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MASTER DEVELOPMENT DRAINAGE PLAN  
AND FINAL DRAINAGE REPORT FOR  

WATERBURY FILINGS NO. 1 & 2 
EL PASO COUNTY, COLORADO 

 
INTRODUCTION 
PURPOSE 
The purpose of this Master Development Drainage Plan 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 

has revised the lot layout and removed the alleys shown in Filings 1 & 2. All the public roadways 

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

Bayshore Way, where the it changed from 65’ to 89’. With these changes El Paso County 

Development Services has requested that we submit a new Preliminary Plan and the associated 

MDDP for these revisions. The site will now be developed in 2 Filings, Filing 1 & Filing 2.  With the 

Construction drawings being submitted shortly after the Preliminary Plan the Final Drainage Report 

for Filings 1& 2 is also included in this analysis. The overall proposed drainage patterns do not differ 

much and follow the previous studies closely.  

  

DBPS 
The Waterbury site lies within the Geich Ranch Drainage Basin, storm runoff drains southerly via 2 

existing natural waterways, one bordering the site on the east and one on the west.  These 2 channels 

eventually drain to Black Squirrel Creek and ultimately the Arkansas River.  
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PROJECT CHARACTERISTICS  
Waterbury Filings 1 & 2 consists of 61.93 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.   Filing 1 is 29.44 acres 

with 108 single family units, while Filing 2 is 32.44 acres 93 single family lots.   

 

The site is in the southeast corner of Section 28, 29 & 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. 

The “Geich Ranch Drainage Basin Planning Study” dated February 2008, and preprepared 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. 
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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 FEAM Firmette. Lots from 

Filings 1 & 2 abut the channel with rear lots lines, but are set to be outside of the 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 (see appendix for HEC-RAS model). 

 

HYDROLOGIC ANALYSIS FOR MDDP 

MAJOR DRAINAGE BASIN 
The Waterbury Filing 1 & 2 site lies within the within the Geich Ranch Drainage Basin, storm runoff 

drains southerly to Sand Creek via a public piped system and then into Fountain Creek.  “Geich Ranch 

Drainage Basin Planning Study” dated February 2008, and preprepared by Drexel Barrel & Co. is the 

Drainage Basin Planning Study on file for this basin. 

 

METHODOLOGY  
The El Paso County Drainage Criteria Manual (EPCDCM), dated May 1994 was the resource used 

in this analysis with the exception for calculating the 5-year and 100-year design storm events. 

Chapter 6 of the City of Colorado Springs Drainage Criteria Manual (CSDCM) was referenced in 

determining rainfall and runoff for the proposed drainage system. Runoff was calculated using the 

Rational Method for developed conditions (see appendix). Runoff coefficients were calculated using 

weighted impervious values for each specific basin base upon Table 6.6 of the CSDCM. Table 6.5 

was used for calculating intensity (see appendix). 

dsdrice
 FEAM

dsdrice
Callout
State that FEMA-approved (LOMR) floodplain elevations are required to be shown on the final plats.

dsdrice
h 

dsdrice
Callout
k

dsdrice
 Sand Creek

dsdrice
Callout
revise

dsdrice
h 

dsdrice
Cloud+

dsdrice
Cloud+
drafted but not accepted by EPC

dsdrice
Callout
per the EPC DCM1 Update resolution

dsdrice
Text Box
Haegler also



7 
 

 

 
EXISTING MAJOR SUBBASIN DESCRIPTION (FOR MDDP) 
There are 3 offsite basins that drain existing runoff onto the site from the north under Eastonville 

Road through culverts. There is also unplatted open space just north of the proposed Waterbury Filing 

No. 1 & 2. 

 

The first culvert crossing consists of 3-42” RCP that routes runoff from a temporary sediment pond 

south onto the property. 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 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 drains south to Stapleton 

Drive where dual 4’ x 8’ concrete box culverts route the water south in its natural path. 

 

The second culvert crossing is a 36” RCP culvert that drains from north to south under Eastonville 

Road (Basin OS-8 in Proposed Conditions) onto the undeveloped open space north of the proposed 

Filing 2 layout. The Meridian Ranch MDDP states the runoff is Q5 = 5 cfs, Q100 = 11 cfs. The third 

culvert crossing (Basin OS-9 in Proposed Conditions) is another 36” RCP that routes the runoff under 

Eastonville Road and onto the open space. Both of these culverts along with the undeveloped open 

space drains south and into the channel along the easterly boundary. An analysis found that this 

drainage channel is a jurisdictional waters of the U.S. with associated jurisdictional wetland habitat. 

 

In the existing condition runoff from Filing 2 sheet flows south onto Filing 1 and from here the runoff 

is directed southwest and southeast overland to the existing channels on the west and eastside of the 

site.  

 

PROPOSED MAJOR SUBBASIN DESCRIPTION (FOR MDDP) 
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 Filings 1 & 2 development 

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

detention ponds in Filings 1 & 2. This future area is shown as fully developed to analyze the ultimate 
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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 Filings 1 & 2 construction. See the Proposed MDDP Drainage Map in the 

appendix for a visual representation of the below Basin descriptions.  

 
Design Point 1 is a proposed public 6’ D10-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-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 the flow.   

 

Design Point 2 is a proposed public 4’ D10-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.  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 4’ D10-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 4’ D10-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 4’ D10-R sump inlet located in the west flowline of Sandy Neck 

Way opposite of DP 3. Basin B2’s 2.69 acres consists of roadway and single-family development. 

Runoff (Q5 = 4 cfs, Q100 = 9 cfs) is routed to Design Point 4. The 4’ D10-R sump inlet captures the 

entire flow. Pipe run 4 an 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 = 8 cfs, Q100 = 17 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 

30” RCP then routes the combined (Q5 = 15 cfs, Q100 = 32 cfs) flow of Pipe runs 2 & 5 south down 

Sandy Neck Way to a junction at Design Point 5. 
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Design Point 5 is a proposed public 6’ D10-R sump inlet located in the west flowline of Sandy Neck 

Way. 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 = 2 cfs, Q100 = 5 cfs) from Basin H’s 1.13 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 = 6 cfs, Q100 = 14 cfs) at DP 5 is captured in the 6’ D10-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) to Design Point a junction with Pipe run 3. If this inlet were 

blocked, runoff would overtop the curb and flow sown the storm drain tract and into the proposed 

FSD Pond 1 (Design Point 8). 

 

Design Point 6 is a proposed public 4’ D10-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. 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 4’ D10-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 4’ 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 = 15 cfs) of Pipe runs 8 & 9 are routed south 

down Saybrook Road to the proposed FSD Pond 1 Design (Design Point 8). 

 

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

7 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 21 are Basins A, B1, B2, C, D, E, F, H & K with a 

total area of 19.91 acres. The 100-year effective impervious area of 48.7% was calculated using UD-

BMP Version 3.07 IRF spreadsheet. This information was entered into the UD-Detention_v4.03 

spreadsheet and the calculation yielded a required a WQCV of 0.324 ac-ft, a EURV of 0.703 ac-ft 
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and a 100-year detention volume of 0.650ac-ft. This gave a total required volume of 1.667 ac-ft. The 

top of pond is set at 6930.00, with a bottom of pond at 6923.50. The pipes and swales to the pond 

discharge into 2 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’ outlet box with the grate set at 

6926.56, an outlet plate on the front to meet the 3-orifice requirement and an 18” outlet pipe with a 

restrictor plate set 7.0” above the invert will route all runoff from the pond. The metal plate will have 

1 column containing 3 rows of 1-13/16” diameter orifice holes spaced 12.9” apart starting at 6923.50. 

The WQCV release is 0.20 cfs with a ponding elevation of 6925.14 and takes 40 hours to release. The 

EURV release is 0.4 cfs, with an elevation of 6926.54 and takes 70 hours to release. The 100-year 

detention release is 8.3 cfs, with an elevation of 6927.29 and takes 71 hours to release. A 30’ long 

riprap emergency spillway set at 6928.00 will allow the 100-year developed peak in flow (Q100= 29.1 

cfs) with a depth of 0.46’ (top of water = 6928.46) 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= 

VH 24” riprap. Pipe Run 10A a private 18” RCP will route the pond release into the existing natural 

channel. (See Pond Calculations in appendix).  

 

Design Point 9 is an existing 36” RCP culvert under Eastonville Road where Offsite Basin OS-9 

discharges onto offsite Basin OS-2. Runoff (Q5 = 8 cfs, Q100 = 19 cfs) from Basin OS-9’s 11.80 acres 

consists of historic flow based upon upstream detention. Further breakdown of this flow will be 

discussed with analysis of Design Point 29 and the discussion for Tributary flow to the FSD Pond 3. 

 

Design Point 10 is an existing 36” RCP culvert under Eastonville Road south of the existing High 

School Pond where Offsite Basin OS-8 discharges onto a future Waterbury Filing. Runoff (Q5 = 5 

cfs, Q100 = 11 cfs) from Basin OS-10’s 3.41 acres consists of historic flow based upon upstream 

detention.  In the ultimate buildout this flow will be piped west to the existing natural channel along 

the westside of Waterbury and to Offsite Basin OS-5. Until the future filings are built this flow will 

follow its natural channel south to the existing channel located along the eastern boundary of Filings 

1 & 2. This will be discussed again in the Final Drainage Report section below. 
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Design Point 10A is another crossing under Eastonville Road where existing 3-42” RCP culverts 

route the flow (Q5 = 28 cfs, Q100 = 135 cfs) from the temporary Meridian Ranch pond per the  

Meridian Ranch MDDP.   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 11 is a proposed crossing under the proposed continuation of Gilbert Drive with dual 

42” RCP culverts. Basin I’s 5.66 acres consists of rear lots and the natural channel. Runoff (Q5 = 5 

cfs, Q100 = 19 cfs) sheet flows to the channel and is directed south Design Points 11.  As mentioned 

above Kiowas Engineering did a HEC-RAS analysis modeling developed flows along the channel. 

There have been no design or layout changes to affect this model therefore this report will reference 

the original output data computed by this model. The combined flow of Design Points 10 & 10A 

along with Basins OS-5 and I is Q5 = 53 cfs, Q100 = 212 cfs. This flow is routed south under Gilbert 

drive and onto Basin J. Basin I’s runoff is treated downstream in a proposed EDB at Design Point 13  

 

 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 int 4-Way Ranch Filing 1 to the existing natural channel. 

 

Basin J’s 1.99 acres is comprised of rear lots and the existing channel along the west boundary. Runoff 

(Q5 = 4 cfs, Q100 = 8 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.  

 

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.  

 

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

original work done by Classic Consulting. Below is a brief description of the 3 Stormwater Quality 

Ponds. The original approved calculations and results can be found in the appendix of the original 

report along with the Basin Exhibit Map. 

 

Stormwater Quality Pond 1 treats 56.8 acres of 4-Way Ranch Filing No. 1 from their Basins H, I, J, 

S, R & 60% of L. An EDB was designed between the existing Lots 15 and 35 using a 4’ x 4’ outlet 

set at 6924.00 with an orifice plate with 1 column of 10-15/16” diameter holes spaced 4” apart. The 

forebay top is set at 6920.5 with the bottom at 6918.00. The required volume was calculated to be 

0.52 ac-ft and the design volume shown is 0.66 ac-ft. The release out of the pond was calculated to 

be Q5 = 13 cfs, Q100 = 131 cfs.  

 

Stormwater Quality Pond 2 treats 37.2 acres of 4-Way Ranch Filing No. 1 from their Basins F, G, K, 

& M. An EDB was designed along the south edge of existing Lot 15 using a 4’ x 4’ outlet set at 

6918.00 with an orifice plate with 1 column of 9-13/16” 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 0.34 ac-ft 

and the design volume shown is 0.60 ac-ft. The release out of the pond was calculated to be Q5 = 0.4 

cfs, Q100 = 51 cfs.  

 

Design Point 13 is Stormwater Quality Pond 3, an existing stock pond south of Stapleton Drive that 

will be converted to a 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.  

 

Basin M1’s 2.90 acres is comprised of the rear yards & open space tract along Stapleton Drive along 

EPC Stormwater - Glenn Reese
SW - Comment
These do not match what is shown on the drainage map on Page 301. Basins trib to Pond 1 appear to be A, B1, B2, part of C, D, E, F, H, K
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Basins H, I, J, 
S, R & 60% of L

EPC Stormwater - Glenn Reese
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 Basins F, G, K, 
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EPC Stormwater - Glenn Reese
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These do not match what is shown on the drainage map on Page 301. Revise. 
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 Stormwater Quality Pond 3

EPC Stormwater - Glenn Reese
SW - Comment
There is a Pond 3 at Design Point 29. Revise report text and drainage map to remove pond naming discrepancies. Should it be called Off-Site SWQ Facility Pond 3?

EPC Stormwater - Glenn Reese
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These do not match what is shown on the drainage map on Page 301. Revise. Basin D and E are actually trib to Pond 1 for example. 
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Os-6, D, E, N 40% of L, 50% of O, Q & basins I, J & N of Waterbury Filing No. 1.
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with a portion of Saybrook Drive. Runoff (Q5 = 5 cfs, Q100 = 12 cfs) sheet flows over the back yard 

and open space tract onto Stapleton Drive the channel and then is routed south overland. As mentioned 

in the “Final Drainage Report for Waterbury Filing No. 2” the area consists or pervious rear yards 

that sheet flow over pervious area. El Paso County reviewers commented to provide a variance for 

this area not treated for Water Quality.   

 

Basin M2’s 0.47 acres is comprised of the rear yards adjacent to undeveloped land east of the site.  

Runoff (Q5 = 1 cfs, Q100 = 2 cfs) sheet flows from the back yard onto the undeveloped. This area is 

not treated for water quality but is pervious area.  

 

Design Point 14 is a low point in the knuckle of Beech Creek Drive with a proposed public 10’ D10-

R sump inlet. Runoff (Q5 = 8 cfs, Q100 = 18 cfs) from Basin L1’s 5.27 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 4’ D10-R sump inlet opposite of DP 14 in Beech Creek Drive 

Runoff (Q5 = 8 cfs, Q100 = 18 cfs) from Basin L1’s 5.27 acres consisting of roadway and single-family 

lots is directed via side lot line swales and C&G to the proposed inlet. The 4’ 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 = 11 cfs, Q100 = 24 cfs) of 

Pipe Runs 11 & 12 north in Beech Creek Drive to a manhole junction with Pipe run 14. 

 

Design Point 16 is a proposed public 6’ D10-R sump inlet located in the proposed western half of the 

private street of Beech Creek Drive. Runoff (Q5 = 5 cfs, Q100 = 11 cfs) from Basin O1’s 1.27 acres 

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

proposed inlet. The 6’ 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 = 15 cfs, Q100 = 34 cfs) of Pipe Runs 13 & 14 west to a manhole junction with 

Pipe run 16. 

 

EPC Stormwater - Glenn Reese
SW - Highlight
El Paso County reviewers commented to provide a variance for 
this area not treated for Water Quality

EPC Stormwater - Glenn Reese
SW - Comment
Where can I find this? 

EPC Stormwater - Glenn Reese
SW - Highlight
Basin M2’s 0.47 acre

EPC Stormwater - Glenn Reese
SW - Comment
See comment on Page 19
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Design Point 17 is a proposed public 4’ D10-R sump inlet located opposite of DP 14 in Beech Creek 

Drive. Runoff (Q5 = 1 cfs, Q100 = 3 cfs) from Basin O2’s 0.94 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 being captured by the inlet Pipe run 16. Pipe run 17 routes the combined flows (Q5 = 17 

cfs, Q100 = 37 cfs) of Pipe runs 15 and 16 are routed west offsite via a private 36” diameter RCP to 

Design Point 18 a proposed private temporary EDB. This is the FSD Pond 2. 

