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MASTER DEVELOPMENT DRAINAGE PLAN FOR 
ENCLAVES AT MOUNTAIN VISTA EAST 

 
 

PURPOSE  
 
This document is intended to serve as the Master Development Drainage Plan for Enclaves at Mountain 
Vista East.  The parcel is currently zoned by El Paso County as PUD PK SS AO, PUD R5/CR R1-6 SS 
AO, and R5/CP PBC/CR R1-6 PU with plans to rezone to mixed-use PUD.  Upon rezone, the proposed 
principal uses for the site is anticipated to be commercial, multi-density residential, and parks and open 
space.   The primary purpose of this report at this time is provide ample information to support the master 
plan and concept plan amendment and to establish concept drainage infrastructure ensure that post 
development runoff can be routed through the site safely and in a manner that satisfies the requirements 
set forth by the El Paso County and City of Colorado Springs Drainage Criteria Manual.  Preliminary and 
final drainage reports shall be required with a submittal of the final plat and an amendment to this 
document is likely upon determination of a site specific development plan.   
 
It is important to note that at the time of the writing of this report, the preliminary design for Marksheffel 
Roadway and the offsite parcels to the north of the site were being evaluated by other consultants.  
Discussions with the City of Colorado Springs and the adjacent property owners and their consultants 
regarding the proposed drainage patterns, infrastructure, outfall(s) and water quality treatment and 
detention storage for these areas are ongoing and may be furthered by this report with its subsequent 
resubmittal.  Final Drainage Reports will be required for the development of each portion of this project.  
 
GENERAL LOCATION AND DESCRIPTION  
 
Enclaves at Mountain Vista East is located east of the intersection of Marksheffel Road and Barnes 
Road, that is located in the south half (S 1/2) of Section 21, the southwest quarter of the southwest 
quarter (SW 1/4, SW 1/4) of Section 22, the northwest quarter of the northwest quarter (NW 1/4, NW 
1/4) of section 27, and the north half of the northeast quarter (N 1/2, NE 1/4) of Section 28, Township 13 
South, Range 65 West of the 6th Principal Meridian, Colorado Springs, El Paso County, Colorado.   
 
The site is bound on the north by unplatted land owned by the City of Colorado Springs – Rec. No. 
96020361 and by unplatted land owned by BLH No. 2 LLC  (Rec. Nos. 214104176, 214104176, 
211026733), to the east by unplatted land owned by BLH No. 1 LLC  (Rec. Nos. 2214104174, to the 
south by unplatted land owned by BLH No. 1 LLC (Rec. No. 215057836) and BLH No. 2 LLC (Rec. No. 
214101175) as well as portions of Enclaves at Mountain Vista Ranch Filing No. 6 (Rec No. 220714553) 
and unplatted Land owned by the Falcon Trucking Company (Rec No. 96020361) and the City of 
Colorado Springs.   The site is bound to the west by the East Fork Sand Creek sub-tributary whose 
revised limits are currently being dedicated to the City of Colorado Springs from Challenger 
Communities with the recordation of Enclaves at Mountain Vista Filing No.7 subdivision.    
 
The parcel is located within the Sand Creek Drainage Basin.  Drainage flows from this site are tributary 
East Fork Sand Creek Sub-tributary (EFSCST) which discharges into Sand Creek. 
 
Enclaves at Mountain Vista East consist of 184.292 acres and is presently undeveloped. Vegetation is 
sparse, consisting of native grasses.  Existing site terrain generally slopes from north to south with 
existing slopes generally vary between 1 and 10%.  A portion of the site, east of the existing channel was 
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utilized as a dirt “borrow” site to provide earthen material for the construction of the existing Enclaves 
developments located to the west of the channel.  
 
There are existing large overhead electric lines which parallel the west leg of the site and also run north 
and south along the east bank of the existing channel.  An 18” sanitary sewer line runs parallels to the 
EFSCST.    Existing gas, water and fiber optic water lines run along the west side of the site adjacent to 
existing Marksheffel Road.  Existing sanitary sewer and water lines run under existing graphite drive 
along the west boundary of the site.  Existing sanitary and waterline stubs are provided within the street 
terminus of the adjacent Enclaves at Mountain Vista Ranch Filings No. 6 and a waterline stub also 
crosses the existing channel along the southern boundary of the site from Enclaves at Mountain Vista 
Ranch Filing No. 7 subdivision. 
 
There are no known irrigation facilities on site.   
 
The proposed development for the site include paved streets, sidewalks, single-family homes, 
Townhomes, commercial buildings, full spectrum detention ponds, and wet/dry utilities as normally 
constructed for those land uses.  A total of Seven (7) full spectrum detention ponds are anticipated to be 
necessary to provide water quality treatment and detention for the proposed development.   
 
The portion of the development immediately adjacent to the East Fork Sand Creek Sub-tributary is within 
the Streamside Overly Zone, thus poses possible impacts on streamside vegetation filtration, stream 
canopy cover, and soil erosion.  To remain in compliance and maintain normal water conditions for the 
stream, several measures will be taken.  Swales consisting of landscape vegetation will be used throughout 
the site for the purpose of runoff water filtration.  Slope conditions and residual ground cover will remain 
similar to that under normal conditions.  In addition, water released from the site to the stream, will be 
released at a rate similar to that under normal conditions in order to minimize soil erosion.  Canopy cover 
and shade conditions for the stream will not be altered by site development.  
 
