

 E.G. Elev (ft) 6922.03  Element Left OB Channel Right OB

 Vel Head (ft) 0.14  Wt. n-Val.   0.100  

 W.S. Elev (ft) 6921.88  Reach Len. (ft) 53.00 50.00 52.00 

 Crit W.S. (ft)   Flow Area (sq ft)  73.10  

 E.G. Slope (ft/ft) 0.031497  Area (sq ft)  73.10  

 Q Total (cfs) 222.00  Flow (cfs)  222.00  

 Top Width (ft) 58.98  Top Width (ft)  58.98  

 Vel Total (ft/s) 3.04  Avg. Vel. (ft/s)  3.04  

 Max Chl Dpth (ft) 1.68  Hydr. Depth (ft)  1.24  

 Conv. Total (cfs) 1250.9  Conv. (cfs)  1250.9  

 Length Wtd. (ft) 50.00  Wetted Per. (ft)  59.16  

 Min Ch El (ft) 6920.20  Shear (lb/sq ft)  2.43  

 Alpha  1.00  Stream Power (lb/ft s)  7.38  

 Frctn Loss (ft) 0.93  Cum Volume (acre-ft)  0.69 0.01 

 C & E Loss (ft) 0.03  Cum SA (acres)  0.49 0.03 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 200    Profile: PF 1

 E.G. Elev (ft) 6921.07  Element Left OB Channel Right OB

 Vel Head (ft) 0.05  Wt. n-Val.   0.100  

 W.S. Elev (ft) 6921.01  Reach Len. (ft) 109.50 100.00 110.20 

 Crit W.S. (ft)   Flow Area (sq ft)  119.81  

 E.G. Slope (ft/ft) 0.012198  Area (sq ft)  119.81  

 Q Total (cfs) 222.00  Flow (cfs)  222.00  

 Top Width (ft) 99.73  Top Width (ft)  99.73  

 Vel Total (ft/s) 1.85  Avg. Vel. (ft/s)  1.85  

 Max Chl Dpth (ft) 1.71  Hydr. Depth (ft)  1.20  

 Conv. Total (cfs) 2010.1  Conv. (cfs)  2010.1  

 Length Wtd. (ft) 100.02  Wetted Per. (ft)  99.86  

 Min Ch El (ft) 6919.30  Shear (lb/sq ft)  0.91  

 Alpha  1.00  Stream Power (lb/ft s)  1.69  

 Frctn Loss (ft) 0.57  Cum Volume (acre-ft)  0.58 0.01 

 C & E Loss (ft) 0.01  Cum SA (acres)  0.40 0.03 



  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 100    Profile: PF 1

 E.G. Elev (ft) 6920.49  Element Left OB Channel Right OB

 Vel Head (ft) 0.03  Wt. n-Val.   0.100 0.100 

 W.S. Elev (ft) 6920.46  Reach Len. (ft) 97.00 100.00 105.00 

 Crit W.S. (ft)   Flow Area (sq ft)  166.17 3.10 

 E.G. Slope (ft/ft) 0.003285  Area (sq ft)  166.17 3.10 

 Q Total (cfs) 222.00  Flow (cfs)  221.01 0.99 

 Top Width (ft) 98.32  Top Width (ft)  84.87 13.45 

 Vel Total (ft/s) 1.31  Avg. Vel. (ft/s)  1.33 0.32 

 Max Chl Dpth (ft) 2.46  Hydr. Depth (ft)  1.96 0.23 

 Conv. Total (cfs) 3873.6  Conv. (cfs)  3856.3 17.3 

 Length Wtd. (ft) 100.01  Wetted Per. (ft)  85.14 13.46 

 Min Ch El (ft) 6918.00  Shear (lb/sq ft)  0.40 0.05 

 Alpha  1.02  Stream Power (lb/ft s)  0.53 0.02 

 Frctn Loss (ft) 1.01  Cum Volume (acre-ft)  0.25 0.00 

 C & E Loss (ft) 0.03  Cum SA (acres)  0.19 0.02 

  

Plan: Plan p02    WEST PR    chan-west-pr  RS: 0    Profile: PF 1

 E.G. Elev (ft) 6919.45  Element Left OB Channel Right OB

 Vel Head (ft) 0.31  Wt. n-Val.   0.100  

 W.S. Elev (ft) 6919.14  Reach Len. (ft)    

 Crit W.S. (ft) 6919.14  Flow Area (sq ft)  49.81  

 E.G. Slope (ft/ft) 0.172225  Area (sq ft)  49.81  

 Q Total (cfs) 222.00  Flow (cfs)  222.00  

 Top Width (ft) 81.02  Top Width (ft)  81.02  

 Vel Total (ft/s) 4.46  Avg. Vel. (ft/s)  4.46  

 Max Chl Dpth (ft) 1.14  Hydr. Depth (ft)  0.61  

 Conv. Total (cfs) 534.9  Conv. (cfs)  534.9  

 Length Wtd. (ft)   Wetted Per. (ft)  81.06  

 Min Ch El (ft) 6918.00  Shear (lb/sq ft)  6.61  

 Alpha  1.00  Stream Power (lb/ft s)  29.45  

 Frctn Loss (ft)   Cum Volume (acre-ft)    

 C & E Loss (ft)   Cum SA (acres)    
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HEC-RAS  Plan: Plan 01   River: CHAN EAST PR   Reach: chan-east-pr    Profile: PF 1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

chan-east-pr 2600    PF 1 151.00 6942.53 6944.49 6944.60 0.020083 3.02 66.20 108.74 0.48

chan-east-pr 2500    PF 1 151.00 6941.18 6943.07 6943.13 0.010904 1.96 84.33 124.93 0.34

chan-east-pr 2400    PF 1 151.00 6939.95 6941.64 6941.73 0.018619 2.32 65.19 74.51 0.44

chan-east-pr 2300    PF 1 151.00 6938.19 6939.43 6939.53 0.026082 2.57 58.82 74.24 0.51

chan-east-pr 2200    PF 1 151.00 6936.58 6938.37 6938.40 0.006135 1.52 100.52 103.51 0.26

chan-east-pr 2100    PF 1 151.00 6935.13 6937.50 6937.58 0.011365 2.31 65.48 51.30 0.36

chan-east-pr 2010.45 PF 1 151.00 6933.88 6935.43 6935.63 0.056212 3.63 42.30 65.96 0.74

chan-east-pr 1900    PF 1 151.00 6931.88 6933.84 6933.88 0.007048 1.62 93.32 88.19 0.28

chan-east-pr 1801.17 PF 1 151.00 6931.01 6932.59 6932.66 0.027173 2.09 72.33 92.03 0.41

chan-east-pr 1694.83 PF 1 151.00 6929.94 6931.11 6931.13 0.008773 1.24 121.34 143.39 0.24

chan-east-pr 1600    PF 1 151.00 6928.36 6929.63 6929.71 0.030740 2.19 69.00 89.57 0.44

chan-east-pr 1500    PF 1 151.00 6924.52 6926.65 6926.76 0.028222 2.70 55.97 49.57 0.45

chan-east-pr 1400    PF 1 151.00 6922.11 6924.73 6924.81 0.014150 2.23 67.68 66.38 0.39

chan-east-pr 1300    PF 1 151.00 6921.11 6924.05 6924.08 0.004293 1.49 101.14 73.88 0.22

chan-east-pr 1200    PF 1 151.00 6919.19 6924.04 6920.52 6924.04 0.000109 0.47 355.73 125.84 0.04

chan-east-pr 1111.15 Culvert

chan-east-pr 1000    PF 1 188.00 6916.11 6919.03 6919.16 0.011207 3.06 73.33 65.85 0.38

chan-east-pr 900     PF 1 188.00 6915.02 6917.87 6917.99 0.012344 2.79 67.32 42.09 0.39

chan-east-pr 800     PF 1 188.00 6913.85 6916.89 6916.97 0.008358 2.34 80.17 48.98 0.32

chan-east-pr 700     PF 1 188.00 6913.13 6916.11 6916.19 0.007279 2.18 86.53 55.48 0.30

chan-east-pr 600     PF 1 188.00 6912.13 6914.59 6914.84 0.031340 4.00 46.99 34.58 0.61

chan-east-pr 500     PF 1 188.00 6909.89 6913.37 6913.46 0.007372 2.36 79.71 43.67 0.31

chan-east-pr 400     PF 1 188.00 6908.81 6911.02 6911.02 6911.60 0.094950 6.11 30.76 27.24 1.01

PROPOSED EAST CHANNEL  100-Y



  