 

Design Point 18 is a proposed temporary private Full Spectrum Detention Basin called Pond 2. 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 are L1, L2, O1, O2 and OS-4 with a total area of 21.93 acres. The 100-year effective impervious 

area of 24.5% was calculated using UD-BMP Version 3.07 IRF spreadsheet. This information was 

entered into the UD-Detention_v4.03 spreadsheet and the calculation yielded a required a WQCV of 

0.243 ac-ft, a EURV of 0.264 ac-ft and a 100-year detention volume of 0.516 ac-ft. This gave a total 

required volume of 1.023 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’ outlet box with the grate set at 6902.06, an outlet plate on the front to meet the 3-orifice requirement 

and an 18” outlet pipe with a restrictor plate set 12.0” above the invert will route all runoff from the 

pond. The metal plate will have 1 column containing 3 rows of 1-5/16” diameter orifice holes spaced 

12.2” apart starting at 6899.00. The WQCV release is 0.10 cfs with a ponding elevation of 6901.22 

and takes 40 hours to release. The EURV release is 0.2 cfs, with an elevation of 6902.06 and takes 58 

hours to release. The 100-year detention release is 10.6 cfs, with an elevation of 6902.66 and takes 

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

developed peak in flow (Q100= 20.7 cfs) with a depth of 0.47’ (top of water = 6904.47) 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= VH 24” riprap. 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 

EPC Stormwater - Glenn Reese
SW - Comment
Discuss nature of this pond being temporary. Is there an estimated lifespan for it? 
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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. 

 

For Design Points 19-25 this MDDP assumes the offsite basins upstream are fully developed with 

future Waterbury Filings. 

 

Design Point 19 is a proposed 8’ D10-R sump inlet located in the south curb of Muddy Pond Street. 

Runoff (Q5 = 6 cfs, Q100 = 12 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 = 2 cfs, Q100 

= 4 cfs) from Basin Q1’s 1.04 acres is directed to the 8’ inlet. The combined flow (Q5 = 7 cfs, Q100 = 

15 cfs) is 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 4’ D10-R sump inlet located opposite of DP 19. Runoff (Q5 = 2 cfs, 

Q100 = 4 cfs) from Basin OS-Q2’s 0.94 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 = 5 cfs) from Basin 

Q2’s 1.10 acres is directed to the 4’ inlet. The combined flow (Q5 = 3 cfs, Q100 = 8 cfs) is 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 = 21 cfs) of Pipe 

runs 19 & 20 east down Muddy Pond Street east down Muddy Pond Street to a manhole junction with 

Pipe run 21. 

 

Design Point 21 is a proposed 12’ D10-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 = 0 cfs, Q100 = 1 cfs) from Basin R’s 0.13 acres is directed to the 

12’ inlet. The combined flow (Q5 = 11 cfs, Q100 = 24 cfs) is routed to the inlet and Q5 = 5 cfs, Q100 = 

9 cfs is captured. 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 = 14 cfs, Q100 = 27 cfs) of Pipe 

runs 20 & 21 east down Muddy Pond Street to a manhole junction with Pipe run 25. The bypass flow 
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(Q5 = 5 cfs, Q100 = 16 cfs) at DP 21 travels in the north flow line of Muddy Pond Street to Design 

Point 22. 

 

Design Point 22 is a proposed 10’ D10-R sump inlet located in the west curb of Megansett Wat. 

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 4’ inlet. The combined flow (Q5 = 15 cfs, Q100 

= 37 cfs) of Basins OS-S1, S1 & the bypass flow from DP 21 is routed to the low point.  

 

Design Point 23 is a proposed 10’ D10-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 = 38 cfs) at DP 22 & 23 is evenly split between 

the 2-10’ D10-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 30” RCP routes the combined flow (Q5 = 16 cfs, Q100 = 38 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 = 27 cfs, Q100 = 59 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 4’ D10-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 4’ inlet. Pipe run 27 an 18” RCP diameter storm 

routes the flow from the inlet to a manhole junction with Pipe runs 26 & 28. 

 

Design Point 25 is a proposed 4’ D10-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 = 0 cfs, Q100 = 1 cfs) from Basin T2’s 

1.23 acres is directed to the 4’ inlet. The combined flow at DP 25 is Q5 = 3 cfs, Q100 = 7 cfs. Pipe run 
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28 an 18” RCP diameter storm routes the flow from the inlet to a manhole junction with Pipe runs 27 

& 28. Pipe run 29 a 36” RCP then routes the combined flow (Q5 = 32 cfs, Q100 = 69 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’ D10-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 flow from the inlet to a manhole junction with Pipe run 29. Pipe 

run 31 transports the combined flow (Q5 = 37 cfs, Q100 = 81 cfs) of Pipe runs 29 & 30. 

 

Design Point 27 is a proposed 6’ D10-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 6’ inlet. Pipe run 32 an 18” RCP diameter storm routes the flow 

from the inlet to a manhole junction with Pipe runs 31. Pipe run 33 a 36” RCP then routes the 

combined flow (Q5 = 40 cfs, Q100 = 87 cfs) of Pipe runs 31 & 32 east through a Drainage Tract to 

FSD Pond 3. 

 

Design Point 28 is a proposed 10’ D10-R sump inlet located in the future north curb of Sunken 

Meadow Road. This inlet is 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 temporary 

asphalt to direct runoff to the 10’ inlet. Runoff (Q5 = 8 cfs, Q100 = 18 cfs) from Basin W’s 5.20 acres 

is captured in the inlet and routed to Pond 3 via Pipe run 24” RCP. 

 

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

Basin OS-2: 15.90 acres Runoff (Q5 = 22 cfs, Q100 = 49 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)  

 

As mentioned above Design Point 9 is an existing 36” RCP culvert under Eastonville Road where 

Offsite Basin OS-9 discharges onto Offsite Basin OS-2. Runoff (Q5 = 8 cfs, Q100 = 19 cfs) from Basin 

OS-9’s 11.80 acres consists of historic flow based upon upstream detention. Runoff will be directed 

through the future Waterbury filings and into FSD Pond 3. 

 

Design Point 29 is a proposed private Full Spectrum Detention Basin called Pond 3. Design Points 

19-28 and Offsite Basins OS-1, 2, 3A, 3B, 7, & 9 with a total area of 84.64 acres are routed to the 

pond and treated for Water Quality and Detention. The 100-year effective impervious area of 36.4% 

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

UD-Detention_v4.03 spreadsheet and the calculation yielded a required a WQCV of 1.200 ac-ft, a 

EURV of 2.000 ac-ft and a 100-year detention volume of 2.478 ac-ft. This gave a total required 

volume of 5.678 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 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 6922.33. The 

bottom of the micro-pool is set at 6899.50 and the top set at 6922.00. A proposed 6’ x 6’ outlet box 

with the grate set at 6926.59, an outlet plate on the front to meet the 3-orifice requirement and a 36” 

outlet pipe with a restrictor plate set 28.0” above the invert will route all runoff from the pond. The 

metal plate will have 1 column containing 3 rows of 2” x 3” orifice holes spaced 18.3” apart starting 

at 6922.00. The WQCV release is 0.60 cfs with a ponding elevation of 6924.99 and takes 40 hours to 

release. The EURV release is 1.0 cfs, with an elevation of 6926.59 and takes 67 hours to release. The 

100-year detention release is 60.7 cfs, with an elevation of 6927.75 and takes 67 hours to release. A 

60’ long riprap emergency spillway set at 6928.00 will allow the 100-year developed peak in flow 

(Q100= 155.2 cfs) with a depth of 0.88’ (top of water = 6928.88) to be routed west into the natural 

channel. 1.12’ freeboard is provided (see appendix). The spillway and downhill slope will be armored 

with d50= VH 24” riprap. Pipe Run 35 a private 36” RCP will route the pond release into the existing 

EPC Stormwater - Glenn Reese
SW - Highlight
 Offsite Basins OS-1, 2, 3A, 3B, 7, & 9

EPC Stormwater - Glenn Reese
SW - Comment
These do not match what is shown on the drainage map on Page 301. Revise. 
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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. Basin V’s 1.32 acres is comprised of the 

rear yards adjacent to the existing natural channel along the west side of the site.  Runoff (Q5 = 1 cfs, 

Q100 = 2 cfs) sheet flows from the back yard onto the undeveloped. This area is not treated for water 

quality but is pervious area that does not need water quality. The combined flow (Q5 = 3 cfs, Q100 = 

10 cfs) at DP 30 does not warrant the triple 36” RCP culverts alone but in case of failure in the “Pond 

3 outlet runoff from the emergency spillway will be safely routed through the triple 36” RCP culverts 

(See appendix). 

 

HYDRAULIC ANALYSIS 

MAJOR DRAINAGEWAYS 
As mentioned above here 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 (see appendix for HEC-RAS model). 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 waters 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. 

 

 

 

EPC Stormwater - Glenn Reese
SW - Highlight
 This area is not treated for water 
quality but is pervious area that does not need water quality.

EPC Stormwater - Glenn Reese
SW - Highlight
Basin V’s 1.32 acres

EPC Stormwater - Glenn Reese
SW - Comment
Note that page 29 of the MS4 permit states:

100% of the applicable development site is captured, except the permittee may exclude up to 20 percent, not to exceed 1 acre, of the applicable development site area when the permittee has determined that it is not practicable to capture runoff from portions of the site that will not drain towards control measures. In addition, the permittee must also determine that the implementation of a separate control measure for that portion of the site is not practicable (e.g., driveway access that drains directly to street).

The area of Basin V plus Basin M2 exceeds 1ac. So consider utilizing Runoff Reduction for these areas until the untreated area is below 1ac. 

dsdrice
Callout
Address channel conditions, flow velocity, shear stresses and any necessary stabilization.
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HYDROLOGIC ANALYSIS FOR FILING 1 & 2 FDR  

PROPSOED BASIN DESCRIPTION (FOR FDR) 
The development of the overall Waterbury site will occur in several platting phases. With the design 

of Waterbury Filings 1 & 2 the site will have an interim condition where the area to the north will be 

unplatted natural open space with drainage patterns differing from the future full build out analysis 

in the MDDP section until such time that it is developed. Below is a description of the Design Points 

and the overall proposed drainage characteristics for the development of only Waterbury Filing 1 & 

2.  Design Points 1-18 do not have any changes to them from the description above in the MDDP 

section therefore these basins will not be described below. The following is a description of the Design 

Points 19-30 altered by the interim state of undeveloped land upstream. In all cases the design flow 

is less than the ultimate build-out and therefore the inlets and pipes can capture and route the flow 

safely  

 

Design Point 19 is a proposed 8’ D10-R sump inlet located in the south curb of Muddy Pond Street. 

Runoff (Q5 = 0 cfs, Q100 = 1 cfs) from Basin OS-Q1’s 0.33 acres consists of undeveloped land and 

will sheet flow onto Basin Q1. Runoff (Q5 = 2 cfs, Q100 = 4 cfs) from Basin Q1’s 1.04 acres is directed 

to the 8’ inlet. The combined flow (Q5 = 2 cfs, Q100 = 5 cfs) is 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 4’ D10-R sump inlet located opposite of DP 19. Runoff (Q5 = 0 cfs, 

Q100 = 1 cfs) from Basin OS-Q2’s 0.22 acres consists of undeveloped land and will sheet flow onto 

Basin Q2. Runoff (Q5 = 2 cfs, Q100 = 5 cfs) from Basin Q2’s 1.10 acres is directed to the 4’ inlet. The 

combined flow (Q5 = 2 cfs, Q100 = 5 cfs) is 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 = 4 cfs, Q100 = 9 cfs) of Pipe runs 19 & 20 east down Muddy Pond Street east 

down Muddy Pond Street to a manhole junction with Pipe run 21. 

 

Design Point 21 is a proposed 12’ D10-R at-grade inlet located in the north curb of Muddy Pond 

Street just east of Masonboro Way intersection. Offsite Basin OS-8’ runoff of Q5 = 5 cfs, Q100 = 11 

cfs is discharged onto the undeveloped Basin OS-R. Runoff (Q5 = 3 cfs, Q100 = 21 cfs) from Basin 

OS-R’s 10.11 acres consists of undeveloped land and will sheet flow onto Basin R. Runoff (Q5 = 0 

dsdrice
Highlight

dsdrice
Text Box
See comment letter.
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cfs, Q100 = 1 cfs) from Basin R’s 0.13 acres is directed to the 12’ inlet. The combined flow (Q5 = 9 

cfs, Q100 = 35 cfs) is routed to the inlet and Q5 = 5 cfs, Q100 = 11 cfs is captured. 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 = 9 cfs, Q100 = 20 cfs) of Pipe runs 20 & 21 east down Muddy Pond 

Street to a manhole junction with Pipe run 25. The bypass flow (Q5 = 4 cfs, Q100 = 24 cfs) at DP 21 

travels in the north flow line of Muddy Pond Street to Design Point 22. 

 

Design Point 22 is a proposed 10’ D10-R sump inlet located in the west curb of Megansett Way. 

Runoff (Q5 = 0 cfs, Q100 = 0 cfs) from Basin OS-S1’s 0.14 acres consists of undeveloped land and 

will sheet flow onto Basin S1. Runoff (Q5 = 3 cfs, Q100 = 7 cfs) from Basin S1’s 1.55 acres is directed 

to the 4’ inlet. The combined flow (Q5 = 5 cfs, Q100 = 23 cfs) of Basins OS-S1, S1 & the bypass flow 

from DP 21 is routed to the low point.  

 

Design Point 23 is a proposed 10’ D10-R sump inlet located opposite of DP 22. Runoff (Q5 = 1 cfs, 

Q100 = 4 cfs) from Basin OS-S2’s 1.92 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 = 5 cfs. It is 

presumed that the combined flow (Q5 = 6 cfs, Q100 = 27 cfs) at DP 22 & 23 is evenly split between 

the 2-10’ D10-R sump inlets.  Pipe run 23 a 24” RCP diameter storm routes the flow (Q5 = 3 cfs, Q100 

= 13 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 = 3 cfs, Q100 = 13 cfs) to the manhole junction with Pipe run 23. Pipe Run 

25 a 30” RCP routes the combined flow (Q5 = 6 cfs, Q100 = 27 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 = 13 cfs, Q100 = 43 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 4’ D10-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 4’ inlet. Pipe run 27 an 18” RCP diameter storm 

routes the flow from the inlet to a manhole junction with Pipe runs 26 & 28. 
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Design Point 25 is a proposed 4’ D10-R sump inlet located opposite of DP 24. Runoff (Q5 = 0 cfs, 

Q100 = 2 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 4’ inlet. The combined flow at DP 25 is Q5 = 2 cfs, Q100 = 6 cfs. Pipe run 

28 an 18” RCP diameter storm routes the flow from the inlet to a manhole junction with Pipe runs 27 

& 28. Pipe run 29 a 36” RCP then routes the combined flow (Q5 = 17 cfs, Q100 = 52 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’ D10-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 flow from the inlet to a manhole junction with Pipe run 29. Pipe 

run 31 transports the combined flow (Q5 = 22 cfs, Q100 = 64 cfs) of Pipe runs 29 & 30. 

 

Design Point 27 is a proposed 6’ D10-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 6’ inlet. Pipe run 32 an 18” RCP diameter storm routes the flow 

from the inlet to a manhole junction with Pipe runs 31. Pipe run 33 a 36” RCP then routes the 

combined flow (Q5 = 25 cfs, Q100 = 70 cfs) of Pipe runs 31 & 32 east through a Drainage Tract to 

FSD Pond 3. 