WETLANDS 
 
There are no apparent wetlands within the boundary of this project, as it is mostly outside of the existing 
100-year floodplain.  The design of the channel improvements for the EFSCST that proceed this report 
confirmed that no wetlands were present within the existing floodplain area.  (See Appendix) 
 
CHANNEL IMPROVEMENTS 
 
The proposed project is adjacent to the East Fork Sand Creek Sub-tributary (EFSCST) drainageway.  In 
accordance with the Sand Creek Drainage Basin Planning Study (DBPS) channel improvements are 
required as a part of the overall development. (Refer to Proposed Drainage Characteristics Section of this 
report for additional discussion).  The construction of the channel improvements have been completed 
south of Barnes Road and are in the process of City inspection. The construction plans and design report 
for the box culvert (at the Barnes Road crossing) and transitions upstream and downstream of the box 
culvert and coordination with FEMA are ongoing at the time of writing this report (December 2022). 
 
SOILS  
 
Soils in the study area where delineated using “Web Soil Survey”, a web-based soil database provided by 
the U.S. Department of Agriculture (USDA)’s, Natural Resources Conservation Service. Soils for this 
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project are delineated by the map in the appendix as Blakeland Loamy Sand (8), Blendon Sandy Loam 
(10), Bresser Sandy Loam (12), and Truckton Sandy Loam (97).  The soil types have been characterized as 
Hydrologic Soil Types "A” and “B”.  An exhibit within the appendix has been provided which illustrates 
these descriptions and classifications. 
 
HYDROLOGIC CALCULATIONS  

Hydrologic calculations were performed using the City of Colorado Springs Storm Drainage Design 
Criteria manual and where applicable the Urban Storm Drainage Criteria Manual.  The Rational Method 
was used to estimate storm water runoff anticipated from design storms with 5-year and 100-year 
recurrence intervals. 
 
HYDRAULIC CALCULATIONS  
 
Hydraulic calculations were estimated using the Manning's Formula and the methods described in the City 
of Colorado Springs Storm Drainage Design Criteria manual. The relevant data sheets are included in the 
Appendix of this report.  Detailed hydraulic calculations, including HGLs, inlet sizing, and swale 
calculations will be included in subsequent Final Drainage Report(s).  
 
FLOODPLAIN STATEMENT  
 
According to the Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM) 
Panel No. 08041C0543 G, effective date December 7, 2018, the site DOES lie within a flood zone.  An 
annotated FIRM Panel is included in the Appendix with an outline of the project site.    
 
In 2021-2022 channel improvements along the lines of those recommended by the Sand Creek Drainage 
Basin Planning Study (SCDBPS), were required as a portion of the development of Enclaves at Mountain 
Vista Filing No.7 which functioned to alter the existing floodplain.   
 
As a portion of the project a FEMA Conditional Letter of Map Revision (CLOMR) application (FEMA 
Case Number 21-08-0133R) was submitted to FEMA and approved on July 14th of 2021 to allow for the 
installation of approximately 3200’ of constructed natural channel that bounds the subject site. 
 
The construction of proposed Barnes Road, proposed box culvert and associated transitions will once again 
alter the existing floodplain.  As such, an additional CLOMR will be required for channel improvements 
associated with the road crossing.  The 100 year effective and proposed floodplains have been provided on 
the Proposed Conditions Drainage Map, which is provided in the appendix of this report 
 
This analysis completed by Wilson &Company, Inc. set the FEMA effective 100 year flow rate of 1,150 
cfs for the subject reach.   
 
DRAINAGE CRITERIA  
 
This drainage analysis has been prepared in accordance with the current City of Colorado Springs 
Drainage Criteria Manual (last revised January 2021).   Calculations were performed to determine runoff 
quantities for the 5-year and 100-year frequency storms for developed conditions using the Rational 
Method as required for basins having areas less than 100 acres. See Appendix for calculations.  
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EXISTING DRAINAGE CONDITIONS  

The existing undeveloped parcel consists of sparsely vegetated native grassland consistent with common 
agricultural grazing land.  Refer to the “Existing Conditions Drainage Map” in the “Drainage Maps” 
Appendix.   The site is bisected by an existing channel for the purposes of this report will function to 
separate the subject site into and eastern and western halves. The western half of the site is impacted by 
offsite undeveloped watershed located to the north of future Barnes roads.  Grades to the west/southwest 
range between 2 and 10%.  A very small segment of the existing property drains to the Marksheffel 
corridor as sheet flow which enters the falcon trucking site.  While the remainder of the west side of the 
site is split between minor flows entering the east half of the “Falcon Trucking” property (Southeast 
Corner of Barnes and Marksheffel Road) and EMV Filing No.6, while the larger segment of future 
roadway and residential development is diverted by an earthen swale which directs much of the offsite 
flows to the adjacent channel via the Enclaves Filing No.7 storm sewer improvements and full spectrum 
detention facility.   
 
The eastern segment of the property is divided by a ridgeline which separates runoff that drains directly to 
the EFSCST from runoff which is conveyed south overland.  Grades on the embankment slopes range 
between 2 and 20%, while atop the embankment slopes, the grade flattens somewhat typically ranging 
between 0.5 and 10%.   Runoff developed on the plateau are conveyed to south boundary where discharge 
at three natural swales.  Flows leaving the site eventually tie back into with flows conveyed to the EFSCST 
due to an existing railroad embankment.   There are no formal drainage improvements in these 
undeveloped areas. 
 
The existing EFSCST channel within the project reach drains north to south.  In May of 2021, the City of 
Colorado Springs approved Wilson & Company’s design for the Enclaves at Mountain Vista Sand Creek 
East Fork Sub-tributary Channel Project which functioned to flatten approximately 3180 feet of EFSCST 
by flattening the channel profile from its existing 1.2% to the design gradient of 0.2% by constructing 
seven (7) grouted boulder drop structures.   The typical section of channel between the drop structures 
included a low flow bottom, 25 foot wide and 1.5 foot deep with 4:1 low flow side slopes and 25 foot 
overbank widths on either side of the low flow section of the channel.  The overbanks sloped to the center 
of the channel at 50:1. The channel outer banks were sloped at 4:1.  Construction of these improvements 
had been completed in early summer of 2022; a LOMR for the improvements is anticipated to be approved 
in early 2023.   
 