HEC-RAS  Plan: Plan 01   River: CHAN EAST PR   Reach: chan-east-pr    Profile: PF 1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

chan-east-pr 2600    PF 1 151.00 6942.53 6944.27 6944.27 6944.52 0.021288 4.37 44.51 90.76 0.76

chan-east-pr 2500    PF 1 151.00 6941.18 6942.83 6942.56 6942.94 0.011541 2.68 58.03 91.34 0.54

chan-east-pr 2400    PF 1 151.00 6939.95 6941.38 6941.15 6941.54 0.017390 3.21 46.98 63.16 0.66

chan-east-pr 2300    PF 1 151.00 6938.19 6939.19 6939.39 0.027034 3.62 41.76 65.53 0.80

chan-east-pr 2200    PF 1 151.00 6936.58 6938.07 6938.14 0.006824 2.10 71.82 91.84 0.42

chan-east-pr 2100    PF 1 151.00 6935.13 6937.14 6936.70 6937.29 0.010480 3.14 48.12 45.21 0.54

chan-east-pr 2010.45 PF 1 151.00 6933.88 6935.25 6935.25 6935.59 0.042851 4.69 32.18 48.66 1.01

chan-east-pr 1900    PF 1 151.00 6931.88 6933.57 6933.64 0.005686 2.12 71.17 77.16 0.39

chan-east-pr 1801.17 PF 1 151.00 6931.01 6932.23 6932.22 6932.44 0.040694 3.71 40.76 83.82 0.94

chan-east-pr 1694.83 PF 1 151.00 6929.94 6930.85 6930.90 0.007081 1.79 84.22 138.65 0.41

chan-east-pr 1600    PF 1 151.00 6928.36 6929.22 6929.22 6929.49 0.046505 4.16 36.28 69.30 1.01

chan-east-pr 1500    PF 1 151.00 6924.52 6926.23 6926.48 0.018898 4.00 37.71 38.64 0.71

chan-east-pr 1400    PF 1 151.00 6922.11 6924.34 6924.53 0.019741 3.49 43.32 56.50 0.70

chan-east-pr 1300    PF 1 151.00 6921.11 6924.03 6924.06 0.001745 1.52 99.63 73.31 0.23

chan-east-pr 1200    PF 1 151.00 6919.19 6924.04 6920.53 6924.04 0.000043 0.47 355.73 125.84 0.04

chan-east-pr 1111.15 Culvert

chan-east-pr 1000    PF 1 188.00 6916.11 6918.61 6918.88 0.011828 4.27 48.70 49.94 0.61

chan-east-pr 900     PF 1 188.00 6915.02 6917.34 6917.59 0.013804 4.04 46.56 36.87 0.63

chan-east-pr 800     PF 1 188.00 6913.85 6916.39 6916.56 0.007704 3.25 57.93 41.39 0.48

chan-east-pr 700     PF 1 188.00 6913.13 6915.77 6915.89 0.005606 2.74 68.62 49.60 0.41

chan-east-pr 600     PF 1 188.00 6912.13 6914.13 6914.13 6914.67 0.037631 5.88 31.97 30.75 1.02

chan-east-pr 500     PF 1 188.00 6909.89 6912.81 6912.97 0.006783 3.29 57.14 36.09 0.46

chan-east-pr 400     PF 1 188.00 6908.81 6911.02 6911.02 6911.60 0.037090 6.11 30.76 27.24 1.01

PROPOSED EAST CHANNEL  100-Y 
W/ 0.05 MANNING'S M



  

HEC-RAS  Plan: Plan 01   River: CHAN EAST PR   Reach: chan-east-pr    Profile: PF 1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

chan-east-pr 2600    PF 1 31.00 6942.53 6943.83 6943.89 0.019615 1.94 15.94 24.40 0.42

chan-east-pr 2500    PF 1 31.00 6941.18 6942.43 6942.45 0.010793 1.12 27.62 62.13 0.30

chan-east-pr 2400    PF 1 31.00 6939.95 6940.80 6940.85 0.025978 1.77 17.49 38.34 0.46

chan-east-pr 2300    PF 1 31.00 6938.19 6938.88 6938.90 0.014891 1.32 23.46 52.68 0.35

chan-east-pr 2200    PF 1 31.00 6936.58 6937.54 6937.56 0.012323 1.14 27.31 66.80 0.31

chan-east-pr 2100    PF 1 31.00 6935.13 6936.57 6936.11 6936.60 0.007728 1.24 24.90 36.77 0.27

chan-east-pr 2010.45 PF 1 31.00 6933.88 6934.63 6934.62 6934.80 0.125209 3.34 9.29 25.65 0.98

chan-east-pr 1900    PF 1 31.00 6931.88 6932.93 6932.95 0.006112 1.03 30.23 50.91 0.23

chan-east-pr 1801.17 PF 1 31.00 6931.01 6931.95 6931.99 0.018414 1.54 20.08 41.86 0.39

chan-east-pr 1694.83 PF 1 31.00 6929.94 6930.55 6930.55 0.010212 0.71 43.53 133.24 0.22

chan-east-pr 1600    PF 1 31.00 6928.36 6929.02 6929.05 0.028146 1.33 23.29 59.69 0.38

chan-east-pr 1500    PF 1 31.00 6924.52 6925.46 6925.54 0.044684 2.20 14.08 23.87 0.51

chan-east-pr 1400    PF 1 31.00 6922.11 6924.18 6924.19 0.006255 0.89 34.87 52.71 0.19

chan-east-pr 1300    PF 1 31.00 6921.11 6922.19 6922.19 6922.36 0.200434 3.34 9.28 25.68 0.98

chan-east-pr 1200    PF 1 31.00 6919.19 6921.57 6920.03 6921.58 0.000290 0.31 99.20 71.76 0.05

chan-east-pr 1111.15 Culvert

chan-east-pr 1000    PF 1 32.00 6916.11 6917.92 6917.95 0.010581 1.38 23.12 26.69 0.26

chan-east-pr 900     PF 1 32.00 6915.02 6916.54 6916.58 0.018490 1.58 20.27 28.93 0.33

chan-east-pr 800     PF 1 32.00 6913.85 6915.51 6915.53 0.006648 1.17 27.31 28.48 0.21

chan-east-pr 700     PF 1 32.00 6913.13 6914.93 6914.94 0.005243 0.99 32.44 36.42 0.18

chan-east-pr 600     PF 1 32.00 6912.13 6913.12 6913.12 6913.38 0.189670 4.04 7.92 15.92 1.01

chan-east-pr 500     PF 1 32.00 6909.89 6911.81 6911.83 0.004944 1.15 27.75 23.54 0.19

chan-east-pr 400     PF 1 32.00 6908.81 6910.10 6910.10 6910.32 0.207973 3.71 8.63 20.97 1.02

PROPOSED EAST CHANNEL  5-Y



  

HEC-RAS  Plan: Plan 01   River: CHAN EAST PR   Reach: chan-east-pr    Profile: PF 1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

chan-east-pr 2600    PF 1 21.00 6942.53 6943.67 6943.72 0.018097 1.71 12.27 21.41 0.40

chan-east-pr 2500    PF 1 21.00 6941.18 6942.31 6942.33 0.010976 1.03 20.48 53.39 0.29

chan-east-pr 2400    PF 1 21.00 6939.95 6940.68 6940.72 0.025717 1.60 13.12 33.26 0.45

chan-east-pr 2300    PF 1 21.00 6938.19 6938.77 6938.79 0.014820 1.17 17.90 47.90 0.34

chan-east-pr 2200    PF 1 21.00 6936.58 6937.39 6937.41 0.012863 1.11 18.89 49.25 0.32

chan-east-pr 2100    PF 1 21.00 6935.13 6936.42 6936.03 6936.43 0.007648 1.09 19.31 34.63 0.26

chan-east-pr 2010.45 PF 1 21.00 6933.88 6934.53 6934.51 6934.67 0.121395 3.00 7.01 22.18 0.94

chan-east-pr 1900    PF 1 21.00 6931.88 6932.77 6932.78 0.006323 0.94 22.37 44.10 0.23

chan-east-pr 1801.17 PF 1 21.00 6931.01 6931.87 6931.56 6931.89 0.013535 1.24 16.88 38.60 0.33

chan-east-pr 1694.83 PF 1 21.00 6929.94 6930.45 6930.46 0.013196 0.67 31.11 125.07 0.24

chan-east-pr 1600    PF 1 21.00 6928.36 6928.97 6928.99 0.018681 1.02 20.55 57.53 0.30

chan-east-pr 1500    PF 1 21.00 6924.52 6925.16 6925.28 0.105830 2.70 7.77 18.48 0.74

chan-east-pr 1400    PF 1 21.00 6922.11 6923.84 6923.85 0.005242 0.97 21.73 25.27 0.18

chan-east-pr 1300    PF 1 21.00 6921.11 6922.08 6922.08 6922.23 0.249263 3.19 6.58 22.91 1.05

chan-east-pr 1200    PF 1 21.00 6919.19 6921.28 6919.87 6921.28 0.000248 0.27 79.17 65.08 0.04

chan-east-pr 1111.15 Culvert

chan-east-pr 1000    PF 1 22.00 6916.11 6917.74 6917.77 0.009297 1.19 18.51 24.19 0.24

chan-east-pr 900     PF 1 22.00 6915.02 6916.35 6916.38 0.022502 1.48 14.84 27.01 0.35

chan-east-pr 800     PF 1 22.00 6913.85 6915.28 6915.30 0.006315 1.04 21.10 25.25 0.20

chan-east-pr 700     PF 1 22.00 6913.13 6914.72 6914.74 0.005064 0.87 25.26 33.29 0.18

chan-east-pr 600     PF 1 22.00 6912.13 6912.98 6912.98 6913.20 0.198497 3.74 5.88 13.72 1.01

chan-east-pr 500     PF 1 22.00 6909.89 6911.55 6911.56 0.004425 1.00 21.96 21.17 0.17

chan-east-pr 400     PF 1 22.00 6908.81 6910.00 6910.00 6910.18 0.238618 3.40 6.47 19.84 1.05