 

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

9 discharges onto Offsite Basin OS-1. Runoff (Q5 = 3 cfs, Q100 = 18 cfs) from Basin OS-9’s 11.80 

acres consists of historic flow based upon upstream detention. Offsite Basin OS-1’s 41.36 acres 

consists of undeveloped land and open space containing the natural channel. Runoff (Q5 = 11 cfs, 

Q100 = 74 cfs) is directed south through the wetlands to the culverts. Basin V’s 1.32 acres is comprised 

of the rear yards adjacent to the existing natural channel along the west side of the site.  Runoff (Q5 

= 1 cfs, Q100 = 2 cfs) sheet flows from the back yard onto the undeveloped. This area is not treated 

for water quality but is pervious area that does not need water quality. The combined flow (Q5 = 21 

cfs, Q100 = 96 cfs) at DP 30 will be safely routed through the triple 36” RCP culverts (See appendix). 
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The above Design point and Basin description shows that in the interim condition all runoff can be 

safely routed through the proposed storms drain system. 

 

In an effort 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 6 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. 

 

DRAINAGE FEES 

This site Haegler Drainage Fee Basin.  El Paso County uses a method based upon impervious acreage.  

 

The Waterbury Filing No. 1 has a total acreage of: 

  29.44 ac / 108 = 0.27 ac / lot 

  (Per El Paso County% impervious Chart 40%) 

  29.44 x 40% = 11.78 Impervious acres 

The following calculations are based upon the 2020 Drainage & Bridge fees: 

 Drainage Fees: $10,737 x 11.78 = $126,482 

 Bridge Fees: $1,585 x 11.78 = $18,671 

 

Fee Reduction (Assumed 50% construction costs for Detention Facilities) 

dsdrice
 Haegler 

dsdrice
Callout
revise

dsdrice
Cloud+
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FSD Detention Pond 1  $68,676 x 50% = $34,338 

FSD Detention Pond 2 $35,712 x 50% = $17,856 

 

Total Deduction = $34,338 + $17,856 = $52,194 (Actual costs may vary this will be finalized prior 

to approval) 

 

Filing 1 Drainage Fee Total: $126,482 - $52,194 = $74,288 

Filing 1 Bridge Fee Total: $18,671 

 

The Waterbury Filing No. 2 has a total acreage of: 

  32.48 ac / 93 = 0.35 ac / lot 

  (Per El Paso County% impervious Chart 30%) 

  32.48 x 40% = 9.74 Impervious acres 

The following calculations are based upon the 2020 Drainage & Bridge fees: 

 Drainage Fees: $10,737 x 9.74 = $104,578 

 Bridge Fees: $1,585 x 9.74 = $15,438 

 

Fee Reduction (Assumed 50% construction costs for Detention Facilities) 

FSD Detention Pond 3  $85,845 x 50% = $42,923 

Total Deduction = $34,338 (Actual costs may vary this will be finalized prior to approval) 

 

Filing 2 Drainage Fee Total: $104,578 - $42,923 = $61,655 

Filing 2 Bridge Fee Total: $15,438 
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SUMMARY 

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

Filing No. 1 & 2 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/1717.00/drainage/1715.00 MMDP-FDR 1-2 
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HYDRAULIC CALCULATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INLET CALCULATIONS 

dsdrice
Text Box
(Not checked with this review)



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 1

Total Flow: Q5 = 5 cfs

Q100 = 12 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 4 foot  inlet required

100-Year Event: 6 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 2

Total Flow: Q5 = 2 cfs

Q100 = 4 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 4 foot  inlet required

100-Year Event: 4 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 3

Total Flow: Q5 = 4 cfs

Q100 = 8 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 4 foot  inlet required

100-Year Event: 4 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 4

Total Flow: Q5 = 4 cfs

Q100 = 9 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 4 foot  inlet required

100-Year Event: 4 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 5

Total Flow: Q5 = 6 cfs

Q100 = 14 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 4 foot  inlet required

100-Year Event: 6 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 6

Total Flow: Q5 = 4 cfs

Q100 = 8 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 4 foot  inlet required

100-Year Event: 4 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 7

Total Flow: Q5 = 4 cfs

Q100 = 8 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 4 foot  inlet required

100-Year Event: 4 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 14

Total Flow: Q5 = 8 cfs

Q100 = 18 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 6 foot  inlet required

100-Year Event: 10 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 15

Total Flow: Q5 = 3 cfs

Q100 = 7 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 4 foot  inlet required

100-Year Event: 4 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 16

Total Flow: Q5 = 5 cfs

Q100 = 11 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 4 foot  inlet required

100-Year Event: 4 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 17

Total Flow: Q5 = 1 cfs

Q100 = 3 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 4 foot  inlet required

100-Year Event: 4 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 19

Total Flow: Q5 = 7 cfs

Q100 = 15 cfs

 

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 6 foot  inlet required

100-Year Event: 8 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 20

Total Flow: Q5 = 3 cfs

Q100 = 8 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 4 foot  inlet required

100-Year Event: 4 foot  inlet required

 

 



  5-YR FLOW

Q(5) 11 I(5) 3.9

DEPTH 0.37 Fr 1.78 Inlet size ?   L(i) = 12

SPREAD 17.6 L(1) 24.1 If Li < L(2) then Qi = 5

CROSS SLOPE 2.0% L(2) 14.5 If Li > L(2) then Qi = 6

STREET SLOPE 1.8% L(3) 51.7 FB = 5

CA(eqv.)= 1.40

  100-YR FLOW

Q(100) 24 I(100) 6.7

DEPTH 0.49 Fr 1.88 Inlet size ?   L(i) = 12

SPREAD 23.1 L(1) 33.4 If Li < L(2) then Qi = 9

CROSS SLOPE 2.0% L(2) 20.1 If Li > L(2) then Qi = 12

STREET SLOPE 1.8% L(3) 71.6 FB = 16

CA(eqv.)= 2.34

DESIGN POINT 21



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 22 & 23 SPLIT

Total Flow: Q5 = 8 cfs

Q100 = 19 cfs

(Assume even split of flows at lowpoint for prelim. inlet sizing)

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 6 foot  inlet required

100-Year Event: 10 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 22 & 23 SPLIT

Total Flow: Q5 = 8 cfs

Q100 = 19 cfs

(Assume even split of flows at lowpoint inlet sizing)

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 6 foot  inlet required

100-Year Event: 10 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 24

Total Flow: Q5 = 3 cfs

Q100 = 6 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 4 foot  inlet required

100-Year Event: 4 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 25

Total Flow: Q5 = 3 cfs

Q100 = 7 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 4 foot  inlet required

100-Year Event: 4 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 26

Total Flow: Q5 = 7 cfs

Q100 = 16 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 6 foot  inlet required

100-Year Event: 8 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 27

Total Flow: Q5 = 3 cfs

Q100 = 7 cfs

(Assume even split of flows at lowpoint for prelim. inlet sizing)

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 4 foot  inlet required

100-Year Event: 4 foot  inlet required

 

 



JOB NAME: WATERBURY MDDP

JOB NUMBER: 1715.00

DATE: 12/17/20

CALCULATED BY: QNA

DESIGN POINT 28

Total Flow: Q5 = 8 cfs

Q100 = 18 cfs

Max. allowable ponding depth:
(Residential street, ramp curb)

D5 = 0.50 ft.

D100 = 0.75 ft.

Std. Type R curb inlet detail:

Qi  =  1.7(Li+1.8(W))(dmax + a)^1.85

W  =  2  ft.

a  =  3   in.

Clogging Factor   =    1.25
Li (1.25) = Length of  inlet opening

Curb inlet sizing:

5-Year Event: 6 foot  inlet required

100-Year Event: 10 foot  inlet required

 

 



Project: 

Basin ID:

Status: 

47187.82

X

Design Information (Input):
Circular Culvert: Barrel Diameter in Inches D = 36 inches

Inlet Edge Type (choose from pull-down list) Grooved End Projection  

OR:

Box Culvert: Barrel Height (Rise) in Feet Height (Rise) = ft.

Barrel Width (Span) in Feet Width (Span) = ft.

Inlet Edge Type (choose from pull-down list) Square Edge w/ 90-15 Deg. Headwall  

Number of Barrels No = 3

Inlet Elevation at Culvert Invert Inlet Elev = 6920 ft. elev.  
Outlet Elevation at Culvert Invert OR Slope of Culvert (ft v./ft h.) Outlet Elev = 6919 ft. elev.

Culvert Length in Feet L = 130 ft.

Manning's Roughness n = 0.013
Bend Loss Coefficient Kb  = 0

Exit Loss Coefficient Kx  = 1

Design Information (calculated):
Entrance Loss Coefficient Ke = 0.20  

Friction Loss Coefficient Kf = 0.93  

Sum of All Loss Coefficients Ks = 2.13

Orifice Inlet Condition Coefficient Cd = 0.95  

Minimum Energy Condition Coefficient KElow = -0.0132  

Calculations of Culvert Capacity (output):
Water Surface Tailwater Culvert Culvert Controlling Inlet Flow

Elevation Surface Inlet-Control Outlet-Control Culvert Equation Control

Elevation Flowrate Flowrate Flowrate Used: Used

ft cfs cfs cfs
(ft., linked) (output)

6920.00 0.00 0.00 0.00 No Flow (WS < inlet) N/A

6920.25 0.90 65.46 0.90 Min. Energy. Eqn. INLET

6920.50 3.60 66.25 3.60 Min. Energy. Eqn. INLET

6920.75 9.90 67.92 9.90 Min. Energy. Eqn. INLET

6921.00 16.80 70.46 16.80 Min. Energy. Eqn. INLET

6921.25 25.80 74.06 25.80 Min. Energy. Eqn. INLET

6921.50 36.00 78.71 36.00 Min. Energy. Eqn. INLET

6921.75 46.50 84.33 46.50 Regression Eqn. INLET

6922.00 58.50 90.82 58.50 Regression Eqn. INLET

6922.25 71.70 97.66 71.70 Regression Eqn. INLET

6922.50 86.10 104.77 86.10 Regression Eqn. INLET

6922.75 101.10 111.79 101.10 Regression Eqn. INLET

6923.00 115.80 118.55 115.80 Regression Eqn. INLET

6923.25 129.90 131.45 129.90 Regression Eqn. INLET

6923.50 142.80 143.38 142.80 Regression Eqn. INLET

6923.75 155.10 154.08 154.08 Regression Eqn. OUTLET

6924.00 166.20 164.79 164.79 Regression Eqn. OUTLET

6924.25 176.70 174.79 174.79 Regression Eqn. OUTLET

6924.50 186.60 184.18 184.18 Regression Eqn. OUTLET

6924.75 195.90 193.22 193.22 Regression Eqn. OUTLET

6925.00 204.90 201.82 201.82 Regression Eqn. OUTLET

6925.25 213.30 209.98 209.98 Regression Eqn. OUTLET

6925.50 221.40 217.97 217.97 Regression Eqn. OUTLET

6925.75 229.20 225.60 225.60 Regression Eqn. OUTLET

6926.00 236.70 232.97 232.97 Regression Eqn. OUTLET

6926.25 243.90 240.17 240.17 Regression Eqn. OUTLET

6926.50 250.80 247.10 247.10 Regression Eqn. OUTLET

6926.75 257.70 253.85 253.85 Regression Eqn. OUTLET

6927.00 264.30 260.52 260.52 Regression Eqn. OUTLET

6927.25 270.90 266.93 266.93 Regression Eqn. OUTLET

Processing Time: 00.91 Seconds

CULVERT STAGE-DISCHARGE SIZING (INLET vs. OUTLET CONTROL WITH TAILWATER EFFECTS)

WATERBURY FILING 1
Design Point 30- Triple 36" RCP Culverts

Culvert Calcs DP 30, Culvert Rating 12/17/2020, 1:56 PM
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Text Box
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PIPE CALCULATIONS 

dsdrice
Text Box
These sheets are fine for normal depth calculations, but system HGL calculations are needed as well.



11/20/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 1  

18" RCP @ 1.00%

Inputs
Pipe diameter, d 18  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S 1  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 43  %

Results
Flow, Q 4.0349 cfs
Velocity, v 5.5533 ft/sec
Velocity head, h 0.4793 ft H2O
Flow area 0.7266 ft^2
Wetted perimeter 2.1455 ft
Hydraulic radius 0.3387 ft
Top width, T 1.4852 ft
Froude number, F 1.40
Shear stress (tractive force), tau 0.2114 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/20/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 2  

24" RCP @ 0.60%

Inputs
Pipe diameter, d 24  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S .6  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 71.3  %

Results
Flow, Q 15.0220 cfs
Velocity, v 6.2691 ft/sec
Velocity head, h 0.6108 ft H2O
Flow area 2.3963 ft^2
Wetted perimeter 4.0217 ft
Hydraulic radius 0.5958 ft
Top width, T 1.8094 ft
Froude number, F 0.96
Shear stress (tractive force), tau 0.2232 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/20/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 3  

18" RCP @ 2.00%

Inputs
Pipe diameter, d 18  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S 2  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 52.3  %

Results
Flow, Q 8.0101 cfs
Velocity, v 8.5644 ft/sec
Velocity head, h 1.1400 ft H2O
Flow area 0.9353 ft^2
Wetted perimeter 2.4252 ft
Hydraulic radius 0.3857 ft
Top width, T 1.4984 ft
Froude number, F 1.91
Shear stress (tractive force), tau 0.4815 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/20/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 4  

18" RCP @ 2.00%

Inputs
Pipe diameter, d 18  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S 2  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 56.2  %

Results
Flow, Q 9.0077 cfs
Velocity, v 8.8079 ft/sec
Velocity head, h 1.2057 ft H2O
Flow area 1.0227 ft^2
Wetted perimeter 2.5426 ft
Hydraulic radius 0.4022 ft
Top width, T 1.4884 ft
Froude number, F 1.87
Shear stress (tractive force), tau 0.5022 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/20/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 5  

24" RCP @ 1.5%

Inputs
Pipe diameter, d 24  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S 1.5  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 56.7  %

Results
Flow, Q 17.0392 cfs
Velocity, v 9.2708 ft/sec
Velocity head, h 1.3358 ft H2O
Flow area 1.8380 ft^2
Wetted perimeter 3.4104 ft
Hydraulic radius 0.5389 ft
Top width, T 1.9819 ft
Froude number, F 1.70
Shear stress (tractive force), tau 0.5047 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/20/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 6  

30" RCP @ 0.7%

Inputs
Pipe diameter, d 30  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S 1.5  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 58  %

Results
Flow, Q 32.0201 cfs
Velocity, v 10.8464 ft/sec
Velocity head, h 1.8284 ft H2O
Flow area 2.9523 ft^2
Wetted perimeter 4.3287 ft
Hydraulic radius 0.6820 ft
Top width, T 2.4678 ft
Froude number, F 1.75
Shear stress (tractive force), tau 0.6387 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/20/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 7  

36" RCP @ 0.74%

Inputs
Pipe diameter, d 36  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S .74  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 65.7  %

Results
Flow, Q 44.0607 cfs
Velocity, v 8.9490 ft/sec
Velocity head, h 1.2446 ft H2O
Flow area 4.9238 ft^2
Wetted perimeter 5.6705 ft
Hydraulic radius 0.8683 ft
Top width, T 2.8482 ft
Froude number, F 1.20
Shear stress (tractive force), tau 0.4011 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/21/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 8  

18" RCP @ 1.00%

Inputs
Pipe diameter, d 18  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 1  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 65.4  %

Results
Flow, Q 8.0145 cfs
Velocity, v 6.5452 ft/sec
Velocity head, h 0.6658 ft H2O
Flow area 1.2245 ft^2
Wetted perimeter 2.8258 ft
Hydraulic radius 0.4333 ft
Top width, T 1.4271 ft
Froude number, F 1.25
Shear stress (tractive force), tau 0.2705 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/21/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 9  