Existing Conditions Detailed Drainage Discussion 
 
Design Point 1  
Offsite 14.85-acre Basin E1 (Q5=3.3 cfs, Q100=24.4 cfs) and onsite 20.23-acre Basin E2 (Q5=4.7 cfs, 
Q100=34.2 cfs) are native grassed, undeveloped, west-facing hillside lands and floodplain fringe located 
just to the east of the EFSCST.  The combined runoff from the two basins is conveyed via an earthen swale 
to DP1 (Q5=6.0 cfs, Q100=44.2 cfs) where flows reach the channel via the embankment of a grouted 
boulder drop structure. 
 
Design Point 2  
Basin E3 consists of approximately 5.71 acres of native grassed, undeveloped, west-facing hillside lands 
and floodplain fringe located just to the east of the EFSCST.   Sheet flow runoff from the basin (Q5=1.6 
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cfs, Q100=11.9 cfs) is conveyed via an earthen swale to DP2 (Q5=1.6 cfs, Q100=11.9 cfs) where flows 
reach the channel via the embankment of a grouted boulder drop structure. 

 
Design Point 3  

Basin E4 consists of approximately 3.78 acres of native grassed, undeveloped, west-facing hillside lands 
and floodplain fringe located just to the east of the EFSCST.   Sheet flow runoff from the basin (Q5=1.0 
cfs, Q100=7.7 cfs) is conveyed via an earthen swale to DP3 (Q5=1.0 cfs, Q100=7.7 cfs) where flows 
reach the channel via the embankment of a grouted boulder drop structure. 
 
Design Point 4  
Basin E5 consists of approximately 10.47 acres of native grassed, undeveloped, west-facing hillside lands 
and floodplain fringe located just to the east of the EFSCST.   Sheet flow runoff from the basin (Q5=2.6 
cfs, Q100=19.3 cfs) is conveyed via an earthen swale to DP4 (Q5=2.6 cfs, Q100=19.3 cfs) where flows 
reach the channel via the embankment of a grouted boulder drop structure. 
 
Design Point 5  
Basin E6 consists of approximately 4.99 acres of native grassed, undeveloped, west-facing hillside lands 
and floodplain fringe located just to the east of the EFSCST.   Sheet flow runoff from the basin (Q5=1.3 
cfs, Q100=9.7 cfs) is conveyed via an earthen swale to DP5 (Q5=1.3 cfs, Q100=9.7 cfs) where flows 
reach the channel via the embankment of a grouted boulder drop structure. 
 
Design Point 6  
Basin E7 consists of approximately 5.94 acres of native grassed, undeveloped, west-facing hillside lands 
and floodplain fringe located just to the east of the EFSCST.   Runoff from the basin (Q5=1.5 cfs, 
Q100=11.0 cfs) sheet flows to the existing channel DP6 (Q5=1.5 cfs, Q100=11.0 cfs). 
 
Basins E1-E7 are all partially bisected by an 18” CSU sanitary sewer line and accompanying 75’ utility 
easement, a maintenance and access road, and a high voltage overhead electric line and 100’ utility 
easement that generally parallel the channel. 
 
Design Point 7  
Offsite 33.82-acre Basin E8 (Q5=6.3 cfs, Q100=46.5 cfs) and onsite 39.03-acre Basin E9 (Q5=5.1 cfs, 
Q100=37.1 cfs) are native grassed, watersheds located in central portion of the eastern side of the site.     
The combined runoff from the two basins is conveyed via a naturally occurring wide earthen swale to DP7 
(Q5=7.4 cfs, Q100=54.2 cfs) at the southern boundary of the site.   Runoff continues offsite, where it’s 
redirected to the east by a railroad embankment before returning to the EFSCST. 
 
Design Point 8  
Offsite 20.28-acre Basin E10 (Q5=4.2 cfs, Q100=31.1 cfs) and 8.43-acre onsite Basin E11 (Q5=2.0 cfs, 
Q100=14.6 cfs) are native grassed, watersheds located in eastern side of the site.     The combined runoff 
from the two basins is conveyed via a naturally occurring wide earthen swale to DP8 (Q5=2.1 cfs, 
Q100=39.9 cfs).    
 
Design Point 9  
Basin E12 consists of approximately 39.47 acres of native grassed, undeveloped land located within the 
south-central portion of the site.   Runoff from the basin (Q5=9.5 cfs, Q100=48.9 cfs) combines with 
flows from DP8 within a naturally occurring wide earthen swale that conveys flows to the southern 
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boundary at DP9 (Q5=9.1 cfs, Q100=66.5 cfs).   Runoff continues offsite, where it’s redirected to the east 
by a railroad embankment before returning to the EFSCST. 
 
 
Design Point 10  
Offsite 4.42-acre Basin E13 (Q5=1.2 cfs, Q100=7.0 cfs) and 1.40-acre onsite Basin E14 (Q5=0.3 cfs, 
Q100=2.3 cfs) are native grassed, watersheds located along the eastern side of the site.     The combined 
runoff from the two basins is conveyed to the eastern boundary and discharged offsite via a naturally 
occurring wide earthen swale to DP10 (Q5=1.1 cfs, Q100=8.3 cfs).   Runoff continues offsite, where it’s 
eventually redirected back to the east by a railroad embankment and returned to the EFSCST. 
 
Design Point 11  
Onsite 1.48-acre Basin E15 (Q5=0.4 cfs, Q100=2.8 cfs) and onsite 24.51-acre Basin E16 (Q5=4.9 cfs, 
Q100=36.2 cfs) are native grassed, watersheds located along the eastern side of the site.  The combined 
runoff from the two basins is conveyed via a naturally occurring wide earthen swale to DP11 (Q5=4.6 cfs, 
Q100=33.4 cfs) at the southern boundary of the site.   Runoff continues offsite, where it’s redirected to the 
east by a railroad embankment before returning to the EFSCST. 
 