PROPOSED EAST CHANNEL  2-Y



  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 2600    Profile: PF 1

 E.G. Elev (ft) 6944.60  Element Left OB Channel Right OB

 Vel Head (ft) 0.11  Wt. n-Val.  0.080 0.080 0.080 

 W.S. Elev (ft) 6944.49  Reach Len. (ft) 103.00 100.00 103.00 

 Crit W.S. (ft)   Flow Area (sq ft) 2.13 33.58 30.49 

 E.G. Slope (ft/ft) 0.020083  Area (sq ft) 2.13 33.58 30.49 

 Q Total (cfs) 151.00  Flow (cfs) 1.95 101.52 47.53 

 Top Width (ft) 108.74  Top Width (ft) 14.87 27.00 66.87 

 Vel Total (ft/s) 2.28  Avg. Vel. (ft/s) 0.91 3.02 1.56 

 Max Chl Dpth (ft) 1.96  Hydr. Depth (ft) 0.14 1.24 0.46 

 Conv. Total (cfs) 1065.5  Conv. (cfs) 13.8 716.4 335.4 

 Length Wtd. (ft) 100.57  Wetted Per. (ft) 14.99 27.28 66.88 

 Min Ch El (ft) 6942.53  Shear (lb/sq ft) 0.18 1.54 0.57 

 Alpha  1.33  Stream Power (lb/ft s) 0.16 4.67 0.89 

 Frctn Loss (ft) 1.45  Cum Volume (acre-ft) 0.05 3.69 0.14 

 C & E Loss (ft) 0.02  Cum SA (acres) 0.23 3.27 0.34 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 2500    Profile: PF 1

 E.G. Elev (ft) 6943.13  Element Left OB Channel Right OB

 Vel Head (ft) 0.06  Wt. n-Val.  0.080 0.080 0.080 

 W.S. Elev (ft) 6943.07  Reach Len. (ft) 83.00 100.00 112.00 

 Crit W.S. (ft)   Flow Area (sq ft) 6.97 73.09 4.26 

 E.G. Slope (ft/ft) 0.010904  Area (sq ft) 6.97 73.09 4.26 

 Q Total (cfs) 151.00  Flow (cfs) 4.66 143.00 3.34 

 Top Width (ft) 124.93  Top Width (ft) 36.36 72.00 16.56 

 Vel Total (ft/s) 1.79  Avg. Vel. (ft/s) 0.67 1.96 0.78 

 Max Chl Dpth (ft) 1.89  Hydr. Depth (ft) 0.19 1.02 0.26 

 Conv. Total (cfs) 1446.0  Conv. (cfs) 44.7 1369.4 32.0 

 Length Wtd. (ft) 99.87  Wetted Per. (ft) 36.61 72.15 16.57 

 Min Ch El (ft) 6941.18  Shear (lb/sq ft) 0.13 0.69 0.17 

 Alpha  1.14  Stream Power (lb/ft s) 0.09 1.35 0.14 

 Frctn Loss (ft) 1.40  Cum Volume (acre-ft) 0.04 3.56 0.10 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.17 3.16 0.24 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 2400    Profile: PF 1

 E.G. Elev (ft) 6941.73  Element Left OB Channel Right OB

 Vel Head (ft) 0.08  Wt. n-Val.   0.080  

 W.S. Elev (ft) 6941.64  Reach Len. (ft) 83.00 100.00 128.00 

 Crit W.S. (ft)   Flow Area (sq ft)  65.19  

 E.G. Slope (ft/ft) 0.018619  Area (sq ft)  65.19  

 Q Total (cfs) 151.00  Flow (cfs)  151.00  

 Top Width (ft) 74.51  Top Width (ft)  74.51  

 Vel Total (ft/s) 2.32  Avg. Vel. (ft/s)  2.32  

 Max Chl Dpth (ft) 1.69  Hydr. Depth (ft)  0.87  

 Conv. Total (cfs) 1106.6  Conv. (cfs)  1106.6  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  74.61  

 Min Ch El (ft) 6939.95  Shear (lb/sq ft)  1.02  

 Alpha  1.00  Stream Power (lb/ft s)  2.35  

 Frctn Loss (ft) 2.19  Cum Volume (acre-ft) 0.03 3.40 0.09 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.13 2.99 0.22 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 2300    Profile: PF 1

 E.G. Elev (ft) 6939.53  Element Left OB Channel Right OB

 Vel Head (ft) 0.10  Wt. n-Val.   0.080  

 W.S. Elev (ft) 6939.43  Reach Len. (ft) 90.00 100.00 123.00 

 Crit W.S. (ft)   Flow Area (sq ft)  58.82  

 E.G. Slope (ft/ft) 0.026082  Area (sq ft)  58.82  

 Q Total (cfs) 151.00  Flow (cfs)  151.00  

PROPOSED EAST CHANNEL  100-Y



Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 2300    Profile: PF 1 (Continued)

 Top Width (ft) 74.24  Top Width (ft)  74.24  

 Vel Total (ft/s) 2.57  Avg. Vel. (ft/s)  2.57  

 Max Chl Dpth (ft) 1.24  Hydr. Depth (ft)  0.79  

 Conv. Total (cfs) 935.0  Conv. (cfs)  935.0  

 Length Wtd. (ft) 99.97  Wetted Per. (ft)  74.31  

 Min Ch El (ft) 6938.19  Shear (lb/sq ft)  1.29  

 Alpha  1.00  Stream Power (lb/ft s)  3.31  

 Frctn Loss (ft) 1.11  Cum Volume (acre-ft) 0.03 3.26 0.09 

 C & E Loss (ft) 0.02  Cum SA (acres) 0.13 2.82 0.22 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 2200    Profile: PF 1

 E.G. Elev (ft) 6938.40  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.080 0.080  

 W.S. Elev (ft) 6938.37  Reach Len. (ft) 115.00 100.00 80.00 

 Crit W.S. (ft)   Flow Area (sq ft) 1.97 98.55  

 E.G. Slope (ft/ft) 0.006135  Area (sq ft) 1.97 98.55  

 Q Total (cfs) 151.00  Flow (cfs) 0.87 150.13  

 Top Width (ft) 103.51  Top Width (ft) 11.72 91.79  

 Vel Total (ft/s) 1.50  Avg. Vel. (ft/s) 0.44 1.52  

 Max Chl Dpth (ft) 1.79  Hydr. Depth (ft) 0.17 1.07  

 Conv. Total (cfs) 1927.9  Conv. (cfs) 11.1 1916.7  

 Length Wtd. (ft) 100.04  Wetted Per. (ft) 11.73 91.98  

 Min Ch El (ft) 6936.58  Shear (lb/sq ft) 0.06 0.41  

 Alpha  1.02  Stream Power (lb/ft s) 0.03 0.63  

 Frctn Loss (ft) 0.82  Cum Volume (acre-ft) 0.03 3.08 0.09 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.12 2.63 0.22 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 2100    Profile: PF 1

 E.G. Elev (ft) 6937.58  Element Left OB Channel Right OB

 Vel Head (ft) 0.08  Wt. n-Val.   0.080  

 W.S. Elev (ft) 6937.50  Reach Len. (ft) 65.00 89.55 98.00 

 Crit W.S. (ft)   Flow Area (sq ft)  65.48  

 E.G. Slope (ft/ft) 0.011365  Area (sq ft)  65.48  

 Q Total (cfs) 151.00  Flow (cfs)  151.00  

 Top Width (ft) 51.30  Top Width (ft)  51.30  

 Vel Total (ft/s) 2.31  Avg. Vel. (ft/s)  2.31  

 Max Chl Dpth (ft) 2.37  Hydr. Depth (ft)  1.28  

 Conv. Total (cfs) 1416.4  Conv. (cfs)  1416.4  

 Length Wtd. (ft) 89.57  Wetted Per. (ft)  52.10  

 Min Ch El (ft) 6935.13  Shear (lb/sq ft)  0.89  

 Alpha  1.00  Stream Power (lb/ft s)  2.06  

 Frctn Loss (ft) 1.94  Cum Volume (acre-ft) 0.03 2.89 0.09 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.10 2.46 0.22 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 2010.45    Profile: PF 1