18" RCP @ 1.00%

Inputs
Pipe diameter, d 18  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 1  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 65.4  %

Results
Flow, Q 8.0145 cfs
Velocity, v 6.5452 ft/sec
Velocity head, h 0.6658 ft H2O
Flow area 1.2245 ft^2
Wetted perimeter 2.8258 ft
Hydraulic radius 0.4333 ft
Top width, T 1.4271 ft
Froude number, F 1.25
Shear stress (tractive force), tau 0.2705 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/21/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 10  

18" RCP @ 3.00%

Inputs
Pipe diameter, d 18  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 3  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 69.3  %

Results
Flow, Q 15.0311 cfs
Velocity, v 11.5027 ft/sec
Velocity head, h 2.0564 ft H2O
Flow area 1.3068 ft^2
Wetted perimeter 2.9506 ft
Hydraulic radius 0.4429 ft
Top width, T 1.3837 ft
Froude number, F 2.09
Shear stress (tractive force), tau 0.8295 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


12/15/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 10A  

18' RCP @ 1%

Inputs
Pipe diameter, d 18  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 1  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 61.4  %

Results
Flow, Q 7.3079 cfs
Velocity, v 6.4228 ft/sec
Velocity head, h 0.6411 ft H2O
Flow area 1.1378 ft^2
Wetted perimeter 2.7012 ft
Hydraulic radius 0.4212 ft
Top width, T 1.4605 ft
Froude number, F 1.28
Shear stress (tractive force), tau 0.2630 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/20/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 11  

24" RCP @ 1.00%

Inputs
Pipe diameter, d 24  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S 1  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 59.5  %

Results
Flow, Q 15.0032 cfs
Velocity, v 7.7001 ft/sec
Velocity head, h 0.9215 ft H2O
Flow area 1.9485 ft^2
Wetted perimeter 3.5239 ft
Hydraulic radius 0.5529 ft
Top width, T 1.9635 ft
Froude number, F 1.36
Shear stress (tractive force), tau 0.3452 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/20/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 12  

18" RCP @ 1.00%

Inputs
Pipe diameter, d 18  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S 1  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 59.7  %

Results
Flow, Q 7.0025 cfs
Velocity, v 6.3635 ft/sec
Velocity head, h 0.6294 ft H2O
Flow area 1.1005 ft^2
Wetted perimeter 2.6490 ft
Hydraulic radius 0.4154 ft
Top width, T 1.4715 ft
Froude number, F 1.30
Shear stress (tractive force), tau 0.2593 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/20/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 13  

30" RCP @ 1.00%

Inputs
Pipe diameter, d 30  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S 1  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 63.6  %

Results
Flow, Q 30.0630 cfs
Velocity, v 9.1275 ft/sec
Velocity head, h 1.2948 ft H2O
Flow area 3.2938 ft^2
Wetted perimeter 4.6156 ft
Hydraulic radius 0.7136 ft
Top width, T 2.4057 ft
Froude number, F 1.38
Shear stress (tractive force), tau 0.4455 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/20/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 14  

24" RCP @ 1.00%

Inputs
Pipe diameter, d 24  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S 1  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 51.9  %

Results
Flow, Q 12.0430 cfs
Velocity, v 7.3133 ft/sec
Velocity head, h 0.8312 ft H2O
Flow area 1.6468 ft^2
Wetted perimeter 3.2176 ft
Hydraulic radius 0.5118 ft
Top width, T 1.9985 ft
Froude number, F 1.42
Shear stress (tractive force), tau 0.3195 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/20/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 15  

36" RCP @ 1.00%

Inputs
Pipe diameter, d 36  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S 1  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 48.9  %

Results
Flow, Q 32.1044 cfs
Velocity, v 9.3457 ft/sec
Velocity head, h 1.3575 ft H2O
Flow area 3.4353 ft^2
Wetted perimeter 4.6463 ft
Hydraulic radius 0.7393 ft
Top width, T 2.9992 ft
Froude number, F 1.54
Shear stress (tractive force), tau 0.4616 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/20/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 16  

18" RCP @ 17.80%

Inputs
Pipe diameter, d 18  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S 17.8  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 14.7  %

Results
Flow, Q 2.0660 cfs
Velocity, v 12.7995 ft/sec
Velocity head, h 2.5462 ft H2O
Flow area 0.1614 ft^2
Wetted perimeter 1.1804 ft
Hydraulic radius 0.1367 ft
Top width, T 1.0623 ft
Froude number, F 5.83
Shear stress (tractive force), tau 1.5195 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


11/20/2020 Free Online Manning Pipe Flow Calculator

www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 17  

36" RCP @ 0.70%

Inputs
Pipe diameter, d 36  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S 0.7  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 58.5  %

Results
Flow, Q 36.0498 cfs
Velocity, v 8.3925 ft/sec
Velocity head, h 1.0947 ft H2O
Flow area 4.2956 ft^2
Wetted perimeter 5.2248 ft
Hydraulic radius 0.8221 ft
Top width, T 2.9563 ft
Froude number, F 1.23
Shear stress (tractive force), tau 0.3593 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
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12/16/2020 Free Online Manning Pipe Flow Calculator
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe Run 17A  

18" RCP @ 2.00%

Inputs
Pipe diameter, d 18  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 2  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 62.5  %

Results
Flow, Q 10.6124 cfs
Velocity, v 9.1342 ft/sec
Velocity head, h 1.2967 ft H2O
Flow area 1.1619 ft^2
Wetted perimeter 2.7352 ft
Hydraulic radius 0.4248 ft
Top width, T 1.4524 ft
Froude number, F 1.80
Shear stress (tractive force), tau 0.5304 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 18  

24" RCP @ 2.00%

Inputs
Pipe diameter, d 24  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 2  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 48.3  %

Results
Flow, Q 15.0762 cfs
Velocity, v 10.0323 ft/sec
Velocity head, h 1.5642 ft H2O
Flow area 1.5028 ft^2
Wetted perimeter 3.0735 ft
Hydraulic radius 0.4889 ft
Top width, T 1.9988 ft
Froude number, F 2.04
Shear stress (tractive force), tau 0.6105 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 19  

18" RCP @ 2.00%

Inputs
Pipe diameter, d 18  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 2  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 52.5  %

Results
Flow, Q 8.0610 cfs
Velocity, v 8.5777 ft/sec
Velocity head, h 1.1435 ft H2O
Flow area 0.9398 ft^2
Wetted perimeter 2.4312 ft
Hydraulic radius 0.3865 ft
Top width, T 1.4981 ft
Froude number, F 1.91
Shear stress (tractive force), tau 0.4826 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 20  

24" RCP @ 1.75%

Inputs
Pipe diameter, d 24  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 1.75  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 61.8  %

Results
Flow, Q 21.0236 cfs
Velocity, v 10.3142 ft/sec
Velocity head, h 1.6534 ft H2O
Flow area 2.0384 ft^2
Wetted perimeter 3.6181 ft
Hydraulic radius 0.5634 ft
Top width, T 1.9435 ft
Froude number, F 1.78
Shear stress (tractive force), tau 0.6155 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 21  

18" RCP @ 2.0%

Inputs
Pipe diameter, d 18  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 2  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 52.5  %

Results
Flow, Q 8.0610 cfs
Velocity, v 8.5777 ft/sec
Velocity head, h 1.1435 ft H2O
Flow area 0.9398 ft^2
Wetted perimeter 2.4312 ft
Hydraulic radius 0.3865 ft
Top width, T 1.4981 ft
Froude number, F 1.91
Shear stress (tractive force), tau 0.4826 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 22  

24" RCP @ 1.75%

Inputs
Pipe diameter, d 24  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 1.75  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 74.4  %

Results
Flow, Q 27.0312 cfs
Velocity, v 10.7846 ft/sec
Velocity head, h 1.8076 ft H2O
Flow area 2.5066 ft^2
Wetted perimeter 4.1611 ft
Hydraulic radius 0.6024 ft
Top width, T 1.7457 ft
Froude number, F 1.59
Shear stress (tractive force), tau 0.6581 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
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11/21/2020 Free Online Manning Pipe Flow Calculator
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 24  

24" RCP @ 1.00%

Inputs
Pipe diameter, d 24  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 1  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 70.3  %

Results
Flow, Q 19.0443 cfs
Velocity, v 8.0702 ft/sec
Velocity head, h 1.0122 ft H2O
Flow area 2.3599 ft^2
Wetted perimeter 3.9777 ft
Hydraulic radius 0.5933 ft
Top width, T 1.8277 ft
Froude number, F 1.25
Shear stress (tractive force), tau 0.3704 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
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11/21/2020 Free Online Manning Pipe Flow Calculator
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 24  

24" RCP @ 1.00%

Inputs
Pipe diameter, d 24  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 1  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 70.3  %

Results
Flow, Q 19.0443 cfs
Velocity, v 8.0702 ft/sec
Velocity head, h 1.0122 ft H2O
Flow area 2.3599 ft^2
Wetted perimeter 3.9777 ft
Hydraulic radius 0.5933 ft
Top width, T 1.8277 ft
Froude number, F 1.25
Shear stress (tractive force), tau 0.3704 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
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11/21/2020 Free Online Manning Pipe Flow Calculator
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 25  

30" RCP @ 1.00%

Inputs
Pipe diameter, d 30  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 1  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 72.8  %

Results
Flow, Q 36.0904 cfs
Velocity, v 9.4275 ft/sec
Velocity head, h 1.3813 ft H2O
Flow area 3.8284 ft^2
Wetted perimeter 5.1107 ft
Hydraulic radius 0.7491 ft
Top width, T 2.2249 ft
Froude number, F 1.27
Shear stress (tractive force), tau 0.4676 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 26  

36" RCP @ 1.75%

Inputs
Pipe diameter, d 36  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 1.75  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 59.9  %

Results
Flow, Q 59.1220 cfs
Velocity, v 13.3781 ft/sec
Velocity head, h 2.7816 ft H2O
Flow area 4.4195 ft^2
Wetted perimeter 5.3103 ft
Hydraulic radius 0.8322 ft
Top width, T 2.9406 ft
Froude number, F 1.92
Shear stress (tractive force), tau 0.9092 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 27  

18" RCP @ 2.00%

Inputs
Pipe diameter, d 18  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 2  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 44.5  %

Results
Flow, Q 6.0659 cfs
Velocity, v 7.9810 ft/sec
Velocity head, h 0.9899 ft H2O
Flow area 0.7601 ft^2
Wetted perimeter 2.1908 ft
Hydraulic radius 0.3469 ft
Top width, T 1.4909 ft
Froude number, F 1.97
Shear stress (tractive force), tau 0.4332 psf

0

0

v
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 28  

18" RCP @ 2.00%

Inputs
Pipe diameter, d 18  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 2  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 48.5  %

Results
Flow, Q 7.0503 cfs
Velocity, v 8.2965 ft/sec
Velocity head, h 1.0698 ft H2O
Flow area 0.8498 ft^2
Wetted perimeter 2.3112 ft
Hydraulic radius 0.3677 ft
Top width, T 1.4993 ft
Froude number, F 1.94
Shear stress (tractive force), tau 0.4591 psf

0

0

v
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 29  

36" RCP @ 1.75%

Inputs
Pipe diameter, d 36  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 1.75  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 66.6  %

Results
Flow, Q 69.0619 cfs
Velocity, v 13.8118 ft/sec
Velocity head, h 2.9648 ft H2O
Flow area 5.0004 ft^2
Wetted perimeter 5.7276 ft
Hydraulic radius 0.8730 ft
Top width, T 2.8298 ft
Froude number, F 1.83
Shear stress (tractive force), tau 0.9538 psf

0

0

v
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www.hawsedc.com/engcalcs/Manning-Pipe-Flow.php 1/1

Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 30  

24" RCP @ 2%

Inputs
Pipe diameter, d 24  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 2  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 50.1  %

Results
Flow, Q 16.0492 cfs
Velocity, v 10.1916 ft/sec
Velocity head, h 1.6143 ft H2O
Flow area 1.5748 ft^2
Wetted perimeter 3.1456 ft
Hydraulic radius 0.5006 ft
Top width, T 2.0000 ft
Froude number, F 2.03
Shear stress (tractive force), tau 0.6251 psf

0

0

v
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 31  

36" RCP @ 2%

Inputs
Pipe diameter, d 36  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 2  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 71.4  %

Results
Flow, Q 81.0062 cfs
Velocity, v 15.0023 ft/sec
Velocity head, h 3.4979 ft H2O
Flow area 5.3998 ft^2
Wetted perimeter 6.0392 ft
Hydraulic radius 0.8941 ft
Top width, T 2.7113 ft
Froude number, F 1.87
Shear stress (tractive force), tau 1.1164 psf

0

0

v
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 32  

18" RCP @ 2%

Inputs
Pipe diameter, d 18  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 2  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 48.5  %

Results
Flow, Q 7.0503 cfs
Velocity, v 8.2965 ft/sec
Velocity head, h 1.0698 ft H2O
Flow area 0.8498 ft^2
Wetted perimeter 2.3112 ft
Hydraulic radius 0.3677 ft
Top width, T 1.4993 ft
Froude number, F 1.94
Shear stress (tractive force), tau 0.4591 psf

0

0

v
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 33  

36" RCP @ 2%

Inputs
Pipe diameter, d 36  in

Manning roughness, n 0.013

Pressure slope (possibly ? equal to pipe slope), S 2  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 75.8  %

Results
Flow, Q 87.0601 cfs
Velocity, v 15.1448 ft/sec
Velocity head, h 3.5647 ft H2O
Flow area 5.7488 ft^2
Wetted perimeter 6.3388 ft
Hydraulic radius 0.9069 ft
Top width, T 2.5697 ft
Froude number, F 1.79
Shear stress (tractive force), tau 1.1323 psf

0

0

v
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Manning Formula Uniform Pipe Flow at Given Slope and Depth
Check out our spreadsheet version of this calculator   Download Spreadsheet   Open Google Sheets version   View All Spreadsheets

Pipe run 34  

24" RCP @ 2.00%

Inputs
Pipe diameter, d 24  in

Manning roughness, n .013

Pressure slope (possibly ? equal to pipe slope), S 2  % rise/run

Percent of (or ratio to) full depth (100% or 1 if flowing full) 53.7  %

Results
Flow, Q 18.0202 cfs
Velocity, v 10.4853 ft/sec
Velocity head, h 1.7087 ft H2O
Flow area 1.7187 ft^2
Wetted perimeter 3.2897 ft
Hydraulic radius 0.5224 ft
Top width, T 1.9945 ft
Froude number, F 1.99
Shear stress (tractive force), tau 0.6523 psf

0

0

v

http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.xlsx
http://www.hawsedc.com/engcalcs/spreadsheet/Manning-Pipe-Flow.php
http://www.hawsedc.com/engcalcs/SpreadsheetLibrary.php
http://www.engineeringtoolbox.com/mannings-roughness-d_799.html
http://www.hawsedc.com/pressureslope.php
https://www.engineeringtoolbox.com/froude-number-d_578.html


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FULL SPECTRUM DETENTION & WATER QUALITY CALCULATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EPC Stormwater - Glenn Reese
SW - Text Box
No pond details were provided on Plans and these calcs are not reviewed at this overlot grading review stage. So these calcs were not reviewed at this time, but will be at the final plat review stage. 
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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 9 FSD

Receiving Pervious Area Soil Type Loamy Sand

Total Area (ac., Sum of DCIA, UIA, RPA, & SPA) 19.91 
Directly Connected Impervious Area (DCIA, acres) 4.10

Unconnected Impervious Area (UIA, acres) 5.60

Receiving Pervious Area (RPA, acres) 7.15

Separate Pervious Area (SPA, acres) 3.06

C

CALCULATED RESULTS (OUTPUT)

Total Calculated Area (ac, check against input) 19.905

Directly Connected Impervious Area (DCIA, %) 20.6%

Unconnected Impervious Area (UIA, %) 28.1%

Receiving Pervious Area (RPA, %) 35.9%

Separate Pervious Area (SPA, %) 15.4%

AR (RPA / UIA) 1.276

Ia Check 0.440

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: 0.57

IRF for 5-Year Event: 0.88

IRF for 100-Year Event: 0.90

IRF for Optional User Defined Storm CUHP:

Total Site Imperviousness:  Itotal 48.7%

Effective Imperviousness for WQCV Event: 36.7%

Effective Imperviousness for 5-Year Event: 45.3%

Effective Imperviousness for 100-Year Event: 46.0%

LID / EFFECTIVE IMPERVIOUSNESS CREDITS

WQCV Event CREDIT:  Reduce Detention By: 15.7% 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: 5.5% 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
User Defined CUHP CREDIT:  Reduce Detention By:

Total Site Imperviousness: 48.7% Notes:

Total Site Effective Imperviousness for WQCV Event: 36.7% * Use Green-Ampt average infiltration rate values from Table 3-3.
Total Site Effective Imperviousness for 5-Year Event: 45.3% ** Flood control detention volume credits based on empirical equations from Storage Chapter of USDCM.