Design Point 12  
Offsite 0.56-acre Basin W1 (Q5=0.1 cfs, Q100=1.1 cfs) and onsite 1.53-acre Basin W2 (Q5=0.4 cfs, 
Q100=3.3 cfs) are native grassed, undeveloped lands located east of Marksheffel along the west end of the 
site.  The combined runoff from the two basins is discharged as sheet flow at DP12 (Q5=0.5 cfs, 
Q100=3.9 cfs). 
 
Design Point 13  
Onsite 0.87-acre Basin W3 (Q5=0.3 cfs, Q100=2.1 cfs) is native grassed, undeveloped lands located north 
of the unplatted Falcon Trucking Filing No.1 parcel along the west end of the site.  Flows discharge as 
sheet flow are collected by an existing temporary swale located along the west edge of the Enclaves Filing 
No. 5 and 6 Filings at DP13 (Q5=0.3 cfs, Q100=2.1 cfs).   
 
Design Point 14  
Onsite 1.00-acre Basin W4 (Q5=0.3 cfs, Q100=2.4 cfs) is native grassed, undeveloped lands located north 
of the Enclaves at Mountain Vista Filing No. 6 parcel along the west end of the site.  Flows discharge as 
sheet flow to a tract of land north of Filing 6 at DP14 (Q5=0.3 cfs, Q100=2.4 cfs).   
 
Design Point 15  
Offsite 19.36-acre Basin W5 (Q5=4.5 cfs, Q100=32.8 cfs) and 4.51-acre onsite Basin W6 (Q5=0.9 cfs, 
Q100=6.5 cfs) are native grassed watersheds located up-gradient and along the central portion of the side 
of the site.  The combined runoff at DP15 (Q5=5.2 cfs, Q100=38.0 cfs) from the two basins is conveyed 
via a temporary earthen swale constructed during the construction of EMV Filing 6.   
 
Design Point 16  
Offsite Basin W7 (Q5=5.1 cfs, Q100=37.5 cfs) consists of approximately 24.49 acres of native grassed, 
undeveloped land located north of the subject site and west of the EFSCST.   Onsite Basin W8 (Q5=9.2 
cfs, Q100=36.2 cfs) consists of approximately 18.66 acres that consists of developed lots located within 
the northern portion of Enclaves at Mountain Vista Filing No. 6 and pastureland located north of the 
development.  The combined runoff from Basins W7, W8 and DP 15 (Q5=5.2 cfs, Q100=38.0 cfs) 
culminate at DP16, an existing full spectrum detention pond (Pond 401).  Flows released from the existing 
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full spectrum pond to the EFSCST thru the existing 24” RCP are approximated at Q5=13.3 cfs, 
Q100=76.8 cfs. 
 
Design Point 17  
Offsite 1.68-acre Basin W9 (Q5=0.4 cfs, Q100=2.9 cfs) and 3.47-acre onsite Basin W10 (Q5=0.7 cfs, 
Q100=5.1 cfs) are native grassed, watersheds located along the eastern side of the site.  Runoff from DP17 
(Q5=1.0 cfs, Q100=7.5 cfs) is conveyed via an earthen swale to DP5 (Q5=1.3 cfs, Q100=9.7 cfs) where 
flows reach the channel via the embankment of a grouted boulder drop structure.  

 
FOUR STEP PROCESS  
 
The following steps shall be utilized with the proposed developments within the Master Plan of Enclaves 
at Mountain Vista Ranch East.   All future Final Drainage (FDR) reports will be required to meet all 
current City of Colorado Springs Criteria associated with the Four Step Process at the time of writing of 
each FDR. 
 
Step 1 Employ Runoff Reduction Practices. Whenever possible roof drains will be directed to vegetated 
landscaping buffer areas and islands prior to release to streets aiding in minimizing direct connection of 
impervious surfaces.  Runoff Reduction (UD-BMP v.3.07, or most current) worksheets for determining the 
effective impervious area and water quality reduction values will be required within subsequent drainage reports.  
 
Step 2 Implement Control Measures (CM) that provide a water quality capture volume with slow 
release. – Several Full Spectrum Detention basins are being proposed across the site to collect and treated 
developed runoff.  This facility will restrict discharge rates to predevelopment rates and slowly release the 
Water Quality volume over 40 hours and the EURV storm event over 72 hours. Future Final Drainage 
Reports will be required to meet all current City Criteria associated with the Four Step Process at the time the 
writing of those individual reports.  
 
Step 3 Stabilize streams.   The proposed project is anticipated to construct improvements to the East Fork 
Sand Creek Sub-tributary which are to include the installation of a concrete box culvert; soil riprap lined 
embankments and grouted boulder drop structures at the future crossing of Barnes Road.  These 
improvements will function to protect the roadway and limit erosion.   
 
The developer of Enclaves East, at the time of the writing of this report, has constructed channel 
improvements south of Future Barnes in accordance with the Sand Creek DBPS (which includes channel 
lining and drop structures) that protect the west boundary of Enclaves East development.  Refer to Enclaves 
at Mountain Vista Sand Creek East Fork Subtributary Channel Project – Channel Design Report and Plans 
by Wilson & Company dated December 2020 for additional details.       
 
It should be noted that the minor increases to the amount of frequent discharge to the downstream tributaries, 
provided by the subject site and adjacent developments should be of benefit by providing water to existing 
vegetation which provides habitat and functions to stabilize the existing channel banks and channel bed.    
 