 E.G. Elev (ft) 6935.63  Element Left OB Channel Right OB

 Vel Head (ft) 0.20  Wt. n-Val.   0.080 0.080 

 W.S. Elev (ft) 6935.43  Reach Len. (ft) 123.00 110.45 82.00 

 Crit W.S. (ft)   Flow Area (sq ft)  41.30 1.00 

 E.G. Slope (ft/ft) 0.056212  Area (sq ft)  41.30 1.00 

 Q Total (cfs) 151.00  Flow (cfs)  150.11 0.89 

 Top Width (ft) 65.96  Top Width (ft)  54.97 10.99 

 Vel Total (ft/s) 3.57  Avg. Vel. (ft/s)  3.63 0.89 

 Max Chl Dpth (ft) 1.55  Hydr. Depth (ft)  0.75 0.09 

 Conv. Total (cfs) 636.9  Conv. (cfs)  633.1 3.8 

 Length Wtd. (ft) 110.37  Wetted Per. (ft)  55.07 11.00 

 Min Ch El (ft) 6933.88  Shear (lb/sq ft)  2.63 0.32 



Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 2010.45    Profile: PF 1 (Continued)

 Alpha  1.03  Stream Power (lb/ft s)  9.57 0.28 

 Frctn Loss (ft) 1.70  Cum Volume (acre-ft) 0.03 2.78 0.09 

 C & E Loss (ft) 0.05  Cum SA (acres) 0.10 2.35 0.20 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 1900    Profile: PF 1

 E.G. Elev (ft) 6933.88  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.   0.080  

 W.S. Elev (ft) 6933.84  Reach Len. (ft) 102.00 98.83 89.00 

 Crit W.S. (ft)   Flow Area (sq ft)  93.32  

 E.G. Slope (ft/ft) 0.007048  Area (sq ft)  93.32  

 Q Total (cfs) 151.00  Flow (cfs)  151.00  

 Top Width (ft) 88.19  Top Width (ft)  88.19  

 Vel Total (ft/s) 1.62  Avg. Vel. (ft/s)  1.62  

 Max Chl Dpth (ft) 1.96  Hydr. Depth (ft)  1.06  

 Conv. Total (cfs) 1798.6  Conv. (cfs)  1798.6  

 Length Wtd. (ft) 98.83  Wetted Per. (ft)  88.28  

 Min Ch El (ft) 6931.88  Shear (lb/sq ft)  0.47  

 Alpha  1.00  Stream Power (lb/ft s)  0.75  

 Frctn Loss (ft) 1.22  Cum Volume (acre-ft) 0.03 2.61 0.09 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.10 2.17 0.19 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 1801.17    Profile: PF 1

 E.G. Elev (ft) 6932.66  Element Left OB Channel Right OB

 Vel Head (ft) 0.07  Wt. n-Val.  0.000 0.100  

 W.S. Elev (ft) 6932.59  Reach Len. (ft) 114.00 106.34 118.00 

 Crit W.S. (ft)   Flow Area (sq ft) 0.00 72.33  

 E.G. Slope (ft/ft) 0.027173  Area (sq ft) 0.00 72.33  

 Q Total (cfs) 151.00  Flow (cfs) 0.00 151.00  

 Top Width (ft) 92.03  Top Width (ft) 0.21 91.82  

 Vel Total (ft/s) 2.09  Avg. Vel. (ft/s) 0.09 2.09  

 Max Chl Dpth (ft) 1.58  Hydr. Depth (ft) 0.01 0.79  

 Conv. Total (cfs) 916.0  Conv. (cfs) 0.0 916.0  

 Length Wtd. (ft) 106.34  Wetted Per. (ft) 0.21 91.92  

 Min Ch El (ft) 6931.01  Shear (lb/sq ft)  1.33  

 Alpha  1.00  Stream Power (lb/ft s)  2.79  

 Frctn Loss (ft) 1.52  Cum Volume (acre-ft) 0.03 2.42 0.09 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.10 1.97 0.19 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 1694.83    Profile: PF 1

 E.G. Elev (ft) 6931.13  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.   0.100  

 W.S. Elev (ft) 6931.11  Reach Len. (ft) 103.00 94.83 49.00 

 Crit W.S. (ft)   Flow Area (sq ft)  121.34  

 E.G. Slope (ft/ft) 0.008773  Area (sq ft)  121.34  

 Q Total (cfs) 151.00  Flow (cfs)  151.00  

 Top Width (ft) 143.39  Top Width (ft)  143.39  

 Vel Total (ft/s) 1.24  Avg. Vel. (ft/s)  1.24  

 Max Chl Dpth (ft) 1.17  Hydr. Depth (ft)  0.85  

 Conv. Total (cfs) 1612.2  Conv. (cfs)  1612.2  

 Length Wtd. (ft) 94.83  Wetted Per. (ft)  143.51  

 Min Ch El (ft) 6929.94  Shear (lb/sq ft)  0.46  

 Alpha  1.00  Stream Power (lb/ft s)  0.58  

 Frctn Loss (ft) 1.41  Cum Volume (acre-ft) 0.03 2.19 0.09 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.10 1.68 0.19 



  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 1600    Profile: PF 1

 E.G. Elev (ft) 6929.71  Element Left OB Channel Right OB

 Vel Head (ft) 0.07  Wt. n-Val.   0.100  

 W.S. Elev (ft) 6929.63  Reach Len. (ft) 96.00 100.00 108.00 

 Crit W.S. (ft)   Flow Area (sq ft)  69.00  

 E.G. Slope (ft/ft) 0.030740  Area (sq ft)  69.00  

 Q Total (cfs) 151.00  Flow (cfs)  151.00  

 Top Width (ft) 89.57  Top Width (ft)  89.57  

 Vel Total (ft/s) 2.19  Avg. Vel. (ft/s)  2.19  

 Max Chl Dpth (ft) 1.27  Hydr. Depth (ft)  0.77  

 Conv. Total (cfs) 861.2  Conv. (cfs)  861.2  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  89.62  

 Min Ch El (ft) 6928.36  Shear (lb/sq ft)  1.48  

 Alpha  1.00  Stream Power (lb/ft s)  3.23  

 Frctn Loss (ft) 2.94  Cum Volume (acre-ft) 0.03 1.98 0.09 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.10 1.43 0.19 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 1500    Profile: PF 1

 E.G. Elev (ft) 6926.76  Element Left OB Channel Right OB

 Vel Head (ft) 0.11  Wt. n-Val.   0.100  

 W.S. Elev (ft) 6926.65  Reach Len. (ft) 91.00 100.00 112.00 

 Crit W.S. (ft)   Flow Area (sq ft)  55.97  

 E.G. Slope (ft/ft) 0.028222  Area (sq ft)  55.97  

 Q Total (cfs) 151.00  Flow (cfs)  151.00  

 Top Width (ft) 49.57  Top Width (ft)  49.57  

 Vel Total (ft/s) 2.70  Avg. Vel. (ft/s)  2.70  

 Max Chl Dpth (ft) 2.13  Hydr. Depth (ft)  1.13  

 Conv. Total (cfs) 898.8  Conv. (cfs)  898.8  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  49.82  

 Min Ch El (ft) 6924.52  Shear (lb/sq ft)  1.98  

 Alpha  1.00  Stream Power (lb/ft s)  5.34  

 Frctn Loss (ft) 1.94  Cum Volume (acre-ft) 0.03 1.84 0.09 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.10 1.27 0.19 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 1400    Profile: PF 1

 E.G. Elev (ft) 6924.81  Element Left OB Channel Right OB

 Vel Head (ft) 0.08  Wt. n-Val.   0.080  

 W.S. Elev (ft) 6924.73  Reach Len. (ft) 96.00 100.00 83.00 

 Crit W.S. (ft)   Flow Area (sq ft)  67.68  

 E.G. Slope (ft/ft) 0.014150  Area (sq ft)  67.68  

 Q Total (cfs) 151.00  Flow (cfs)  151.00  

 Top Width (ft) 66.38  Top Width (ft)  66.38  

 Vel Total (ft/s) 2.23  Avg. Vel. (ft/s)  2.23  

 Max Chl Dpth (ft) 2.62  Hydr. Depth (ft)  1.02  

 Conv. Total (cfs) 1269.4  Conv. (cfs)  1269.4  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  66.71  

 Min Ch El (ft) 6922.11  Shear (lb/sq ft)  0.90  

 Alpha  1.00  Stream Power (lb/ft s)  2.00  

 Frctn Loss (ft) 0.71  Cum Volume (acre-ft) 0.03 1.70 0.09 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.10 1.14 0.19 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 1300    Profile: PF 1