Total Site Effective Imperviousness for 100-Year Event: 46.0% *** Method assumes that 1-hour rainfall depth is equivalent to 1-hour intensity for calculation purposed
Total Site Effective Imperviousness for Optional User Defined Storm CUHP: 

Effective Imperviousness for Optional User Defined Storm CUHP:

Site-Level Low Impact Development (LID) Design Effective Impervious Calculator
LID Credit by Impervious Reduction Factor (IRF) Method

Terra Nova Engineering
December 16, 2020
WATERBURY FILING 1 POND 1
POND 1 Design Point 8 Full Spectrum Detention 19.91 Acres

QNA

RPA Treatment Type: Conveyance (C), 
Volume (V), or Permeable Pavement (PP)

UD-BMP (Version 3.06, November 2016)

IRF (UD-BMP_v3.06) pond 1, IRF 12/16/2020, 5:50 PM



Stormwater Facility Name:

Facility Location & Jurisdiction:

User Input: Watershed Characteristics User Defined User Defined User Defined User Defined

Watershed Slope = 0.012 ft/ft Stage [ft] Area [ft^2] Stage [ft] Discharge [cfs]

Watershed Length = 1935 ft 0.00 100 0.00 0.00

Watershed Area = 19.91 acres 0.25 3,176 0.25 0.04

Watershed Imperviousness = 46.0% percent 0.50 6,253 0.50 0.06

Percentage Hydrologic Soil Group A = 100.0% percent 0.75 8,372 0.75 0.07

Percentage Hydrologic Soil Group B = 0.0% percent 1.00 10,492 1.00 0.09

Percentage Hydrologic Soil Groups C/D = 0.0% percent 1.25 12,612 1.25 0.14

1.50 14,732 1.50 0.17

User Input 17 1.75 16,852 1.75 0.19

2.00 18,972 2.00 0.21

2.25 21,092 2.25 0.27   

2.50 23,212 2.50 0.30

WQCV Treatment Method = 40.00 hours 2.75 25,435 2.75 0.33

3.00 27,658 3.00 0.36

3.25 29,881 3.25 3.70

3.50 32,105 3.50 7.91

3.75 34,328 3.75 8.21

4.00 36,551 4.00 8.50

4.25 38,744 4.25 8.78

4.50 40,997 4.50 9.06

4.75 43,176 4.75 20.80

5.00 45,355 5.00 42.67

5.25 47,534 5.25 71.79

5.50 49,712 5.50 107.27

5.75 51,891 5.75 148.67

6.00 54,070 6.00 195.73

6.25 56,249 6.25 248.30

6.50 58,428 6.50 306.29

After completing and printing this worksheet to a pdf, go to:

https://maperture.digitaldataservices.com/gvh/?viewer=cswdif

create a new stormwater facility, and 

attach the pdf of this worksheet to that record.

Routed Hydrograph Results

Design Storm Return Period = WQCV 2 Year 5 Year 10 Year 50 Year 100 Year

One-Hour Rainfall Depth = 0.53 1.19 1.50 1.75 2.25 2.52 in

Calculated Runoff Volume = 0.324 0.702 0.924 1.142 1.820 2.278 acre-ft

OPTIONAL Override Runoff Volume = acre-ft

Inflow Hydrograph Volume = 0.324 0.702 0.924 1.142 1.819 2.277 acre-ft

Time to Drain 97% of Inflow Volume = 39.7 56.6 63.4 67.4 64.0 61.7 hours

Time to Drain 99% of Inflow Volume = 42.2 60.6 68.1 72.9 71.5 70.7 hours

Maximum Ponding Depth = 1.55 2.38 2.77 3.05 3.44 3.74 ft

Maximum Ponded Area = 0.35 0.51 0.59 0.64 0.72 0.78 acres

Maximum Volume Stored = 0.292 0.645 0.858 1.032 1.305 1.523 acre-ft

Stormwater Detention and Infiltration Design Data Sheet

Waterbury Filing No. 1 & 2 EDB Pond 1 D8 8

Stapleton Dr. & Bandernero Dr Intersection

Location for 1-hr Rainfall Depths (use dropdown):

Workbook Protected Worksheet Protected

1715 SDI Design Data Sheet - EDB 1, Design Data 12/22/2020, 4:14 PM

https://maperture.digitaldataservices.com/gvh/?viewer=cswdif
dsdrice
Text Box
Submit SDI worksheets separately from this report.



WQCV_Trigger = 1

RunOnce= 1

CountA= 1

Draintime Coeff= 1.0

0 1 2 3

#N/A

#N/A

0 1 2 3

#N/A

#N/A

Check Data Set 1 Check Data Set 1

Stormwater Detention and Infiltration Design Data Sheet
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Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 100 0.002

Selected BMP Type = EDB 6923.75 -- 0.25 -- -- -- 3,176 0.073 409 0.009

Watershed Area = 19.91 acres 6924.00 -- 0.50 -- -- -- 6,253 0.144 1,588 0.036

Watershed Length = 1,935 ft 6924.25 -- 0.75 -- -- -- 8,372 0.192 3,416 0.078

Watershed Length to Centroid = 800 ft 6924.50 -- 1.00 -- -- -- 10,492 0.241 5,774 0.133

Watershed Slope = 0.012 ft/ft 6924.75 -- 1.25 -- -- -- 12,612 0.290 8,662 0.199

Watershed Imperviousness = 45.99% percent 6925.00 -- 1.50 -- -- -- 14,732 0.338 12,080 0.277

Percentage Hydrologic Soil Group A = 100.0% percent 6925.25 -- 1.75 -- -- -- 16,852 0.387 16,028 0.368

Percentage Hydrologic Soil Group B = 0.0% percent 6925.50 -- 2.00 -- -- -- 18,972 0.436 20,506 0.471

Percentage Hydrologic Soil Groups C/D = 0.0% percent 6925.75 -- 2.25 -- -- -- 21,092 0.484 25,514 0.586

Target WQCV Drain Time = 40.0 hours 6926.00 -- 2.50 -- -- -- 23,212 0.533 31,052 0.713

Location for 1-hr Rainfall Depths = User Input 6926.25 -- 2.75 -- -- -- 25,435 0.584 37,133 0.852

6926.50 -- 3.00 -- -- -- 27,658 0.635 43,769 1.005

6926.75 -- 3.25 -- -- -- 29,881 0.686 50,962 1.170

Optional User Overrides 6927.00 -- 3.50 -- -- -- 32,105 0.737 58,710 1.348

Water Quality Capture Volume (WQCV) = 0.324 acre-feet 0.324 acre-feet 6927.25 -- 3.75 -- -- -- 34,328 0.788 67,014 1.538

Excess Urban Runoff Volume (EURV) = 1.027 acre-feet 1.027 acre-feet 6927.50 -- 4.00 -- -- -- 36,551 0.839 75,874 1.742

2-yr Runoff Volume (P1 = 1.19 in.) = 0.779 acre-feet 1.19 inches 6927.75 -- 4.25 -- -- -- 38,744 0.889 85,286 1.958

5-yr Runoff Volume (P1 = 1.5 in.) = 1.040 acre-feet 1.50 inches 6928.00 -- 4.50 -- -- -- 40,997 0.941 95,254 2.187

10-yr Runoff Volume (P1 = 1.75 in.) = 1.248 acre-feet 1.75 inches 6928.25 -- 4.75 -- -- -- 43,176 0.991 105,775 2.428

25-yr Runoff Volume (P1 = 2 in.) = 1.600 acre-feet 2.00 inches 6928.50 -- 5.00 -- -- -- 45,355 1.041 116,842 2.682

50-yr Runoff Volume (P1 = 2.25 in.) = 1.942 acre-feet 2.25 inches 6928.75 -- 5.25 -- -- -- 47,534 1.091 128,453 2.949

100-yr Runoff Volume (P1 = 2.52 in.) = 2.383 acre-feet 2.52 inches 6929.00 -- 5.50 -- -- -- 49,712 1.141 140,608 3.228

500-yr Runoff Volume (P1 = 3 in.) = 3.110 acre-feet 3.00 inches 6929.25 -- 5.75 -- -- -- 51,891 1.191 153,309 3.519

Approximate 2-yr Detention Volume = 0.661 acre-feet 6929.50 -- 6.00 -- -- -- 54,070 1.241 166,554 3.824

Approximate 5-yr Detention Volume = 0.871 acre-feet 6929.75 -- 6.25 -- -- -- 56,249 1.291 180,344 4.140

Approximate 10-yr Detention Volume = 1.068 acre-feet 6930.00 -- 6.50 -- -- -- 58,428 1.341 194,678 4.469

Approximate 25-yr Detention Volume = 1.313 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 1.472 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 1.677 acre-feet -- -- -- --

-- -- -- --

Define Zones and Basin Geometry -- -- -- --

Zone 1 Volume (WQCV) = 0.324 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.703 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.650 acre-feet -- -- -- --

Total Detention Basin Volume = 1.677 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 
Override 
Area (ft 2)

Length 
(ft)

Optional 
Override 
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area 
(ft 2)

Width 
(ft)

WATERBURY

POND 1 DP 8

MHFD-Detention, Version 4.03 (May 2020)

Volume 
(ft 3)

Volume 
(ac-ft)

Area 
(acre)

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 03 POND 1 DP 8, Basin 12/16/2020, 5:48 PM



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

1.64 Zone 1 (WQCV) 1.64 Zone 1 (WQCV)

3.04 Zone 2 (EURV) 3.04 Zone 2 (EURV)

3.93 Zone 3 (100-year) 3.93 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.03 (May 2020)
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  Project:

  Basin ID:

Estimated Estimated
Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 1.64 0.324 Orifice Plate

Zone 2 (EURV) 3.04 0.703 Orifice Plate

Zone 3 (100-year) 3.93 0.650 Weir&Pipe (Restrict)

Total (all zones) 1.677

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 ft2

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
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 1.792E-02 ft2

Depth at top of Zone using Orifice Plate = 3.04 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 12.90 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 2.58 sq. inches (diameter = 1-13/16 inches) Elliptical Slot Area = N/A ft2

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 1.01 2.03

Orifice Area (sq. inches) 2.58 2.58 2.58

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 ft2

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 = 3.04 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 3.04 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 = 12.22 N/A
Horiz. Length of Weir Sides = 4.00 N/A feet Overflow Grate Open Area w/o Debris = 11.20 N/A ft2

Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 5.60 N/A ft2

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 = 0.10 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.92 N/A ft2

Outlet Pipe Diameter = 24.00 N/A inches Outlet Orifice Centroid = 0.39 N/A feet
Restrictor Plate Height Above Pipe Invert = 8.00 inches Half-Central Angle of Restrictor Plate on Pipe = 1.23 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= 0.46 feet

Spillway Crest Length = 30.00 feet Stage at Top of Freeboard = 5.96 feet
Spillway End Slopes = 3.00 H:V Basin Area at Top of Freeboard = 1.23 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 3.77 acre-ft

Max Ponding Depth of Target Storage Volume = 3.79 feet Discharge at Top of Freeboard = 187.83 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) = 0.324 1.027 0.779 1.040 1.248 1.600 1.942 2.383 3.110

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.779 1.040 1.248 1.600 1.942 2.383 3.110
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.1 0.2 0.3 2.5 5.0 8.4 13.8

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.01 0.01 0.01 0.13 0.25 0.42 0.69

Peak Inflow Q (cfs) = N/A N/A 8.1 10.8 12.9 18.7 23.3 29.1 38.2
Peak Outflow Q (cfs) = 0.2 0.4 0.3 0.4 1.8 5.3 7.8 8.3 9.0

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 1.8 6.5 2.1 1.6 1.0 0.7
Structure Controlling Flow = Plate Overflow Weir 1 Plate Plate Overflow Weir 1 Overflow Weir 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.1 0.4 0.7 0.7 0.8
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 65 59 66 68 66 64 62 59
Time to Drain 99% of Inflow Volume (hours) = 40 70 62 71 73 72 72 71 70

Maximum Ponding Depth (ft) = 1.64 3.04 2.52 2.95 3.16 3.31 3.44 3.79 4.41
Area at Maximum Ponding Depth (acres) = 0.37 0.64 0.53 0.62 0.67 0.70 0.72 0.80 0.92

Maximum Volume Stored (acre-ft) = 0.327 1.030 0.718 0.967 1.102 1.211 1.297 1.570 2.094

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 4.03 (May 2020)

WATERBURY

POND 1 DP 8

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 165 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 253 Slope 0.012

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 305 Shape 4.32

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 296

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 332 0.46

WQ Plate Flow at 100yr depth = 0.43 0.97(diameter = 1-1/8 inches) 50 Year 345

CLOG #1= 35% 1.08(diameter = 1-3/16 inches) 100 Year 380 1 Z1_Boolean

Cdw #1 = 1.15 1.20(diameter = 1-1/4 inches) 500 Year 442 1 Z2_Boolean

Cdo #1 = 1.07 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= 0% 1.59(diameter = 1-7/16 inches) Draintime Running

Cdw #2 = #VALUE! 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

Cdo #2 = #VALUE! 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = #VALUE! 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 6.00 170,000 190

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis
minimum bound
maximum bound

MHFD-Detention, Version 4.00 (December 2019)
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 0.09 0.01 0.22