Step 4 Implement site specific and other source control CM. – The proposed development will 
implement a Stormwater Management Plan including property housekeeping practices and spill 
containment procedures.  Material storage (such as backfill stockpiles or landscape materials), during 
construction are to be located away from drainage facilities.  Designated Fueling areas and trash 
enclosures are to be placed in locations where they can be easily source.  
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PROPOSED DRAINAGE CHARACTERISTICS  
 
General Concept Drainage Discussion 
 
The proposed drainage plan evaluates proposed flow patterns and recommends infrastructure and facility 
sizing for the project based upon conceptual grading for commercial, multi-family and single-family 
residential development.  The development planned for the site is anticipated to include asphalt and curb 
and guttered roadways, parking lots, retaining walls, and building structures consistent with single and 
multifamily residential and commercial development.   In addition to open space and landscaping seven 
full spectrum detention and water quality ponds are anticipated to be constructed.  
 
The proposed site will continue to mimic existing general drainage patterns with proposed drainage being 
directed to the south and when applicable to the adjacent improved channel.  Conceptual storm sewer 
main lines have been extended to areas for collection of runoff and directed to the FSD ponds.  The 
construction of a concrete box culvert and riprap protection will be constructed to convey runoff 
underneath proposed Barnes Road.  Facilities at the far west end of the project are anticipated to be 
completed by others (City improvements to Marksheffel Road and Barnes Road intersection) and 
discussion is ongoing at the time of the writing of this report.  Refer to the “Proposed Conditions Drainage 
Map” in the “Drainage Map” Appendix.   
 
Proposed Conditions Detailed Drainage Discussion  
 
Design Point 1  
Offsite 33.82-acre Basin E1 (Q5=6.4 cfs, Q100=47.2 cfs) consists of undeveloped pastureland covered 
with sparse native grasses which is located to the north of proposed Barnes Road east of the high voltage 
overhead power lines and easement.  A proposed 36” storm drain (PR1) is recommended to be extended 
under the roadway to collect flows from the offsite watershed at DP1 (Q5=6.4 cfs, Q100=47.2 cfs).  An 
easement from the adjacent property owner may be necessary to construct the improvement should it need 
to extend outside the rights of way.  Future development of the offsite area will require a detention facility 
to restrict flows to the predevelopment levels. 
 
Design Point 2  
Offsite 24.70-acre Basin E2 (Q5=4.3 cfs, Q100=31.3 cfs) consists of undeveloped pastureland covered 
with sparse native grasses which is located to the north of proposed Barnes Road and the northeast corner 
of the subject site.  Runoff from the watershed is recommended to be collected and conveyed by a 
berm/swale to a localized low point along the northern embankment of proposed Barnes Road.  A 
proposed 30” storm drain (PR2) is recommended to be extended under the roadway to collect flows from 
the offsite watershed at DP2 (Q5=4.3 cfs, Q100=31.3 cfs).  A public proposed 42” sewer (PR3) will 
collect the combined runoff carried within Pipes Runs 1 and 2 (Q5=10.1 cfs, Q100=74.2 cfs).  An 
easement from the adjacent property owner may be necessary to construct the improvement should it need 
to extend outside the rights of way.  Future development of the offsite area will require a detention facility 
to restrict flows to the predevelopment levels. 
 
Design Point 3  
Basin E3 (Q5=26.7 cfs, Q100=50.0 cfs) consists of 8.34 acres of proposed Barnes Road right-of-way.  A 
proposed 36” storm drain (PR4) Q5=26.7, Q100=50.0, is recommended to be extended under the roadway 
to collect flows reaching the low point.   
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Design Point 4  
Basin E4 (Q5=40.6 cfs, Q100=74.0 cfs) a 10.41-acre parcel which is to be developed into commercial 
property or detached multi-family residential use.  Runoff from this basin shall be conveyed to a proposed 
full spectrum detention pond where it combines with the flows conveyed within PR4.   The total peak 
runoff anticipated to reach FSD Pond 1 at DP4 is Q5 =61.2 cfs, Q100 =112.9 cfs.  The private full 
spectrum detention pond will discharge runoff at predevelopment flow rates and drain the water quality 
volume and excess urban runoff volume over 40 hours and 72 hours respectively.  A proposed 24” storm 
drain will convey the peak flows released from the pond (PR5) of 0.8 cfs and 21.6 cfs in the 5-year and 
100-year events respectively.  Flows discharged from the pond and PR3 continue south underground via a 
42” storm drain (PR6) at Q5 =8.5 cfs and Q100 =84.1 cfs.  Refer to the drainage facility design section of 
the report for additional information regarding the facility.   
 
Design Point 5  
Basin E5 (Q5=33.7 cfs, Q100=75.4 cfs) consists of approximately 20.10 acres of future single family 
residential property and roadways planned for southeastern side of the subject site.   Runoff produced by 
the basin will be directed to a proposed full spectrum detention pond located just up-gradient to the 
southern boundary.  The total peak runoff anticipated to reach FSD Pond 2 at DP5 is Q5 = 33.7 cfs, 
Q100 = 75.4 cfs.  The private full spectrum detention pond will discharge to predevelopment flow rates 
and drain the water quality volume and excess urban runoff volume over 40 hours and 72 hours 
respectively.  Refer to drainage facility design section of the report for additional information regarding 
the proposed facility.    
 
Design Point 6  
A proposed 18” storm drain will convey the flows released from the FSD Pond 1 (PR7) at peak rates of 
0.6 cfs and 11.6 cfs in the 5-year and 100-year events respectively.  Existing condition flow rates at this 
location were determined to be 4.6 cfs and 33.4 cfs in the 5 and 100-year events respectively. 
 