 E.G. Elev (ft) 6924.08  Element Left OB Channel Right OB

 Vel Head (ft) 0.03  Wt. n-Val.   0.080  

 W.S. Elev (ft) 6924.05  Reach Len. (ft) 83.00 100.00 118.00 

 Crit W.S. (ft)   Flow Area (sq ft)  101.14  

 E.G. Slope (ft/ft) 0.004293  Area (sq ft)  101.14  

 Q Total (cfs) 151.00  Flow (cfs)  151.00  



Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 1300    Profile: PF 1 (Continued)

 Top Width (ft) 73.88  Top Width (ft)  73.88  

 Vel Total (ft/s) 1.49  Avg. Vel. (ft/s)  1.49  

 Max Chl Dpth (ft) 2.94  Hydr. Depth (ft)  1.37  

 Conv. Total (cfs) 2304.7  Conv. (cfs)  2304.7  

 Length Wtd. (ft) 100.66  Wetted Per. (ft)  74.43  

 Min Ch El (ft) 6921.11  Shear (lb/sq ft)  0.36  

 Alpha  1.00  Stream Power (lb/ft s)  0.54  

 Frctn Loss (ft) 0.03  Cum Volume (acre-ft) 0.03 1.50 0.09 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.10 0.97 0.19 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 1200    Profile: PF 1

 E.G. Elev (ft) 6924.04  Element Left OB Channel Right OB

 Vel Head (ft) 0.00  Wt. n-Val.  0.080 0.080 0.080 

 W.S. Elev (ft) 6924.04  Reach Len. (ft) 191.00 200.00 169.00 

 Crit W.S. (ft) 6920.52  Flow Area (sq ft) 20.32 281.35 54.07 

 E.G. Slope (ft/ft) 0.000109  Area (sq ft) 20.32 281.35 54.07 

 Q Total (cfs) 151.00  Flow (cfs) 3.99 132.19 14.82 

 Top Width (ft) 125.84  Top Width (ft) 19.84 74.00 32.00 

 Vel Total (ft/s) 0.42  Avg. Vel. (ft/s) 0.20 0.47 0.27 

 Max Chl Dpth (ft) 4.85  Hydr. Depth (ft) 1.02 3.80 1.69 

 Conv. Total (cfs) 14460.9  Conv. (cfs) 381.9 12659.9 1419.1 

 Length Wtd. (ft) 200.00  Wetted Per. (ft) 19.96 74.61 32.18 

 Min Ch El (ft) 6919.19  Shear (lb/sq ft) 0.01 0.03 0.01 

 Alpha  1.12  Stream Power (lb/ft s) 0.00 0.01 0.00 

 Frctn Loss (ft)   Cum Volume (acre-ft) 0.01 1.06 0.02 

 C & E Loss (ft)   Cum SA (acres) 0.08 0.80 0.15 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 1000    Profile: PF 1

 E.G. Elev (ft) 6919.16  Element Left OB Channel Right OB

 Vel Head (ft) 0.13  Wt. n-Val.  0.080 0.080 0.080 

 W.S. Elev (ft) 6919.03  Reach Len. (ft) 103.00 100.00 98.00 

 Crit W.S. (ft)   Flow Area (sq ft) 5.65 53.03 14.65 

 E.G. Slope (ft/ft) 0.011207  Area (sq ft) 5.65 53.03 14.65 

 Q Total (cfs) 188.00  Flow (cfs) 7.13 162.15 18.73 

 Top Width (ft) 65.85  Top Width (ft) 10.94 27.00 27.92 

 Vel Total (ft/s) 2.56  Avg. Vel. (ft/s) 1.26 3.06 1.28 

 Max Chl Dpth (ft) 2.92  Hydr. Depth (ft) 0.52 1.96 0.52 

 Conv. Total (cfs) 1775.8  Conv. (cfs) 67.3 1531.6 176.9 

 Length Wtd. (ft) 99.96  Wetted Per. (ft) 10.99 27.35 27.95 

 Min Ch El (ft) 6916.11  Shear (lb/sq ft) 0.36 1.36 0.37 

 Alpha  1.26  Stream Power (lb/ft s) 0.45 4.15 0.47 

 Frctn Loss (ft) 1.18  Cum Volume (acre-ft) 0.01 0.92 0.02 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.02 0.57 0.03 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 900    Profile: PF 1

 E.G. Elev (ft) 6917.99  Element Left OB Channel Right OB

 Vel Head (ft) 0.12  Wt. n-Val.   0.080  

 W.S. Elev (ft) 6917.87  Reach Len. (ft) 111.00 100.00 84.00 

 Crit W.S. (ft)   Flow Area (sq ft)  67.32  

 E.G. Slope (ft/ft) 0.012344  Area (sq ft)  67.32  

 Q Total (cfs) 188.00  Flow (cfs)  188.00  

 Top Width (ft) 42.09  Top Width (ft)  42.09  

 Vel Total (ft/s) 2.79  Avg. Vel. (ft/s)  2.79  

 Max Chl Dpth (ft) 2.84  Hydr. Depth (ft)  1.60  

 Conv. Total (cfs) 1692.1  Conv. (cfs)  1692.1  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  42.77  

 Min Ch El (ft) 6915.02  Shear (lb/sq ft)  1.21  



Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 900    Profile: PF 1 (Continued)

 Alpha  1.00  Stream Power (lb/ft s)  3.39  

 Frctn Loss (ft) 1.01  Cum Volume (acre-ft) 0.00 0.79 0.00 

 C & E Loss (ft) 0.01  Cum SA (acres) 0.00 0.49 0.00 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 800    Profile: PF 1

 E.G. Elev (ft) 6916.97  Element Left OB Channel Right OB

 Vel Head (ft) 0.09  Wt. n-Val.   0.080  

 W.S. Elev (ft) 6916.89  Reach Len. (ft) 100.50 100.00 100.00 

 Crit W.S. (ft)   Flow Area (sq ft)  80.17  

 E.G. Slope (ft/ft) 0.008358  Area (sq ft)  80.17  

 Q Total (cfs) 188.00  Flow (cfs)  188.00  

 Top Width (ft) 48.98  Top Width (ft)  48.98  

 Vel Total (ft/s) 2.34  Avg. Vel. (ft/s)  2.34  

 Max Chl Dpth (ft) 3.03  Hydr. Depth (ft)  1.64  

 Conv. Total (cfs) 2056.3  Conv. (cfs)  2056.3  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  49.40  

 Min Ch El (ft) 6913.85  Shear (lb/sq ft)  0.85  

 Alpha  1.00  Stream Power (lb/ft s)  1.99  

 Frctn Loss (ft) 0.78  Cum Volume (acre-ft) 0.00 0.62 0.00 

 C & E Loss (ft) 0.00  Cum SA (acres) 0.00 0.39 0.00 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 700    Profile: PF 1

 E.G. Elev (ft) 6916.19  Element Left OB Channel Right OB

 Vel Head (ft) 0.07  Wt. n-Val.  0.080 0.080 0.080 

 W.S. Elev (ft) 6916.11  Reach Len. (ft) 82.00 100.00 114.00 

 Crit W.S. (ft)   Flow Area (sq ft) 0.06 86.37 0.10 

 E.G. Slope (ft/ft) 0.007279  Area (sq ft) 0.06 86.37 0.10 

 Q Total (cfs) 188.00  Flow (cfs) 0.01 187.95 0.04 

 Top Width (ft) 55.48  Top Width (ft) 1.42 53.00 1.06 

 Vel Total (ft/s) 2.17  Avg. Vel. (ft/s) 0.20 2.18 0.34 

 Max Chl Dpth (ft) 2.98  Hydr. Depth (ft) 0.04 1.63 0.10 

 Conv. Total (cfs) 2203.6  Conv. (cfs) 0.1 2203.0 0.4 

 Length Wtd. (ft) 100.00  Wetted Per. (ft) 1.43 53.67 1.07 

 Min Ch El (ft) 6913.13  Shear (lb/sq ft) 0.02 0.73 0.04 

 Alpha  1.00  Stream Power (lb/ft s) 0.00 1.59 0.01 

 Frctn Loss (ft) 1.33  Cum Volume (acre-ft) 0.00 0.43 0.00 

 C & E Loss (ft) 0.02  Cum SA (acres) 0.00 0.27 0.00 

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 600    Profile: PF 1

 E.G. Elev (ft) 6914.84  Element Left OB Channel Right OB

 Vel Head (ft) 0.25  Wt. n-Val.   0.080  

 W.S. Elev (ft) 6914.59  Reach Len. (ft) 94.00 100.00 104.00 

 Crit W.S. (ft)   Flow Area (sq ft)  46.99  

 E.G. Slope (ft/ft) 0.031340  Area (sq ft)  46.99  

 Q Total (cfs) 188.00  Flow (cfs)  188.00  

 Top Width (ft) 34.58  Top Width (ft)  34.58  

 Vel Total (ft/s) 4.00  Avg. Vel. (ft/s)  4.00  

 Max Chl Dpth (ft) 2.46  Hydr. Depth (ft)  1.36  

 Conv. Total (cfs) 1062.0  Conv. (cfs)  1062.0  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  35.02  