0:15:00 0.00 0.00 0.76 1.24 1.55 1.05 1.32 1.28 1.76

0:20:00 0.00 0.00 2.85 3.77 4.47 2.84 3.35 3.57 4.47

0:25:00 0.00 0.00 6.07 8.41 10.36 6.09 7.13 7.76 10.00

0:30:00 0.00 0.00 7.93 10.74 12.92 13.96 17.53 20.40 27.11

0:35:00 0.00 0.00 8.10 10.80 12.88 17.93 22.40 27.76 36.45

0:40:00 0.00 0.00 7.75 10.14 12.02 18.67 23.35 29.14 38.24

0:45:00 0.00 0.00 7.15 9.41 11.17 17.56 21.85 27.90 36.75

0:50:00 0.00 0.00 6.61 8.78 10.33 16.49 20.42 25.97 34.37

0:55:00 0.00 0.00 6.15 8.17 9.63 15.04 18.50 23.78 31.38

1:00:00 0.00 0.00 5.78 7.65 9.05 13.78 16.88 21.95 28.96

1:05:00 0.00 0.00 5.43 7.15 8.48 12.69 15.49 20.45 27.03

1:10:00 0.00 0.00 4.94 6.65 7.91 11.53 14.01 18.31 24.12

1:15:00 0.00 0.00 4.48 6.11 7.39 10.40 12.57 16.18 21.20

1:20:00 0.00 0.00 4.10 5.62 6.87 9.24 11.11 14.00 18.25

1:25:00 0.00 0.00 3.84 5.27 6.39 8.30 9.94 12.23 15.92

1:30:00 0.00 0.00 3.64 5.00 5.96 7.52 8.98 10.90 14.14

1:35:00 0.00 0.00 3.45 4.74 5.57 6.87 8.17 9.81 12.67

1:40:00 0.00 0.00 3.27 4.39 5.20 6.28 7.44 8.84 11.37

1:45:00 0.00 0.00 3.10 4.03 4.85 5.73 6.77 7.94 10.16

1:50:00 0.00 0.00 2.92 3.69 4.52 5.21 6.12 7.08 9.00

1:55:00 0.00 0.00 2.62 3.36 4.14 4.71 5.49 6.25 7.89

2:00:00 0.00 0.00 2.31 3.01 3.70 4.22 4.88 5.47 6.85

2:05:00 0.00 0.00 1.89 2.48 3.03 3.45 3.96 4.39 5.46

2:10:00 0.00 0.00 1.52 1.99 2.43 2.70 3.08 3.36 4.14

2:15:00 0.00 0.00 1.23 1.61 1.99 2.06 2.33 2.50 3.07

2:20:00 0.00 0.00 1.01 1.33 1.65 1.63 1.84 1.93 2.36

2:25:00 0.00 0.00 0.84 1.10 1.37 1.32 1.48 1.52 1.84

2:30:00 0.00 0.00 0.69 0.91 1.14 1.07 1.20 1.20 1.45

2:35:00 0.00 0.00 0.57 0.75 0.93 0.87 0.97 0.95 1.14

2:40:00 0.00 0.00 0.46 0.61 0.76 0.70 0.78 0.74 0.88

2:45:00 0.00 0.00 0.38 0.49 0.61 0.56 0.62 0.58 0.68

2:50:00 0.00 0.00 0.31 0.40 0.49 0.44 0.49 0.45 0.53

2:55:00 0.00 0.00 0.25 0.32 0.39 0.35 0.39 0.37 0.43

3:00:00 0.00 0.00 0.20 0.25 0.31 0.28 0.32 0.30 0.35

3:05:00 0.00 0.00 0.16 0.20 0.25 0.22 0.25 0.23 0.27

3:10:00 0.00 0.00 0.12 0.15 0.19 0.17 0.19 0.18 0.21

3:15:00 0.00 0.00 0.09 0.11 0.14 0.13 0.14 0.13 0.16

3:20:00 0.00 0.00 0.06 0.08 0.10 0.09 0.10 0.09 0.11

3:25:00 0.00 0.00 0.04 0.05 0.07 0.06 0.07 0.06 0.07

3:30:00 0.00 0.00 0.02 0.03 0.04 0.04 0.04 0.04 0.04

3:35:00 0.00 0.00 0.01 0.02 0.02 0.02 0.02 0.02 0.02

3:40:00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01

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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Summary Stage-Area-Volume-Discharge Relationships
The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.
The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Area Area Volume Volume
Total

Outflow

[ft] [ft 2] [acres] [ft 3] [ac-ft] [cfs]

0.00 100 0.002 0 0.000 0.00

0.25 3,176 0.073 409 0.009 0.04

0.50 6,253 0.144 1,588 0.036 0.06

0.75 8,372 0.192 3,416 0.078 0.07

1.00 10,492 0.241 5,774 0.133 0.09

1.25 12,612 0.290 8,662 0.199 0.14

1.50 14,732 0.338 12,080 0.277 0.17

1.75 16,852 0.387 16,028 0.368 0.19

2.00 18,972 0.436 20,506 0.471 0.21

2.25 21,092 0.484 25,514 0.586 0.27

2.50 23,212 0.533 31,052 0.713 0.30

2.75 25,435 0.584 37,133 0.852 0.33

3.00 27,658 0.635 43,769 1.005 0.36

3.25 29,881 0.686 50,962 1.170 3.70

3.50 32,105 0.737 58,710 1.348 7.91

3.75 34,328 0.788 67,014 1.538 8.21

4.00 36,551 0.839 75,874 1.742 8.50

4.25 38,744 0.889 85,286 1.958 8.78

4.50 40,997 0.941 95,254 2.187 9.06

4.75 43,176 0.991 105,775 2.428 20.80

5.00 45,355 1.041 116,842 2.682 42.67

5.25 47,534 1.091 128,453 2.949 71.79

5.50 49,712 1.141 140,608 3.228 107.27

5.75 51,891 1.191 153,309 3.519 148.67

6.00 54,070 1.241 166,554 3.824 195.73

6.25 56,249 1.291 180,344 4.140 248.30

6.50 58,428 1.341 194,678 4.469 306.29

For best results, include the 
stages of all grade slope 
changes (e.g. ISV and Floor) 
from the S-A-V table on 
Sheet 'Basin'. 

Also include the inverts of all 
outlets (e.g. vertical orifice, 
overflow grate, and spillway, 
where applicable).

DETENTION BASIN OUTLET STRUCTURE DESIGN

Stage - Storage
Description

MHFD-Detention, Version 4.03 (May 2020)
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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 9 FSD

Receiving Pervious Area Soil Type Loamy Sand

Total Area (ac., Sum of DCIA, UIA, RPA, & SPA) 21.93 
Directly Connected Impervious Area (DCIA, acres) 2.21

Unconnected Impervious Area (UIA, acres) 3.52

Receiving Pervious Area (RPA, acres) 5.30

Separate Pervious Area (SPA, acres) 10.90

C

CALCULATED RESULTS (OUTPUT)

Total Calculated Area (ac, check against input) 21.935

Directly Connected Impervious Area (DCIA, %) 10.1%

Unconnected Impervious Area (UIA, %) 16.0%

Receiving Pervious Area (RPA, %) 24.2%

Separate Pervious Area (SPA, %) 49.7%

AR (RPA / UIA) 1.506

Ia Check 0.400

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: 0.55

IRF for 5-Year Event: 0.87

IRF for 100-Year Event: 0.90

IRF for Optional User Defined Storm CUHP:

Total Site Imperviousness:  Itotal 26.1%

Effective Imperviousness for WQCV Event: 18.9%

Effective Imperviousness for 5-Year Event: 24.1%

Effective Imperviousness for 100-Year Event: 24.5%

LID / EFFECTIVE IMPERVIOUSNESS CREDITS

WQCV Event CREDIT:  Reduce Detention By: 20.0% 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: 6.7% 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: 26.1% Notes:

Total Site Effective Imperviousness for WQCV Event: 18.9% * Use Green-Ampt average infiltration rate values from Table 3-3.
Total Site Effective Imperviousness for 5-Year Event: 24.1% ** Flood control detention volume credits based on empirical equations from Storage Chapter of USDCM.

Total Site Effective Imperviousness for 100-Year Event: 24.5% *** 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 16, 2020
WATERBURY FILING 1 POND 2
POND 2 Design Point 18 Full Spectrum Detention 19.91 Acres

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) pond 2, IRF 12/16/2020, 5:30 PM



Stormwater Facility Name:

Facility Location & Jurisdiction:

User Input: Watershed Characteristics User Defined User Defined User Defined User Defined

Watershed Slope = 0.014 ft/ft Stage [ft] Area [ft^2] Stage [ft] Discharge [cfs]

Watershed Length = 1425 ft 0.00 100 0.00 0.00

Watershed Area = 21.93 acres 0.25 942 0.25 0.02

Watershed Imperviousness = 24.5% percent 0.50 1,784 0.50 0.03

Percentage Hydrologic Soil Group A = 100.0% percent 0.75 2,626 0.75 0.04

Percentage Hydrologic Soil Group B = 0.0% percent 1.00 3,468 1.00 0.04

Percentage Hydrologic Soil Groups C/D = 0.0% percent 1.25 5,034 1.25 0.07

1.50 6,600 1.50 0.09

User Input 17 1.75 8,166 1.75 0.10

2.00 9,732 2.00 0.11

2.25 11,297 2.25 0.14   

2.50 12,863 2.50 0.16

WQCV Treatment Method = 40.00 hours 2.75 14,429 2.75 0.17

3.00 15,995 3.00 0.18

3.25 19,602 3.25 3.05

3.50 23,209 3.50 10.28

3.75 26,815 3.75 10.76

4.00 30,422 4.00 11.17

4.25 34,029 4.25 11.57

4.50 37,636 4.50 11.96

4.75 41,243 4.75 12.33

5.00 44,850 5.00 12.70

5.25 48,650 5.25 20.77

5.50 52,450 5.50 35.88

5.75 56,251 5.75 56.20

6.00 60,051 6.00 81.25

6.25 63,851 6.25 110.80

6.50 67,652 6.50 144.75

6.75 71,452 6.75 183.06

7.00 75,252 7.00 225.73

After completing and printing this worksheet to a pdf, go to:

https://maperture.digitaldataservices.com/gvh/?viewer=cswdif

create a new stormwater facility, and 

attach the pdf of this worksheet to that record.

Routed Hydrograph Results

Design Storm Return Period = WQCV 2 Year 5 Year 10 Year 50 Year 100 Year

One-Hour Rainfall Depth = 0.53 1.19 1.50 1.75 2.25 2.52 in

Calculated Runoff Volume = 0.243 0.338 0.453 0.576 1.113 1.594 acre-ft

OPTIONAL Override Runoff Volume = acre-ft

Inflow Hydrograph Volume = 0.243 0.338 0.452 0.575 1.113 1.594 acre-ft

Time to Drain 97% of Inflow Volume = 38.7 45.1 51.9 55.2 50.7 46.6 hours

Time to Drain 99% of Inflow Volume = 41.3 48.3 55.9 59.9 57.9 56.2 hours

Maximum Ponding Depth = 2.14 2.47 2.82 3.07 3.43 3.74 ft

Maximum Ponded Area = 0.24 0.29 0.34 0.39 0.51 0.61 acres

Maximum Volume Stored = 0.223 0.313 0.423 0.511 0.671 0.844 acre-ft

Location for 1-hr Rainfall Depths (use dropdown):

Workbook Protected Worksheet Protected

Stormwater Detention and Infiltration Design Data Sheet

Waterbury Filing No. 1 & 2 EDB Pond 2 DP 18 

Stapleton Dr. & Bandernero Dr Intersection

1715 SDI Design Data Sheet - EDB 2, Design Data 12/22/2020, 4:52 PM

https://maperture.digitaldataservices.com/gvh/?viewer=cswdif
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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 = 21.93 acres 6899.50 -- 0.50 -- -- -- 1,784 0.041 471 0.011

Watershed Length = 1,425 ft 6899.75 -- 0.75 -- -- -- 2,626 0.060 1,022 0.023

Watershed Length to Centroid = 650 ft 6900.00 -- 1.00 -- -- -- 3,468 0.080 1,784 0.041

Watershed Slope = 0.014 ft/ft 6900.25 -- 1.25 -- -- -- 5,034 0.116 2,847 0.065

Watershed Imperviousness = 24.48% 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 11,013 0.253

Target WQCV Drain Time = 40.0 hours 6901.50 -- 2.50 -- -- -- 12,863 0.295 14,033 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) = 0.243 acre-feet 0.243 acre-feet 6902.75 -- 3.75 -- -- -- 26,815 0.616 37,301 0.856

Excess Urban Runoff Volume (EURV) = 0.507 acre-feet 0.507 acre-feet 6903.00 -- 4.00 -- -- -- 30,422 0.698 44,456 1.021

2-yr Runoff Volume (P1 = 1.19 in.) = 0.337 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.) = 0.474 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.) = 0.597 acre-feet 1.75 inches 6903.75 -- 4.75 -- -- -- 41,243 0.947 71,330 1.638

25-yr Runoff Volume (P1 = 2 in.) = 0.950 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.) = 1.282 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.) = 1.730 acre-feet 2.52 inches 6904.50 -- 5.50 -- -- -- 52,450 1.204 106,417 2.443

500-yr Runoff Volume (P1 = 3 in.) = 2.465 acre-feet 3.00 inches 6904.75 -- 5.75 -- -- -- 56,251 1.291 120,004 2.755

Approximate 2-yr Detention Volume = 0.316 acre-feet 6905.00 -- 6.00 -- -- -- 60,051 1.379 134,542 3.089

Approximate 5-yr Detention Volume = 0.424 acre-feet 6905.25 -- 6.25 -- -- -- 63,851 1.466 150,030 3.444

Approximate 10-yr Detention Volume = 0.535 acre-feet 6905.50 -- 6.50 -- -- -- 67,652 1.553 166,468 3.822

Approximate 25-yr Detention Volume = 0.684 acre-feet 6905.75 -- 6.75 -- -- -- 71,452 1.640 183,856 4.221

Approximate 50-yr Detention Volume = 0.806 acre-feet 6906.00 -- 7.00 -- -- -- 75,252 1.728 202,194 4.642

Approximate 100-yr Detention Volume = 1.023 acre-feet -- -- -- --

-- -- -- --

Define Zones and Basin Geometry -- -- -- --

Zone 1 Volume (WQCV) = 0.243 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.264 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.516 acre-feet -- -- -- --

Total Detention Basin Volume = 1.023 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 
Override 
Area (ft 2)

Length 
(ft)

Optional 
Override 
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area 
(ft 2)

Width 
(ft)

WATERBURY

TEMPORARY POND 2 DP 18

MHFD-Detention, Version 4.03 (May 2020)

Volume 
(ft 3)

Volume 
(ac-ft)

Area 
(acre)

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 03 POND 2 DP 18, Basin 12/16/2020, 5:31 PM



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

2.22 Zone 1 (WQCV) 2.22 Zone 1 (WQCV)

3.06 Zone 2 (EURV) 3.06 Zone 2 (EURV)

4.01 Zone 3 (100-year) 4.01 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.03 (May 2020)
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  Project:

  Basin ID:

Estimated Estimated
Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 2.22 0.243 Orifice Plate

Zone 2 (EURV) 3.06 0.264 Orifice Plate

Zone 3 (100-year) 4.01 0.516 Weir&Pipe (Restrict)

Total (all zones) 1.023

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 ft2

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
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 9.306E-03 ft2

Depth at top of Zone using Orifice Plate = 3.06 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 12.20 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 1.34 sq. inches (diameter = 1-5/16 inches) Elliptical Slot Area = N/A ft2

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 1.02 2.04

Orifice Area (sq. inches) 1.34 1.34 1.34

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 ft2

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 = 3.06 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 3.06 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 = 8.95 N/A
Horiz. Length of Weir Sides = 4.00 N/A feet Overflow Grate Open Area w/o Debris = 11.20 N/A ft2

Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 5.60 N/A ft2

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 = 0.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 1.25 N/A ft2

Outlet Pipe Diameter = 18.00 N/A inches Outlet Orifice Centroid = 0.56 N/A feet
Restrictor Plate Height Above Pipe Invert = 12.00 inches Half-Central Angle of Restrictor Plate on Pipe = 1.91 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= 0.47 feet

Spillway Crest Length = 20.00 feet Stage at Top of Freeboard = 6.47 feet
Spillway End Slopes = 3.00 H:V Basin Area at Top of Freeboard = 1.54 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 3.78 acre-ft

Max Ponding Depth of Target Storage Volume = 3.66 feet Discharge at Top of Freeboard = 140.45 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) = 0.243 0.507 0.337 0.474 0.597 0.950 1.282 1.730 2.465

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.337 0.474 0.597 0.950 1.282 1.730 2.465
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.1 0.3 0.4 3.8 7.5 12.3 19.8

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.01 0.01 0.02 0.17 0.34 0.56 0.90