Design Point 7  
Basin E6 (Q5=35.0 cfs, Q100=78.3 cfs) consists of approximately 22.41 acres of future single family 
residential property and roadways planned for southeastern side of the subject site.   Runoff produced by 
the basin will be directed to a proposed full spectrum detention pond located just up-gradient to the 
southern boundary.  The total peak runoff anticipated to reach FSD Pond 3 at DP7 is Q5 = 35.0 cfs, 
Q100 = 78.3 cfs.  The private full spectrum detention pond will discharge runoff at predevelopment flow 
rates and drain the water quality volume and excess urban runoff volume over 40 hours and 72 hours 
respectively.  Refer to drainage facility design section of the report for additional information regarding 
the proposed facility. 
 
Design Point 8  
A proposed 18” storm drain will convey flows released from the FSD Pond 3 (PR8) at peak rates of 0.8 
cfs and 16.7 cfs, where they will combine with flows conveyed in PR6 (Q5=8.5 cfs, Q100=84.1 cfs) 
from Pond 1.   The total combined flow to be released at the southern boundary through PR9, at DP8, 
has been estimated at 8.3 cfs and 92.3 cfs in the 5-year and 100-year events respectively.  Existing 
condition release at this location was determined to be 9.1 cfs and 66.5 cfs in the 5-year and 100-year 
events respectively.  It should be noted that the installation of the planned offsite detention facilities, 
located to the north of Barnes, could likely further reduce flows reaching this location especially in the 
minor storm events. 
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When directly added this brings the total flow discharged at the southern property line in the existing 
condition (DP 7, 9 and 11) from 21.1 cfs and 154.1 cfs, down to 8.9 cfs and 103.9 cfs in the developed 
condition (DP 6 and 8) in the 5 and 100-year events respectively (net change of negative -12.2/-50.2). 
 
Discussion with the property owner to the south of the site will be necessary to understand the timing for 
constructing the storm sewer outfalls, drainage and grading easement acquisition. 
 
Design Point 9  
Basin E7 (Q5=25.5 cfs, Q100=57.2 cfs) consists of approximately 15.63 acres of future single family 
residential property and roadways planned along the northern boundary of the subject site.  A proposed 
36” storm sewer main (PR10) has been extended into the area to collect the flow at DP9 (Q5=25.5 cfs, 
Q100=57.2 cfs).   
 
Design Point 10  
Basin E8 (Q5=24.5 cfs, Q100=54.8 cfs) consists of approximately 15.79 acres of future single family 
residential property and roadways planned along the northern boundary of the subject site.  A proposed 
36” storm sewer main (PR11) has been extended into the area to collect the flow at DP10 (Q5=24.5 cfs, 
Q100=54.8 cfs).  A proposed 48” sewer (PR12) will collect the combined runoff carried within Pipes 
Runs 10 and 11 at peak flow rates of Q5 =48.4 cfs, Q100 =108.4 cfs.   
 
Design Point 11  
Basin E9 (Q5=59.0 cfs, Q100=132.0 cfs) consists of approximately 39.03 acres of future single family 
residential property and roadways planned within the central portion of the subject site.  A proposed 48” 
storm sewer main (PR13) has been extended into the area to collect the flow at DP11 (Q5=59.0 cfs, 
Q100=132.0 cfs).  A proposed 60” sewer (PR14) will collect the combined runoff carried within Pipe 
Runs 12 and 13 at peak flow rates of Q5 =105.7 cfs, Q100 =236.5 cfs. 
 
Design Point 12  
Basin E10 (Q5=36.3 cfs, Q100=83.5 cfs) consists of approximately 23.15 acres of future single family 
residential property and roadways planned for southwest side of the subject site on the east side of the 
channel.   This basin houses an existing overhead power line and utility easement. Runoff produced by 
the basin will be directed to a proposed full spectrum detention pond located just up-gradient to the 
southern boundary, where combines with runoff conveyed by PR14.  The total peak runoff anticipated to 
reach FSD Pond 4 at DP12 is Q5 =150.9 cfs, Q100 =340.0 cfs.  The private full spectrum detention 
pond will discharge runoff at predevelopment flow rates and drain the water quality volume and excess 
urban runoff volume over 40 hours and 72 hours respectively.  Refer to drainage facility design section 
of the report for additional information regarding the proposed facility.   
 
Design Point 13  
Basin E11 (Q5=0.3 cfs, Q100=2.2 cfs) consists of approximately 1.17 acres of native grassed, 
undeveloped, west-facing hillside lands and floodplain fringe located just to the east of the EFSCST.   
Sheet flow runoff from the basin combines with the flows discharged from the FSD Pond 4 (PR15) 
within a 42” storm drain (Q5=2.0 cfs, Q100=87.0 cfs).  The combined flows reaching the EFSCST at 
DP13 total Q5=2.1 cfs, Q100=87.9 cfs.   A concrete headwall with riprap protection will likely be 
required to be provided at the discharge point.   
 
Design Point 14  
Basin E12 (Q5=0.4 cfs, Q100=3.2 cfs) consists of approximately 1.47 acres of native grassed,  
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undeveloped, west-facing hillside lands and floodplain fringe located just to the east of the EFSCST.    
Runoff from the basin sheet flows to the existing channel DP14 (Q5=0.4 cfs, Q100=3.2 cfs). 
 
Design Point 15  
Basin E13 (Q5=0.4 cfs, Q100=3.1 cfs) consists of approximately 1.16 acres of native grassed, 
undeveloped, west-facing hillside lands and floodplain fringe located just to the east of the EFSCST.   
Runoff from the basin sheet flows to the existing channel from DP15 (Q5=0.4 cfs, Q100=3.1 cfs). 
 
Design Point 16  
Basin E14 (Q5=0.5 cfs, Q100=3.4 cfs) consists of approximately 1.33 acres of native grassed, 
undeveloped, west-facing hillside lands and floodplain fringe located just to the east of the EFSCST.   
Runoff from the basin sheet flows to the existing channel from DP16 (Q5=0.5 cfs, Q100=3.4 cfs). 
 