 Min Ch El (ft) 6912.13  Shear (lb/sq ft)  2.63  

 Alpha  1.00  Stream Power (lb/ft s)  10.50  

 Frctn Loss (ft) 1.34  Cum Volume (acre-ft)  0.27  

 C & E Loss (ft) 0.05  Cum SA (acres)  0.17  



  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 500    Profile: PF 1

 E.G. Elev (ft) 6913.46  Element Left OB Channel Right OB

 Vel Head (ft) 0.09  Wt. n-Val.   0.080  

 W.S. Elev (ft) 6913.37  Reach Len. (ft) 87.00 100.00 107.00 

 Crit W.S. (ft)   Flow Area (sq ft)  79.71  

 E.G. Slope (ft/ft) 0.007372  Area (sq ft)  79.71  

 Q Total (cfs) 188.00  Flow (cfs)  188.00  

 Top Width (ft) 43.67  Top Width (ft)  43.67  

 Vel Total (ft/s) 2.36  Avg. Vel. (ft/s)  2.36  

 Max Chl Dpth (ft) 3.48  Hydr. Depth (ft)  1.83  

 Conv. Total (cfs) 2189.6  Conv. (cfs)  2189.6  

 Length Wtd. (ft) 100.00  Wetted Per. (ft)  44.32  

 Min Ch El (ft) 6909.89  Shear (lb/sq ft)  0.83  

 Alpha  1.00  Stream Power (lb/ft s)  1.95  

 Frctn Loss (ft) 1.80  Cum Volume (acre-ft)  0.13  

 C & E Loss (ft) 0.05  Cum SA (acres)  0.08  

  

Plan: Plan 01    CHAN EAST PR    chan-east-pr  RS: 400    Profile: PF 1

 E.G. Elev (ft) 6911.60  Element Left OB Channel Right OB

 Vel Head (ft) 0.58  Wt. n-Val.   0.080  

 W.S. Elev (ft) 6911.02  Reach Len. (ft)    

 Crit W.S. (ft) 6911.02  Flow Area (sq ft)  30.76  

 E.G. Slope (ft/ft) 0.094950  Area (sq ft)  30.76  

 Q Total (cfs) 188.00  Flow (cfs)  188.00  

 Top Width (ft) 27.24  Top Width (ft)  27.24  

 Vel Total (ft/s) 6.11  Avg. Vel. (ft/s)  6.11  

 Max Chl Dpth (ft) 2.21  Hydr. Depth (ft)  1.13  

 Conv. Total (cfs) 610.1  Conv. (cfs)  610.1  

 Length Wtd. (ft)   Wetted Per. (ft)  27.87  

 Min Ch El (ft) 6908.81  Shear (lb/sq ft)  6.54  

 Alpha  1.00  Stream Power (lb/ft s)  39.99  

 Frctn Loss (ft)   Cum Volume (acre-ft)    

 C & E Loss (ft)   Cum SA (acres)    
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LOT 42

LOT 40
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KO1515 LLC
PO BOX 1385

COLORADO SPRINGS CO, 80901-1385

4 WAY RANCH JOINT VENTURE, LLC.
P.O. Box 50223

Colorado Springs, CO 80949

935 DEVELOPMENT INC.
P.O. BOX 50223

COLORADO SPRINGS, CO 80949

4 WAY RANCH JOINT VENTURE, LLC.
P.O. Box 50223

Colorado Springs, CO 80949

4 WAY RANCH JOINT VENTURE, LLC.
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4 WAY RANCH JOINT VENTURE, LLC.
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EASTONVILLE ROAD

KO1515 LLC
PO BOX 1385

COLORADO SPRINGS CO, 80901-1385

4 WAY RANCH JOINT VENTURE, LLC.
P.O. Box 50223

Colorado Springs, CO 80949

935 DEVELOPMENT INC.
P.O. BOX 50223

COLORADO SPRINGS, CO 80949

4 WAY RANCH JOINT VENTURE, LLC.
P.O. Box 50223

Colorado Springs, CO 80949
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APPENDIX I 

DRAINAGE MAPS 

 



EXIST. 3 - 42" RCP
CULVERTS

EXIST. TEMP. POND
ESTIMATED RELEASE
PER MERIDIAN RANCH
FILING NO. 3 FDR:
5 YR. = 28 CFS
100 YR. = 153 CFS

FUTURE DETENTION POND E
PER MERIDIAN RANCH MDDP
OUTLET STRUCTURE #1
(EXIST. (3) 42" RCP CULVERTS)
100 YR. = 185 CFS

APPROX. LOCATION
OF 100 YR. FEMA FLOODPLAIN

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

WETLANDS

EX 12" WATER LINE TO BE
RLOCATED W/ FUTURE FILINGS.

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

 Tc TYP.

EXISTING
STOCK POND

EX 30" RCP
CULVERT

EX 30" RCP
CULVERT

EASTONVILLE ROAD
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4 -WAY RANCH
FILING NO. 1

4 -WAY RANCH
FILING NO. 1

LOT 39

LOT 42

LOT 38

LOT 37

LOT 36

LOT 35

LOT 15

STAPLETO
N DRIVE

(130' RO
W

)

UNPLATTED

FUTURE 4-WAY RANCH
COMMERCIAL DEVELOPMENT

4 -WAY RANCH
FILING NO. 1

LOT 14

BANDANERO DRIVE

(80' ROW)

BANDANERO DRIVE

(80' ROW)

GILBERT DRIVE

(70' ROW)

THATCHER COURT

(70' ROW)

EXIST. 3 - 42" RCP
CULVERTS

EXIST. TEMP. POND
ESTIMATED RELEASE
PER MERIDIAN RANCH
FILING NO. 3 FDR:
5 YR. = 28 CFS
100 YR. = 153 CFS

FUTURE DETENTION POND E
PER MERIDIAN RANCH MDDP
OUTLET STRUCTURE #1
(EXIST. (3) 42" RCP CULVERTS)
100 YR. = 185 CFS

APPROX. LOCATION
OF 100 YR. FEMA FLOODPLAIN

APPROX. LOCATION
OF 100 YR. FEMA FLOODPLAIN

EXIST. (2) 8'x4' CBC

EXIST OFF-SITE SWQ POND 3
(IN-LINE)
0.66 AC-FT. WQCV REQ.
1.2 AC-FT. WQCV PROVIDED
WITHIN THE EXIST. STOCK
POND

PROPOSED IN-FLOW
5-YR. = 69 CFS
100-YR. = 397 CFS

PROPOSED RELEASE
5-YR. = 69 CFS
100 YR. = 396 CFS

HISTORIC RELEASE
5-YR. = 76 CFS
100 YR. = 437 CFS

EXIST. DRAINAGE ESMT.
(REC.#  214087198)

EXIST. STOCK POND
CONVERTED TO SWQ FOREBAY
FOR MITIGATION OF 4-WAY
RANCH FIL. 1 AND PORTIONS
OF WATERBURY DEVELOPMENT

PROPERTY

    
LINE

4 -WAY RANCH
FILING NO. 1

EX. 4'x4' CONC. OUTLET BOX W/
INTEGRAL MICROPOOL AND
24" RCP OUTLET PIPE

EXIST. DRAINAGE ESMT.
(BY SEPARATE INSTRUMENT)

EXIST. OFF-SITE SWQ POND 2
0.34 AC-FT. WQCV REQ.
0.60 AC-FT. WQCV PROVIDED
WITH INSTALLED CONCRETE
OUTLET BOX AND ORIFICE
PLATE

PROPOSED IN-FLOW
5-YR. = 10 CFS
100-YR. = 53 CFS

PROPOSED RELEASE
5-YR. = 0.4 CFS
100 YR. = 51 CFS

EXIST. OFF-SITE SWQ POND 1
0.52 AC-FT. WQCV REQ.
0.66 AC-FT. WQCV PROVIDED
WITH INSTALLED CONCRETE
OUTLET BOX AND ORIFICE
PLATE

EXIST. IN-FLOW
5-YR. = 18 CFS
100-YR. = 133 CFS

EXIST. RELEASE
5-YR. = 13 CFS
100 YR. = 131 CFS

SEE APPENDIX FOR ALL OFF-SITE
SWQ BASINS TRIBUTARY TO THE
PROPOSED SWQ PONDS.

EX. 4'x4' CONC. OUTLET BOX W/
INTEGRAL MICROPOOL AND
24" RCP OUTLET PIPE AND
E/C BLANKET AT SPILLWAY

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

WETLANDS

WETLANDS

RLOCATED W/ FUTURE FILINGS.