Peak Inflow Q (cfs) = N/A N/A 3.5 5.0 6.2 11.0 15.3 20.7 29.1
Peak Outflow Q (cfs) = 0.1 0.2 0.2 0.2 0.7 4.4 8.0 10.6 11.6

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.6 1.8 1.2 1.1 0.9 0.6
Structure Controlling Flow = Plate Overflow Weir 1 Plate Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Outlet Plate 1 Outlet Plate 1

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.0 0.4 0.7 0.9 1.0
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) = 37 54 45 53 57 54 51 48 44
Time to Drain 99% of Inflow Volume (hours) = 40 58 48 57 62 60 59 58 55

Maximum Ponding Depth (ft) = 2.22 3.06 2.45 2.86 3.12 3.30 3.43 3.66 4.26
Area at Maximum Ponding Depth (acres) = 0.26 0.39 0.29 0.35 0.41 0.47 0.51 0.59 0.78

Maximum Volume Stored (acre-ft) = 0.245 0.510 0.305 0.438 0.534 0.613 0.676 0.802 1.213

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 4.03 (May 2020)

WATERBURY

TEMPORARY POND 2 DP 18

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 223 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 246 Slope 0.014

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 307 Shape 2.13

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 287

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 313 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 331 0.47

WQ Plate Flow at 100yr depth = 0.22 0.97(diameter = 1-1/8 inches) 50 Year 344

CLOG #1= 35% 1.08(diameter = 1-3/16 inches) 100 Year 367 1 Z1_Boolean

Cdw #1 = 1.15 1.20(diameter = 1-1/4 inches) 500 Year 427 1 Z2_Boolean

Cdo #1 = 1.07 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= 0% 1.59(diameter = 1-7/16 inches) Draintime Running

Cdw #2 = #VALUE! 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

Cdo #2 = #VALUE! 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = #VALUE! 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 8.00 170,000 150

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis
minimum bound
maximum bound

MHFD-Detention, Version 4.00 (December 2019)
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 0.03 0.00 0.07

0:15:00 0.00 0.00 0.23 0.37 0.46 0.31 0.39 0.38 0.52

0:20:00 0.00 0.00 0.84 1.11 1.31 0.83 0.98 1.04 1.30

0:25:00 0.00 0.00 2.40 3.66 4.73 2.23 2.87 3.24 4.43

0:30:00 0.00 0.00 3.39 4.93 6.16 7.31 10.41 12.98 18.83

0:35:00 0.00 0.00 3.46 4.98 6.23 10.35 14.30 19.23 27.02

0:40:00 0.00 0.00 3.31 4.69 5.84 11.03 15.32 20.71 29.15

0:45:00 0.00 0.00 3.05 4.32 5.38 10.53 14.52 20.18 28.63

0:50:00 0.00 0.00 2.83 4.01 4.96 9.92 13.57 18.78 26.96

0:55:00 0.00 0.00 2.62 3.70 4.57 9.06 12.38 17.28 24.77

1:00:00 0.00 0.00 2.45 3.44 4.25 8.29 11.28 15.90 22.82

1:05:00 0.00 0.00 2.31 3.23 4.02 7.63 10.36 14.76 21.32

1:10:00 0.00 0.00 2.15 3.04 3.82 6.98 9.46 13.37 19.35

1:15:00 0.00 0.00 1.98 2.82 3.63 6.37 8.64 12.07 17.47

1:20:00 0.00 0.00 1.82 2.58 3.34 5.74 7.76 10.73 15.50

1:25:00 0.00 0.00 1.66 2.35 3.01 5.14 6.90 9.45 13.61

1:30:00 0.00 0.00 1.52 2.14 2.72 4.53 6.05 8.23 11.81

1:35:00 0.00 0.00 1.42 2.02 2.53 4.00 5.30 7.16 10.27

1:40:00 0.00 0.00 1.36 1.89 2.38 3.62 4.79 6.40 9.17

1:45:00 0.00 0.00 1.30 1.77 2.25 3.33 4.39 5.82 8.29

1:50:00 0.00 0.00 1.25 1.66 2.12 3.08 4.04 5.31 7.52

1:55:00 0.00 0.00 1.15 1.55 1.99 2.84 3.71 4.83 6.81

2:00:00 0.00 0.00 1.06 1.44 1.83 2.61 3.39 4.38 6.14

2:05:00 0.00 0.00 0.93 1.26 1.60 2.30 2.98 3.84 5.37

2:10:00 0.00 0.00 0.80 1.09 1.38 2.00 2.57 3.31 4.63

2:15:00 0.00 0.00 0.68 0.92 1.16 1.70 2.18 2.81 3.91

2:20:00 0.00 0.00 0.57 0.76 0.96 1.41 1.80 2.31 3.21

2:25:00 0.00 0.00 0.46 0.62 0.78 1.14 1.44 1.83 2.54

2:30:00 0.00 0.00 0.36 0.48 0.61 0.87 1.09 1.37 1.88

2:35:00 0.00 0.00 0.28 0.37 0.48 0.64 0.77 0.94 1.27

2:40:00 0.00 0.00 0.23 0.30 0.39 0.45 0.54 0.64 0.86

2:45:00 0.00 0.00 0.19 0.26 0.33 0.34 0.40 0.46 0.62

2:50:00 0.00 0.00 0.16 0.21 0.28 0.27 0.32 0.35 0.46

2:55:00 0.00 0.00 0.14 0.18 0.23 0.22 0.25 0.26 0.34

3:00:00 0.00 0.00 0.11 0.15 0.19 0.17 0.20 0.20 0.26

3:05:00 0.00 0.00 0.10 0.12 0.16 0.14 0.16 0.16 0.19

3:10:00 0.00 0.00 0.08 0.10 0.13 0.12 0.13 0.12 0.15

3:15:00 0.00 0.00 0.07 0.08 0.11 0.09 0.11 0.10 0.12

3:20:00 0.00 0.00 0.05 0.07 0.08 0.08 0.09 0.08 0.09

3:25:00 0.00 0.00 0.04 0.05 0.07 0.06 0.07 0.06 0.07

3:30:00 0.00 0.00 0.03 0.04 0.05 0.05 0.05 0.05 0.06

3:35:00 0.00 0.00 0.02 0.03 0.04 0.04 0.04 0.04 0.04

3:40:00 0.00 0.00 0.02 0.02 0.03 0.03 0.03 0.03 0.03

3:45:00 0.00 0.00 0.01 0.02 0.02 0.02 0.02 0.02 0.02

3:50:00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01

3:55:00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01

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 03 POND 2 DP 18, Outlet Structure 12/16/2020, 5:32 PM



Summary Stage-Area-Volume-Discharge Relationships
The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.
The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Area Area Volume Volume
Total

Outflow

[ft] [ft 2] [acres] [ft 3] [ac-ft] [cfs]

0.00 100 0.002 0 0.000 0.00

0.25 942 0.022 130 0.003 0.02

0.50 1,784 0.041 471 0.011 0.03

0.75 2,626 0.060 1,022 0.023 0.04

1.00 3,468 0.080 1,784 0.041 0.04

1.25 5,034 0.116 2,847 0.065 0.07

1.50 6,600 0.152 4,301 0.099 0.09

1.75 8,166 0.187 6,147 0.141 0.10

2.00 9,732 0.223 8,384 0.192 0.11

2.25 11,297 0.259 11,013 0.253 0.14

2.50 12,863 0.295 14,033 0.322 0.16

2.75 14,429 0.331 17,444 0.400 0.17

3.00 15,995 0.367 21,247 0.488 0.18

3.25 19,602 0.450 25,697 0.590 3.05

3.50 23,209 0.533 31,048 0.713 10.28

3.75 26,815 0.616 37,301 0.856 10.76

4.00 30,422 0.698 44,456 1.021 11.17

4.25 34,029 0.781 52,512 1.206 11.57

4.50 37,636 0.864 61,470 1.411 11.96

4.75 41,243 0.947 71,330 1.638 12.33

5.00 44,850 1.030 82,092 1.885 12.70

5.25 48,650 1.117 93,779 2.153 20.77

5.50 52,450 1.204 106,417 2.443 35.88

5.75 56,251 1.291 120,004 2.755 56.20

6.00 60,051 1.379 134,542 3.089 81.25

6.25 63,851 1.466 150,030 3.444 110.80

6.50 67,652 1.553 166,468 3.822 144.75

6.75 71,452 1.640 183,856 4.221 183.06

7.00 75,252 1.728 202,194 4.642 225.73

MHFD-Detention, Version 4.03 (May 2020)
DETENTION BASIN OUTLET STRUCTURE DESIGN

Stage - Storage
Description

For best results, include the 
stages of all grade slope 
changes (e.g. ISV and Floor) 
from the S-A-V table on 
Sheet 'Basin'. 

Also include the inverts of all 
outlets (e.g. vertical orifice, 
overflow grate, and spillway, 
where applicable).

MHFD-Detention_v4 03 POND 2 DP 18, Outlet Structure 12/22/2020, 6:09 PM



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 9 FSD

Receiving Pervious Area Soil Type Loamy Sand

Total Area (ac., Sum of DCIA, UIA, RPA, & SPA) 84.64 
Directly Connected Impervious Area (DCIA, acres) 11.30

Unconnected Impervious Area (UIA, acres) 22.09

Receiving Pervious Area (RPA, acres) 47.10

Separate Pervious Area (SPA, acres) 4.16

C

CALCULATED RESULTS (OUTPUT)

Total Calculated Area (ac, check against input) 84.645

Directly Connected Impervious Area (DCIA, %) 13.3%

Unconnected Impervious Area (UIA, %) 26.1%

Receiving Pervious Area (RPA, %) 55.6%

Separate Pervious Area (SPA, %) 4.9%

AR (RPA / UIA) 2.132

Ia Check 0.320

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: 0.50

IRF for 5-Year Event: 0.86

IRF for 100-Year Event: 0.88

IRF for Optional User Defined Storm CUHP:

Total Site Imperviousness:  Itotal 39.4%

Effective Imperviousness for WQCV Event: 26.5%

Effective Imperviousness for 5-Year Event: 35.8%

Effective Imperviousness for 100-Year Event: 36.4%

LID / EFFECTIVE IMPERVIOUSNESS CREDITS

WQCV Event CREDIT:  Reduce Detention By: 21.5% 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: 7.7% 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: 39.4% Notes:

Total Site Effective Imperviousness for WQCV Event: 26.5% * Use Green-Ampt average infiltration rate values from Table 3-3.
Total Site Effective Imperviousness for 5-Year Event: 35.8% ** Flood control detention volume credits based on empirical equations from Storage Chapter of USDCM.

Total Site Effective Imperviousness for 100-Year Event: 36.4% *** 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 17, 2020
WATERBURY FILING 1 POND 2
POND 3 Design Point 29 Full Spectrum Detention 76.61 Acres

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) pond 3, IRF 12/17/2020, 1:16 PM



Stormwater Facility Name:

Facility Location & Jurisdiction:

User Input: Watershed Characteristics User Defined User Defined User Defined User Defined

Watershed Slope = 0.022 ft/ft Stage [ft] Area [ft^2] Stage [ft] Discharge [cfs]

Watershed Length = 2265 ft 0.00 100 0.00 0.00

Watershed Area = 84.64 acres 0.25 2,785 0.25 0.10

Watershed Imperviousness = 36.4% percent 0.50 5,470 0.50 0.14

Percentage Hydrologic Soil Group A = 100.0% percent 0.75 8,155 0.75 0.18

Percentage Hydrologic Soil Group B = 0.0% percent 1.00 10,840 1.00 0.20

Percentage Hydrologic Soil Groups C/D = 0.0% percent 1.25 13,525 1.25 0.23

1.50 16,210 1.50 0.25

User Input 17 1.75 18,895 1.75 0.37

2.00 21,580 2.00 0.43

2.25 26,334 2.25 0.48   

2.50 31,088 2.50 0.53

WQCV Treatment Method = 40.00 hours 2.75 35,842 2.75 0.57

3.00 40,596 3.00 0.60

3.25 45,530 3.25 0.73

3.50 50,105 3.50 0.81

3.75 54,895 3.75 0.87

4.00 59,613 4.00 0.93

4.25 62,301 4.25 0.98

4.50 64,989 4.50 1.03

4.75 67,677 4.75 4.39

5.00 70,365 5.00 14.71

5.25 73,504 5.25 28.91

5.50 75,742 5.50 46.13

5.75 78,430 5.75 60.71

6.00 81,118 6.00 62.35

6.25 82,113 6.25 74.47

6.50 83,503 6.50 111.77

6.75 84,696 6.75 163.81

7.00 85,888 7.00 227.74

7.25 87,081 7.25 302.17

After completing and printing this worksheet to a pdf, go to: 7.50 88,274 7.50 386.27

https://maperture.digitaldataservices.com/gvh/?viewer=cswdif 7.75 89,466 7.75 479.48

create a new stormwater facility, and 8.00 90,659 8.00 581.41

attach the pdf of this worksheet to that record.

Routed Hydrograph Results

Design Storm Return Period = WQCV 2 Year 5 Year 10 Year 50 Year 100 Year

One-Hour Rainfall Depth = 0.53 1.19 1.50 1.75 2.25 2.52 in

Calculated Runoff Volume = 1.201 2.198 2.914 3.638 6.209 8.116 acre-ft

OPTIONAL Override Runoff Volume = acre-ft

Inflow Hydrograph Volume = 1.200 2.197 2.913 3.638 6.202 8.109 acre-ft

Time to Drain 97% of Inflow Volume = 38.4 51.9 59.5 63.2 59.5 56.7 hours

Time to Drain 99% of Inflow Volume = 40.7 55.4 63.8 68.2 67.0 65.8 hours

Maximum Ponding Depth = 2.91 3.79 4.30 4.69 5.37 5.74 ft

Maximum Ponded Area = 0.89 1.27 1.44 1.54 1.71 1.80 acres

Maximum Volume Stored = 1.118 2.078 2.770 3.359 4.457 5.103 acre-ft

Location for 1-hr Rainfall Depths (use dropdown):

Workbook Protected Worksheet Protected

Stormwater Detention and Infiltration Design Data Sheet

Waterbury Filing No. 1 & 2 EDB Pond 3 DP 29

Stapleton Dr. & Bandernero Dr Intersection

1715 SDI Design Data Sheet - EDB 3, Design Data 12/22/2020, 5:03 PM

https://maperture.digitaldataservices.com/gvh/?viewer=cswdif


WQCV_Trigger = 1

RunOnce= 1

CountA= 1

Draintime Coeff= 1.0

0 1 2 3

#N/A

#N/A

0 1 2 3
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Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 100 0.002

Selected BMP Type = EDB 6922.25 -- 0.25 -- -- -- 2,785 0.064 360 0.008

Watershed Area = 84.64 acres 6922.50 -- 0.50 -- -- -- 5,470 0.126 1,392 0.032

Watershed Length = 2,265 ft 6922.75 -- 0.75 -- -- -- 8,155 0.187 3,095 0.071

Watershed Length to Centroid = 850 ft 6923.00 -- 1.00 -- -- -- 10,840 0.249 5,470 0.126

Watershed Slope = 0.022 ft/ft 6923.25 -- 1.25 -- -- -- 13,525 0.310 8,515 0.195

Watershed Imperviousness = 36.43% percent 6923.50 -- 1.50 -- -- -- 16,210 0.372 12,232 0.281

Percentage Hydrologic Soil Group A = 100.0% percent 6923.75 -- 1.75 -- -- -- 18,895 0.434 16,620 0.382

Percentage Hydrologic Soil Group B = 0.0% percent 6924.00 -- 2.00 -- -- -- 21,580 0.495 21,680 0.498

Percentage Hydrologic Soil Groups C/D = 0.0% percent 6924.25 -- 2.25 -- -- -- 26,334 0.605 27,669 0.635