It should be noted that Basins E11-E14 are all partially bisected by an 18” CSU sanitary sewer line and 
accompanying 75’ utility easement.   
 
Design Point 17  
Offsite 5.30-acre Basin W1 (Q5=1.1 cfs, Q100=8.3 cfs) consists of native grassed, undeveloped lands 
located north of Barnes Road and east of Marksheffel at the west end of the site.  Runoff from the basin is 
recommended to be conveyed by a temporary earthen swale to DP17 (Q5=1.1 cfs, Q100=8.3 cfs).     
 
Design Point 18  
Basin W2 (Q5=10.1 cfs, Q100=18.9 cfs) consists of 2.57 acres of proposed Barnes Road right-of-way.  A 
proposed 24” storm drain (PR16), Q5=10.1cfs, Q100=18.9cfs, is recommended to be extended under the 
roadway to collect flows prior to reaching Marksheffel Road.   Existing condition flow rates at this 
location were determined to be 0.5 cfs and 3.9 cfs in the 5 and 100-year events respectively. 
 
At the time of the writing of this report M&S Civil is coordinating with the City of Colorado Springs and 
its consultants to determine the planned outfalls and water quality treatment and detention locations that 
are a portion of the Marksheffel Road Improvement Project so that flows in and around the west end of 
Barnes Road can be accounted for and safely routed in a manner that works with both projects.  For the 
purposes of this submittal the large-scale facilities at this end of the project are at this time to be 
considered to be constructed by others. 
 
Design Point 19  
Onsite 0.67-acre Basin W3 (Q5=0.3 cfs, Q100=2.0 cfs) is native grassed, undeveloped lands located north 
of the west half of the unplatted Falcon Trucking Filing No.1 parcel at the west end of the site.  Flows 
discharge as sheet flow are collected by an existing temporary swale located along the west edge of the 
Enclaves Filing No. 5 and 6 Filings at DP19 (Q5=0.3 cfs, Q100=2.0 cfs).  Existing condition flow rates at 
this location were determined to be 0.3 cfs and 2.1 cfs in the 5 and 100-year events respectively. 
 
Design Point 20  
Onsite 1.28-acre Basin W4 (Q5=0.5 cfs, Q100=3.6 cfs) is native grassed, undeveloped lands located north 
of the Enclaves at Mountain Vista Filing No. 6 parcel along the west end of the site.  Flows discharge as 
sheet flow to a tract of land north of Filing 6 at DP20 (Q5=0.5 cfs, Q100=3.6 cfs).   Existing condition 
flow rates at this location were determined to be 0.3 cfs and 2.4 cfs in the 5 and 100-year events 
respectively. 
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Design Point 21  
Offsite 40.96-acre Basin W5 (Q5=7.8 cfs, Q100=57.0 cfs) and consists of an undeveloped native grassed 
watershed located up-gradient and along the central western portion of the site.  Runoff from the basin is 
recommended to be collected and conveyed within a berm/swale located along the north side of proposed 
Barnes Road.  Runoff collected by the temporary conveyance would direct runoff to the western 
embankment of the EFSCST.  Future development of the offsite area will require a detention facility to 
restrict flows to the predevelopment levels. 
 
Design Point 22  
Basin W6 (Q5=12.7 cfs, Q100=23.8 cfs) consists of 3.87 acres of proposed Barnes Road right-of-way.  A 
proposed 30” storm drain (PR17), Q5=12.7cfs. Q100=23.8cfs, is recommended to be extended under the 
roadway to collect flows prior to reaching the intersection of Shale Drive at DP22 (Q5=12.7 cfs, 
Q100=23.8 cfs).    
 
Design Point 23 
Basin W7 (Q5=17.8 cfs, Q100=33.4 cfs) consists of 5.73 acres of proposed Barnes Road right-of-way.  
A proposed 30” storm drain (PR18) is recommended to be extended under the roadway to collect flows 
prior to reaching the intersection of Shale Drive.   A proposed 36” sewer (PR19) will collect the 
combined runoff carried within Pipes Runs 17 and 18 at peak flow rates of Q5 =29.9 cfs, Q100 =56.0.  
The proposed storm sewer is intended to be conveyed overtop the proposed box culvert within the ~10 
foot of fill. 
 
Design Point 24 
Basin E17 (Q5=14.4 cfs, Q100=27.0 cfs) consists of 3.55 acres of proposed Barnes Road right-of-way.  A 
proposed 30” storm drain (PR20) is recommended to be extended under the roadway to collect flows prior 
to reaching the intersection of a proposed collector roadway at DP24 (Q5=14.4 cfs, Q100=27.0 cfs).    
 
Design Point 25  
Basin E16 (Q5=11.8 cfs, Q100=33.9 cfs) consists of approximately 9.29 acres of future open space, park 
land, and roadway planned along the east side of the EFSCST along the northern boundary of the subject 
site.  A proposed 30” storm sewer main (PR21) has been extended into the area to collect the flow at 
DP25 (Q5=11.8 cfs, Q100=33.4 cfs).   
    
Design Point 26  
Basin E18 (Q5=2.0 cfs, Q100=10.9 cfs) consists of approximately 3.24 acres of open space that will 
house a full spectrum detention pond.  Runoff conveyed within Pipe Runs 19, 20 and 21 combined 
within runoff developed within Basin E18.    The total peak runoff anticipated to reach FSD Pond 6 at 
DP26 is Q5 = 53.2 cfs, Q100 = 128.6 cfs.  The private full spectrum detention pond will discharge to 
predevelopment flow rates and drain the water quality volume and excess urban runoff volume over 40 
hours and 72 hours respectively.  Refer to drainage facility design section of the report for additional 
information regarding the proposed facility.    
 