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

 Tc TYP.

 Tc TYP.

 Tc TYP.

EXISTING
STOCK POND

25'  WATER EASEMENT
RECEPTION NO. 207143735
RECEPTION NO. 207143736
RECEPTION NO. 207143737
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UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

EASTONVILLE  ROAD

EXIST. 3 - 42" RCP
CULVERTS PUB

EXIST. TEMP. POND
ESTIMATED RELEASE
PER MERIDIAN RANCH
FILING NO. 3 FDR:
5 YR. = 28 CFS
100 YR. = 153 CFS

DETENTION POND E
PER MERIDIAN RANCH MDDP
OUTLET STRUCTURE #1
(EXIST. (3) 42" RCP CULVERTS)
5 YR. = 33 CFS
100 YR. = 305 CFS

APPROX. LOCATION
OF 100 YR. FEMA FLOODPLAIN

18" RCP
STORM

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

WETLANDS

EX 12" WATER LINE TO BE
RLOCATED W/ FUTURE FILINGS.

18" DIA.
INLETS

18" DIA.
INLETS

PR. 1' HIGH BERM W/ 18" DIA.
AREA INLET AT LOWER REAR

LOT  CORNER TYP. LOTS 90-92
SEE DETAIL SHEET 5

PUBLIC ROW ACCESS FOR
CHANNEL MAINTENANCE

ACCESS EASEMENT FOR
CHANNEL MAINTENANCE

ACCESS ROAD FOR
CHANNEL MAINTENANCE

NOTE:
OFFSITE FLOWS FROM FUTURE BASINS TO THE
NORTH ARE ACCOUNTED FOR IN THE DESIGN AND
SIZING OF POND 3. THE EXACT LOCATION OF THE
PIPE DISCHARGE INTO THE POND IS NOT KNOWN
AT THIS TIME. WHEN THE AREA IS DEVELOPED THE
FINAL DRAINAGE REPORT AND CONSTRUCTION
DRAWINGS FOR THE DEVELOPMENTS WILL DETAIL
THE STORM DRAIN INTO  THE POND AND ANY POND
UPGRADES WILL BE DETAILED AT THAT TIME.

EASTONVILLE ROAD

EX 18" RCP
CULVERT

PUB

10' SUMP
INLETS

PUB

EX 24" RCP

EX 18" RCP
PUB

EX 10' SUMP
INLETS PUB

EX 10' SUMP
INLETS

PUB

EX 24" RCP
PUB

EX 18" RCP
PUB

EX TYPE 13
INLET PUB

18" RCP
OUTLET TO BE

REMOVED ONCE
WATERBURY STORM

INSTALLED

EXIST. POND RELEASE
PER EASTONVILLE ROAD

CORRIDOR PH 1 FDR:
5 YR. = 0.3 CFS

100 YR. = 5.0 CFS

EXIST. POND RELEASE
PER EASTONVILLE ROAD
LONDONDERRY DR. TO
REX RD.  FDR:
5 YR. = 0.06 CFS
100 YR. = 1.0 CFS

EXIST. FLOWS PER
EASTONVILLE ROAD

LONDONDERRY DR. TO
REX RD.  FDR: DP 3

5 YR. = 3.7 CFS
100 YR. = 24.5 CFS

EX 30" RCP
CULVERT

PUB

5' SUMP
INLETS

PUB

EX 18" RCP
PUB

EX 18" RCP
PUB

PR 18" RCP
PUB

PR 24" RCP
PUB

PR 24" RCP
PUB

PR 30" RCP
PUB

PR 18" RCP
PUB

PR 30" RCP
PUB

LP

LP

LP

WETLANDS

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

25'  WATER EASEMENT
RECEPTION NO. 207143735
RECEPTION NO. 207143736
RECEPTION NO. 207143737

TC #24

ACCESS EASEMENT FOR
CHANNEL MAINTENANCE

TYPE VL D50=6" RIPRAP
16' W x 20' LONG
BURY DEPTH = 1'

GEICK RANCH
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30' UTIL/DRAINAGE
EASEMENT

REC # 215114398

PROPOSED FSD POND 2
(0.241 AC-FT. WQCV)
(0.278 AC-FT. EURV)
(1.026 AC-FT 100-Y)
(3:1 SLOPES / 6' MAX. DEPTH)
PROP. DESIGN POINT IN-FLOW
5-YR. = 17 CFS
100-YR. = 31 CFS
PROP. MHFD UD DET IN-FLOW
5-YR. = 7.7 CFS
100-YR. = 29.3 CFS
PROPOSED RELEASE
5-YR. = 0.2 CFS
100 YR. =14.8 CFS

PROPOSED FSD POND 1
(0.394 AC-FT. WQCV)
(0.957 AC-FT. EURV)
(2.127 AC-FT 100-Y)
(3:1 SLOPES / 6.5' MAX. DEPTH)
PROP. DESIGN POINT IN-FLOW
5-YR. = 28 CFS
100-YR. = 63 CFS
PROP. MHFD UD DET IN-FLOW
5-YR. = 24.4 CFS
100-YR. = 59.9 CFS
PROPOSED RELEASE
5-YR. = 0.4 CFS
100 YR. =14.6 CFS

4 -WAY RANCH
FILING NO. 1

LOT 39 LOT 38

LOT 37

LOT 36

LOT 35

LOT 15

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

STAPLETO
N DRIVE

(130' RO
W

)

UNPLATTED

FUTURE 4-WAY RANCH
COMMERCIAL DEVELOPMENT

4 -WAY RANCH
FILING NO. 1

LOT 14

LOT 13

BANDANERO DRIVE

(80' ROW)

BANDANERO DRIVE

(80' ROW)

GILBERT DRIVE

(70' ROW)

THATCHER COURT

(70' ROW)

SAYBROOK ROAD

SAYBROOK ROAD

SUNKEN M
EADO

W
 RD

FISH
 C

AM
P D

R
.

SANDY NECK WAY

HP

HP

HP

HP

HP

LP

LP

LP

HP

APPROX. LOCATION
OF 100 YR. FEMA FLOODPLAIN

APPROX. LOCATION
OF 100 YR. FEMA FLOODPLAIN

EXIST. (2) 4' HIGH
x 8' WIDE CBC

HP

10' TYPE R
SUMP INLET

5' TYPE R
SUMP INLET

10' TYPE R
SUMP INLET

5' TYPE R
SUMP INLET18" RCP

STORM

24" RCP
STORM

36" RCP
STORM

18" RCP
STORM

DUAL 42" RCP
CULVERTS

18" RCP
CULVERT

EXIST OFF-SITE SWQ POND 3
(IN-LINE)
0.66 AC-FT. WQCV REQ.
1.2 AC-FT. WQCV PROVIDED
WITHIN THE EXIST. STOCK
POND

PROPOSED IN-FLOW
5-YR. = 69 CFS
100-YR. = 397 CFS

PROPOSED RELEASE
5-YR. = 69 CFS
100 YR. = 396 CFS

HISTORIC RELEASE
5-YR. = 76 CFS
100 YR. = 437 CFS

EXIST. DRAINAGE ESMT.
(REC.#  214087198)

EXIST. STOCK POND
CONVERTED TO SWQ FOREBAY
FOR MITIGATION OF 4-WAY
RANCH FIL. 1 AND PORTIONS
OF WATERBURY DEVELOPMENT

PROPERTY

    
LINE

HP

HP

LP

5' TYPE R
SUMP INLET

5' TYPE R
SUMP INLET

4'x4' CONC. OUTLET BOX W/
INTEGRAL MICROPOOL AND
24" RCP OUTLET PIPE

18'X12' CONC. FOREBAY
W/ RIP-RAP

5' TYPE R
SUMP INLET

24" WIDE CONCRETE
TRICKLE CHANNEL

4 -WAY RANCH
FILING NO. 1

EX. 4'x4' CONC. OUTLET BOX W/
INTEGRAL MICROPOOL AND
24" RCP OUTLET PIPE

EXIST. DRAINAGE ESMT.
(BY SEPARATE INSTRUMENT)

SEE APPENDIX FOR ALL OFF-SITE
SWQ BASINS TRIBUTARY TO THE
PROPOSED SWQ PONDS.