Target WQCV Drain Time = 40.0 hours 6924.50 -- 2.50 -- -- -- 31,088 0.714 34,847 0.800

Location for 1-hr Rainfall Depths = User Input 6924.75 -- 2.75 -- -- -- 35,842 0.823 43,213 0.992

6925.00 -- 3.00 -- -- -- 40,596 0.932 52,768 1.211

6925.25 -- 3.25 -- -- -- 45,530 1.045 63,533 1.459

Optional User Overrides 6925.50 -- 3.50 -- -- -- 50,105 1.150 75,488 1.733

Water Quality Capture Volume (WQCV) = 1.200 acre-feet 1.200 acre-feet 6925.75 -- 3.75 -- -- -- 54,895 1.260 88,613 2.034

Excess Urban Runoff Volume (EURV) = 3.200 acre-feet 3.200 acre-feet 6926.00 -- 4.00 -- -- -- 59,613 1.369 102,926 2.363

2-yr Runoff Volume (P1 = 1.19 in.) = 2.401 acre-feet 1.19 inches 6926.25 -- 4.25 -- -- -- 62,301 1.430 118,166 2.713

5-yr Runoff Volume (P1 = 1.5 in.) = 3.254 acre-feet 1.50 inches 6926.50 -- 4.50 -- -- -- 64,989 1.492 134,077 3.078

10-yr Runoff Volume (P1 = 1.75 in.) = 3.937 acre-feet 1.75 inches 6926.75 -- 4.75 -- -- -- 67,677 1.554 150,660 3.459

25-yr Runoff Volume (P1 = 2 in.) = 5.380 acre-feet 2.00 inches 6927.00 -- 5.00 -- -- -- 70,365 1.615 167,915 3.855

50-yr Runoff Volume (P1 = 2.25 in.) = 6.757 acre-feet 2.25 inches 6927.25 -- 5.25 -- -- -- 73,504 1.687 185,899 4.268

100-yr Runoff Volume (P1 = 2.52 in.) = 8.574 acre-feet 2.52 inches 6927.50 -- 5.50 -- -- -- 75,742 1.739 204,555 4.696

500-yr Runoff Volume (P1 = 3 in.) = 11.535 acre-feet 3.00 inches 6927.75 -- 5.75 -- -- -- 78,430 1.801 223,826 5.138

Approximate 2-yr Detention Volume = 2.064 acre-feet 6928.00 -- 6.00 -- -- -- 81,118 1.862 243,770 5.596

Approximate 5-yr Detention Volume = 2.739 acre-feet 6928.25 -- 6.25 -- -- -- 82,113 1.885 264,174 6.065

Approximate 10-yr Detention Volume = 3.392 acre-feet 6928.50 -- 6.50 -- -- -- 83,503 1.917 284,876 6.540

Approximate 25-yr Detention Volume = 4.234 acre-feet 6928.75 -- 6.75 -- -- -- 84,696 1.944 305,900 7.023

Approximate 50-yr Detention Volume = 4.820 acre-feet 6929.00 -- 7.00 -- -- -- 85,888 1.972 327,223 7.512

Approximate 100-yr Detention Volume = 5.678 acre-feet 6929.25 -- 7.25 -- -- -- 87,081 1.999 348,845 8.008

6929.50 -- 7.50 -- -- -- 88,274 2.026 370,764 8.512

Define Zones and Basin Geometry 6929.75 -- 7.75 -- -- -- 89,466 2.054 392,981 9.022

Zone 1 Volume (WQCV) = 1.200 acre-feet 6930.00 -- 8.00 -- -- -- 90,659 2.081 415,497 9.538

Zone 2 Volume (EURV - Zone 1) = 2.000 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 2.478 acre-feet -- -- -- --

Total Detention Basin Volume = 5.678 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

POND 3 DP 29

MHFD-Detention, Version 4.03 (May 2020)

Example Zone Configuration (Retention Pond)

MHFD-Detention_v4 03 POND 3 DP 29 rev, Basin 12/17/2020, 1:16 PM



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

2.99 Zone 1 (WQCV) 2.99 Zone 1 (WQCV)

4.59 Zone 2 (EURV) 4.59 Zone 2 (EURV)

6.05 Zone 3 (100-year) 6.05 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.03 (May 2020)
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  Project:

  Basin ID:

Estimated Estimated
Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 2.99 1.200 Orifice Plate

Zone 2 (EURV) 4.59 2.000 Orifice Plate

Zone 3 (100-year) 6.05 2.478 Weir&Pipe (Restrict)

Total (all zones) 5.678

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 ft2

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
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 4.229E-02 ft2

Depth at top of Zone using Orifice Plate = 4.59 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 18.30 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 6.09 sq. inches (use rectangular openings) Elliptical Slot Area = N/A ft2

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 1.53 3.06

Orifice Area (sq. inches) 6.09 6.09 6.09

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 ft2

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 = 4.59 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 4.59 N/A feet
Overflow Weir Front Edge Length = 6.00 feet Overflow Weir Slope Length = 6.00 feet

Overflow Weir Grate Slope = 0.00 H:V Grate Open Area / 100-yr Orifice Area = 4.27 N/A
Horiz. Length of Weir Sides = 6.00 feet Overflow Grate Open Area w/o Debris = 25.20 N/A ft2

Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 12.60 N/A ft2

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 = 0.10 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 5.90 N/A ft2

Outlet Pipe Diameter = 36.00 N/A inches Outlet Orifice Centroid = 1.28 N/A feet
Restrictor Plate Height Above Pipe Invert = 28.00 inches Half-Central Angle of Restrictor Plate on Pipe = 2.16 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 6.10 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.88 feet

Spillway Crest Length = 60.00 feet Stage at Top of Freeboard = 7.98 feet
Spillway End Slopes = 3.00 H:V Basin Area at Top of Freeboard = 2.08 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 9.48 acre-ft

Max Ponding Depth of Target Storage Volume = 5.75 feet Discharge at Top of Freeboard = 568.73 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) = 1.200 3.200 2.401 3.254 3.937 5.380 6.757 8.574 11.535

Inflow Hydrograph Volume (acre-ft) = N/A N/A 2.401 3.254 3.937 5.380 6.757 8.574 11.535
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.8 1.6 2.2 20.4 40.5 66.1 105.3

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 0.24 0.48 0.78 1.24

Peak Inflow Q (cfs) = N/A N/A 36.6 51.0 62.3 92.6 120.2 155.2 209.7
Peak Outflow Q (cfs) = 0.6 1.0 0.9 1.0 5.9 21.2 38.0 60.7 95.7

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.6 2.7 1.0 0.9 0.9 0.9
Structure Controlling Flow = Plate Overflow Weir 1 Plate Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Outlet Plate 1 Spillway

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.2 0.8 1.5 2.4 2.5
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 62 54 63 65 62 60 58 54
Time to Drain 99% of Inflow Volume (hours) = 40 67 58 68 70 69 68 67 65

Maximum Ponding Depth (ft) = 2.99 4.59 3.92 4.50 4.79 5.12 5.39 5.75 6.41
Area at Maximum Ponding Depth (acres) = 0.93 1.51 1.33 1.49 1.56 1.65 1.71 1.80 1.90

Maximum Volume Stored (acre-ft) = 1.202 3.213 2.241 3.078 3.521 4.051 4.489 5.120 6.349

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.03 (May 2020)

WATERBURY

POND 3 DP 29

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 300 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 393 Slope 0.022

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 460 Shape 1.39

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 451

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 480 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 513 0.88

WQ Plate Flow at 100yr depth = 1.24 0.97(diameter = 1-1/8 inches) 50 Year 540

CLOG #1= 35% 1.08(diameter = 1-3/16 inches) 100 Year 576 1 Z1_Boolean

Cdw #1 = 1.15 1.20(diameter = 1-1/4 inches) 500 Year 642 1 Z2_Boolean

Cdo #1 = 1.07 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= 0% 1.59(diameter = 1-7/16 inches) Draintime Running

Cdw #2 = 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

Cdo #2 = 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = 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 8.00 420,000 570

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 4.00 (December 2019)
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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 0.41 0.04 1.05

0:15:00 0.00 0.00 3.55 5.78 7.24 4.91 6.22 6.07 8.29

0:20:00 0.00 0.00 13.09 17.30 20.59 13.13 15.43 16.56 20.61

0:25:00 0.00 0.00 28.60 41.05 51.54 27.53 34.09 37.78 49.74

0:30:00 0.00 0.00 36.65 50.97 62.26 72.28 95.24 114.32 157.82

0:35:00 0.00 0.00 34.27 46.36 55.82 92.56 120.16 155.22 209.74

0:40:00 0.00 0.00 30.17 39.93 47.69 88.20 114.24 148.92 200.51

0:45:00 0.00 0.00 25.93 34.55 41.27 75.86 97.58 130.36 176.82

0:50:00 0.00 0.00 22.25 30.08 35.45 66.28 84.50 112.23 153.86

0:55:00 0.00 0.00 19.19 25.80 30.31 55.81 70.56 94.82 129.20

1:00:00 0.00 0.00 16.92 22.52 26.70 46.18 57.98 79.53 107.82

1:05:00 0.00 0.00 15.39 20.38 24.34 39.43 49.42 69.13 94.60

1:10:00 0.00 0.00 13.57 18.64 22.31 33.85 42.05 57.65 78.56

1:15:00 0.00 0.00 11.79 16.56 20.30 29.04 35.64 47.27 63.76

1:20:00 0.00 0.00 10.14 14.22 17.65 24.11 29.23 37.40 49.89

1:25:00 0.00 0.00 8.65 12.13 14.65 19.63 23.40 28.58 37.60

1:30:00 0.00 0.00 7.48 10.46 12.26 15.30 17.82 20.87 26.87

1:35:00 0.00 0.00 6.84 9.63 11.04 11.93 13.70 15.36 19.61

1:40:00 0.00 0.00 6.57 8.73 10.33 10.10 11.53 12.39 15.70

1:45:00 0.00 0.00 6.41 7.95 9.82 9.08 10.31 10.71 13.33

1:50:00 0.00 0.00 6.31 7.39 9.46 8.44 9.54 9.62 11.79

1:55:00 0.00 0.00 5.64 6.96 9.02 8.00 9.02 8.88 10.76

2:00:00 0.00 0.00 4.98 6.48 8.28 7.72 8.69 8.35 10.02

2:05:00 0.00 0.00 3.90 5.10 6.48 6.08 6.81 6.43 7.64

2:10:00 0.00 0.00 2.93 3.81 4.82 4.49 5.01 4.69 5.55

2:15:00 0.00 0.00 2.20 2.85 3.58 3.33 3.72 3.47 4.09

2:20:00 0.00 0.00 1.64 2.12 2.64 2.47 2.75 2.58 3.04

2:25:00 0.00 0.00 1.21 1.55 1.93 1.80 2.00 1.88 2.20

2:30:00 0.00 0.00 0.87 1.10 1.39 1.29 1.42 1.35 1.57

2:35:00 0.00 0.00 0.62 0.78 1.00 0.93 1.03 0.97 1.13

2:40:00 0.00 0.00 0.42 0.54 0.69 0.65 0.72 0.67 0.78

2:45:00 0.00 0.00 0.26 0.36 0.44 0.43 0.46 0.43 0.49

2:50:00 0.00 0.00 0.14 0.21 0.25 0.25 0.26 0.24 0.27

2:55:00 0.00 0.00 0.06 0.10 0.11 0.12 0.12 0.11 0.11

3:00:00 0.00 0.00 0.02 0.03 0.03 0.03 0.03 0.03 0.02

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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Summary Stage-Area-Volume-Discharge Relationships
The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.
The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Area Area Volume Volume
Total

Outflow

[ft] [ft 2] [acres] [ft 3] [ac-ft] [cfs]

0.00 100 0.002 0 0.000 0.00

0.25 2,785 0.064 360 0.008 0.10

0.50 5,470 0.126 1,392 0.032 0.14

0.75 8,155 0.187 3,095 0.071 0.18

1.00 10,840 0.249 5,470 0.126 0.20

1.25 13,525 0.310 8,515 0.195 0.23

1.50 16,210 0.372 12,232 0.281 0.25

1.75 18,895 0.434 16,620 0.382 0.37

2.00 21,580 0.495 21,680 0.498 0.43

2.25 26,334 0.605 27,669 0.635 0.48

2.50 31,088 0.714 34,847 0.800 0.53

2.75 35,842 0.823 43,213 0.992 0.57

3.00 40,596 0.932 52,768 1.211 0.60

3.25 45,530 1.045 63,533 1.459 0.73

3.50 50,105 1.150 75,488 1.733 0.81

3.75 54,895 1.260 88,613 2.034 0.87

4.00 59,613 1.369 102,926 2.363 0.93

4.25 62,301 1.430 118,166 2.713 0.98

4.50 64,989 1.492 134,077 3.078 1.03

4.75 67,677 1.554 150,660 3.459 4.39

5.00 70,365 1.615 167,915 3.855 14.71

5.25 73,504 1.687 185,899 4.268 28.91

5.50 75,742 1.739 204,555 4.696 46.13

5.75 78,430 1.801 223,826 5.138 60.71

6.00 81,118 1.862 243,770 5.596 62.35

6.25 82,113 1.885 264,174 6.065 74.47

6.50 83,503 1.917 284,876 6.540 111.77

6.75 84,696 1.944 305,900 7.023 163.81

7.00 85,888 1.972 327,223 7.512 227.74

7.25 87,081 1.999 348,845 8.008 302.17

7.50 88,274 2.026 370,764 8.512 386.27

7.75 89,466 2.054 392,981 9.022 479.48

8.00 90,659 2.081 415,497 9.538 581.41

For best results, include the 
stages of all grade slope 
changes (e.g. ISV and Floor) 
from the S-A-V table on 
Sheet 'Basin'. 

Also include the inverts of all 
outlets (e.g. vertical orifice, 
overflow grate, and spillway, 
where applicable).

DETENTION BASIN OUTLET STRUCTURE DESIGN

Stage - Storage
Description

MHFD-Detention, Version 4.03 (May 2020)
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HEC-RAS ANALYSIS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







































































































































































































































































































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DRAINAGE MAPS 

 

dsdrice
Text Box
Provide existing conditions drainage plan.

Provide pre-development grading drainage plan
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DUAL 42" RCP
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POND 1

(0.324 AC-FT. WQCV)
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(3:1 SLOPES / 6.5' MAX. DEPTH)
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EPC Stormwater - Glenn Reese
SW - Comment
Revise to Sheet 2 of 2 and move to below Sheet 1

EPC Stormwater - Glenn Reese
SW - Comment
Does this pond have a number/name? Page 12 of the report above calls this Pond 3. But there is already a Pond 3 at DP29. Revise report and map as necessary to clarify. 

Add a leader line that points from text box to pond. 

EPC Stormwater - Glenn Reese
SW - Comment
Discuss this basin in the report text above. On page 12 it states that this basin's runoff is trib to Pond 1. But this basin is shown outside of the pink area that shows what area is trib to a pond. So which is it? Revise text and map to clarify. 

EPC Stormwater - Glenn Reese
SW - Comment
Since this basin is trib to the Pond at DP 13, shouldn't it be inside of a pink linetype? 

EPC Stormwater - Glenn Reese
SW - Comment
Discussion of Basin P not seen in report text. Discuss in text. 

EPC Stormwater - Glenn Reese
SW - Comment
Add a leader line that points from text box to pond
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Existing?  Show easement and property lines
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Show the improvements
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Show the entire maintenance road
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Callout
Consider moving the overflow spillways north (less drop to channels)
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Callout
This does not meet current requirements.

dsdrice
UAL 42" RCP
CULVERTS
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Callout
Triple 36"?
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