EX. 4'x4' CONC. OUTLET BOX W/
INTEGRAL MICROPOOL AND
24" RCP OUTLET PIPE AND
E/C BLANKET AT SPILLWAY

MAINT. ACCESS

LP

LP

LP

LP

5' TYPE R
SUMP INLET

10' TYPE R
SUMP INLET

5' TYPE R
SUMP INLET

10' TYPE R
SUMP INLET

5' TYPE R
SUMP INLET

10' TYPE R
AT-GRADE INLET

15' TYPE R
SUMP INLET

15' TYPE R
SUMP INLET

5' TYPE R
SUMP INLET

5' TYPE R
SUMP INLET

10' TYPE R
SUMP INLET

5' TYPE R
SUMP INLET

TRIPLE  36" RCP
CULVERTS

10' TYPE R
SUMP
INLETS

18" RCP
STORM 24" RCP

STORM

24" RCP
STORM

18" RCP
STORM

MAINT. ACCESS

24" RCP
STORM

18" RCP
STORM

30" RCP
STORM

18" RCP
STORM

36" RCP
STORM

24" RCP
STORM

36" RCP
STORM

18" RCP
STORM

4'x4' CONC. OUTLET BOX W/
INTEGRAL MICROPOOL AND
18" RCP OUTLET PIPE

18'X12' CONC. FOREBAY
W/ RIP-RAP

24" WIDE CONCRETE
TRICKLE CHANNEL

24" RCP
STORM

18" RCP
STORM

24" RCP
STORM

18" RCP
STORM

24" RCP
STORM

36" RCP
STORM

36" RCP
STORM

18" RCP
STORM

18" RCP
STORM

42" RCP
STORM

24" RCP
STORM

42" RCP
STORM

18" RCP
STORM

42" RCP
STORM

FISH CAM
P DRIVE

MANORHAVEN WAY

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

UNPLATTED

WETLANDS

WETLANDS

24" RCP
STORM

BEECH CREEK DR.

BEEC
H

 C
R

EEK D
R

.

SUNKEN M
EADOW

 RD

M
UDDY PO

ND ST

MEGANSETT WAY

MASONBORO  WAY

M
U

D
D

Y PO
N

D
 ST

PECONIC  WAY

36" RCP
STORM

30" RCP
STORM

EX 12" WATER LINE TO BE
RLOCATED W/ FUTURE FILINGS.

12" HDPE
STORM

12" HDPE
STORM

18" DIA.
INLETS

18" DIA.
INLETS

18" DIA.
INLETS

18" DIA.
INLETS

18" DIA.
INLETS

18" DIA.
INLETS

18" DIA.
INLETS

12" HDPE
STORM

12" HDPE
STORM

24" RCP
STORM

24" RCP
STORM

18" RCP
ELLIPTICAL
STORM

5' TYPE R
AT-GRADE INLET

5' TYPE R
AT-GRADE INLET

PR. 1' HIGH BERM W/ 18" DIA.
AREA INLET AT LOWER REAR

LOT  CORNER TYP. LOTS 90-92
SEE DETAIL SHEET 5

PR. 1' HIGH BERM W/ 18" DIA.
AREA INLET AT LOWER REAR
LOT  CORNER TYP. LOTS 46-49
SEE DETAIL SHEET 5

PR. 1' HIGH BERM W/
18" DIA. AREA INLET
AT LOWER REAR LOT
CORNER TYP. LOTS 43.45
SEE DETAIL SHEET 5

PR. 1' HIGH BERM W/
18" DIA. AREA INLET
AT LOWER REAR LOT
CORNER TYP. LOTS 88-92

FUTURE C&G

FUTURE
C&G

PROPOSED FSD POND 3
(1.307 AC-FT. WQCV)
(3.278 AC-FT. EURV)
(7.144  AC-FT 100-Y)
(3:1 SLOPES / 8' MAX. DEPTH)
PROP. DESIGN POINT IN-FLOW
5-YR. = 111 CFS
100-YR. = 270 CFS
PROP. MHFD UD DET IN-FLOW
5-YR. =116.4 CFS
100-YR. = 269.3 CFS
PROPOSED RELEASE
5-YR. = 1.3 CFS
100 YR. = 37.7 CFS

PUBLIC ROW ACCESS FOR
CHANNEL MAINTENANCE

ACCESS ROAD FOR
CHANNEL MAINTENANCE

ACCESS ROAD FOR
CHANNEL MAINTENANCE

GRAVEL ACCESS ROAD FOR
CHANNEL MAINTENANCE

PUBLIC ROW ACCESS FOR
CHANNEL MAINTENANCE

ACCESS ROAD FOR
CHANNEL MAINTENANCE

ACCESS EASEMENT FOR
CHANNEL MAINTENANCE

ACCESS EASEMENT FOR
CHANNEL MAINTENANCE

ACCESS EASEMENT FOR
CHANNEL MAINTENANCE

36" RCP
STORM

ACCESS ROAD FOR
CHANNEL MAINTENANCE

ACCESS ROAD FOR
CHANNEL MAINTENANCE

NOTE:
OFFSITE FLOWS FROM FUTURE BASINS TO THE
NORTH ARE ACCOUNTED FOR IN THE DESIGN AND
SIZING OF POND 3. THE EXACT LOCATION OF THE
PIPE DISCHARGE INTO THE POND IS NOT KNOWN
AT THIS TIME. WHEN THE AREA IS DEVELOPED THE
FINAL DRAINAGE REPORT AND CONSTRUCTION
DRAWINGS FOR THE DEVELOPMENTS WILL DETAIL
THE STORM DRAIN INTO  THE POND AND ANY POND
UPGRADES WILL BE DETAILED AT THAT TIME.

EXIST. OFF-SITE SWQ POND 1
0.52 AC-FT. WQCV REQ.
0.66 AC-FT. WQCV PROVIDED
WITH INSTALLED CONCRETE
OUTLET BOX AND ORIFICE
PLATE

EXIST. IN-FLOW
5-YR. = 18 CFS
100-YR. = 133 CFS

EXIST. RELEASE
5-YR. = 13 CFS
100 YR. = 131 CFS

EXIST. OFF-SITE SWQ POND 2
0.34 AC-FT. WQCV REQ.
0.60 AC-FT. WQCV PROVIDED
WITH INSTALLED CONCRETE
OUTLET BOX AND ORIFICE
PLATE

PROPOSED IN-FLOW
5-YR. = 10 CFS
100-YR. = 53 CFS

PROPOSED RELEASE
5-YR. = 0.4 CFS
100 YR. = 51 CFS

GROUNDWATER
INJECTOR PIT

EX 24" RCP

18" RCP
OUTLET TO BE

REMOVED ONCE
WATERBURY STORM

INSTALLED

PR 18" RCP
PUB

PR 30" RCP
PUB

WETLANDS

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

UNPLATTED

FUTURE WATERBURY
DEVELOPMENT

25'  WATER EASEMENT
RECEPTION NO. 207143735
RECEPTION NO. 207143736
RECEPTION NO. 207143737

TC #24

HP

HP

ACCESS EASEMENT FOR
CHANNEL MAINTENANCE

5' TYPE R
SUMP INLET

HAUSMEN EASEMENT ACCESS
FOR CHANNEL MAINTENANCE

TYPE VL D50=6" RIPRAP
16' W x 20' LONG
BURY DEPTH = 1'

GEICK RANCH

HAEGLER RANCH

GEICK RANCH

HAEGLER RANCH

FUTURE 50' R.O.W.

URBAN RES. LOCAL

FUTURE 50' R.O.W.

URBAN RES. LOCAL

GROUNDWATER
INJECTOR PIT
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PROPOSED FSD POND 1
(0.394 AC-FT. WQCV)
(0.957 AC-FT. EURV)
(2.127 AC-FT 100-Y)
(3:1 SLOPES / 6.5' MAX. DEPTH)
PROP DESIGN POINT IN-FLOW
5-YR. = 28 CFS
100-YR. = 63 CFS
PROP MHFD UD DET IN-FLOW
5-YR. = 24.4 CFS
100-YR. = 59.9 CFS
PROPOSED RELEASE
5-YR. = 0.4 CFS
100 YR. =14.6 CFS

PROPOSED FSD POND 2
(0.241 AC-FT. WQCV)
(0.278 AC-FT. EURV)
(1.026 AC-FT 100-Y)
(3:1 SLOPES / 6' MAX. DEPTH)
PROP DESIGN POINT IN-FLOW
5-YR. = 17 CFS
100-YR. = 31 CFS
PROP MHFD UD DET IN-FLOW
5-YR. = 7.7 CFS
100-YR. = 29.3 CFS
PROPOSED RELEASE
5-YR. = 0.2 CFS
100 YR. =14.8 CFS

PROPOSED FSD POND 3
(1.307 AC-FT. WQCV)
(3.278 AC-FT. EURV)
(7.144  AC-FT 100-Y)
(3:1 SLOPES / 8' MAX. DEPTH)
PROP DESIGN POINT IN-FLOW
5-YR. = 111 CFS
100-YR. = 270 CFS
PROP MHFD UD DET IN-FLOW
5-YR. =116.4 CFS
100-YR. = 269.3 CFS
PROPOSED RELEASE
5-YR. = 1.3 CFS
100 YR. = 37.7 CFS

GEICK RANCH

HAEGLER RANCH

GEICK RANCH

HAEGLER RANCH

FUTURE 50' R.O.W.

URBAN RES. LOCAL

FUTURE 50' R.O.W.

URBAN RES. LOCAL
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