Design Point 27 
Basin E15 (Q5=21.8 cfs, Q100=39.7 cfs) consists of approximately 5.52 acres of future commercial 
development located to the southeast of the intersection of the proposed collector roadway and Barnes 
Road.  Runoff produced by the basin will be directed to a proposed full spectrum detention pond located 
at the southwest corner of the site.  The total peak runoff anticipated to reach FSD Pond 5 at DP27 is Q5 
= 21.8 cfs, Q100 = 39.7 cfs.  The private full spectrum detention pond will discharge runoff at 
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predevelopment flow rates and drain the water quality volume and excess urban runoff volume over 40 
hours and 72 hours respectively.  Refer to drainage facility design section of the report for additional 
information regarding the proposed facility. 
 
Design Point 28  
A proposed 18” storm drain will convey the flows released from the FSD Pond 5 (PR23) at peak rates of 
0.2 cfs and 4.0 cfs in the 5-year and 100-year events respectively.   A proposed 30” storm drain will 
convey the flows release from the FSD Pond 6 (PR22) at peak rates of 0.8 cfs and 32.3 cfs in the 5-year 
and 100-year events respectively.   Flows within PR22 and PR23 will combine within a proposed 30” 
storm drain (PR24) at peak flow rates of 2.0 and 36.2 cfs in the minor and major storm events 
respectively. Sheet flow runoff from the, 1.76 acres, Basin E19 (Q5=0.5 cfs, Q100=3.8 cfs) is conveyed 
via an earthen swale to DP28 (Q5=1.3 cfs, Q100=37.5 cfs) where flows reach the channel via the 
embankment of a grouted boulder drop structure and combines with the discharge from PR24.  The 
combined flow at DP28 totals Q5=1.3 cfs, Q100=37.5 cfs. 
 
Design Point 29 
Basin W8 (Q5=22.0 cfs, Q100=56.4 cfs) consists of approximately 18.17 acres of future single family 
residential property and roadways planned along the northern boundary of the subject site west of the 
channel.  Runoff produced by the basin will be directed to an existing full spectrum detention pond 
located within Enclaves at Mountain Vista Filing No. 7.  The total peak runoff anticipated to reach FSD 
Pond 7 (aka Pond 401) at DP29 is Q5 = 22.0 cfs, Q100 = 56.4 cfs.  The private full spectrum detention 
pond will discharge runoff at predevelopment flow rates and drain the water quality volume and excess 
urban runoff volume over 40 hours and 72 hours respectively.  Refer to drainage facility design section 
of the report for additional information regarding the proposed facility. 
 
Design Point 30 
A proposed 24” storm drain (PR25) will convey the flows released from the FSD Pond 7 (aka Pond 401) 
at peak rates of 2.5 cfs and 19.1 cfs in the 5-year and 100-year events, respectively, to DP30 where these 
flows reach the channel via the embankment of a grouted boulder drop structure.   

 
Design Point 31 
Basin E20 (Q5=3.4 cfs, Q100=25.2 cfs) consists of approximately 14.85 acres of future single family 
residential property and roadways planned along the southern boundary of the subject site east of the 
channel.  Runoff produced by the basin will be directed west by a proposed earthen swale to DP31 and 
continue west to the East Fork Sand Creek Sub-Tributary channel.  The total peak runoff anticipated to 
reach the channel is Q5 = 3.4 cfs, Q100 = 25.2 cfs.   
 
When directly added this brings the total flow discharged at the channel in the existing condition (DP 1-
6, 17 and Ex Pond 7 release) from 15.0 cfs and 211.5 cfs, up slightly to 18.4 cfs and 236.4 cfs in the 
developed condition (DP 13-16, 21, 28, 30 and 31) in the 5 and 100-year events respectively (net change 
of +3.4/+24.9).   A net increase in runoff to the channel of plus +3.4cfs/24.9cfs, and a net decrease in 
flow to the southern boundary in flow of minus -12.2cfs/-50.2cfs (in the minor and major storm events 
respectively) results than a less than historic release condition for the overall development.  Based upon 
the FEMA flow rate of 1,150 cfs within the channel, the 24.9 cfs increase results within a negligible 
increase of 2.6%, which is likely within the error of the presented calculations.  As such a concept design 
of similar density and grading patterns to the one shown within this MDDP does not negatively affect the 
existing downstream storm sewer facilities.  
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DRAINAGE FACILITY DESIGN  
 
Based upon a master/concept plan layout a minimum of six new and one existing Full Spectrum Detention 
(FSD) will be required and utilized in order to reduce the fully developed flows from the site to pre-
development levels and address water quality (DCM Volume 2).  The ponds have been sized utilizing 
MHFD v4.04 from Urban Drainage and Flood Control District (UDFCD).  Refer to the “Pond 
Calculations” Appendix in this document.  
 
The conceptual ponds are being modeled with an outlet control structure which limits the release rate of 
the pond through the use of orifices, weirs, and restrictor plates placed before a proposed outlet pipes to 
store the WQCV, EURV, and the flood control volumes for the 2, 5, 10, 25, 50, and 100 year storm 
events. The WQCV will be slowly released over 40 hours.  The 100 year will drain in less than 120 hours.  
Ownership and maintenance of the proposed private ponds (Ponds 2-5) is to be conducted by the 
Mountain Vista Ranch Metropolitan District. Ownership and maintenance of the proposed public ponds 
(Ponds 1 & 6) is to be conducted by the City of Colorado Springs.  A Final Drainage Report will be 
required for the construction of each pond.   
 
A public Full Spectrum Detention Extended Detention Basin (FSD Pond 1) is being proposed within the 
northeast portion of the site to address water quality from 18.75 acres at 94.0% imperviousness.  FSD 
Pond 1 is being constructed with an outlet control structure and a proposed 24” outlet pipe.  An overflow 
emergency weir is proposed along the southwest embankment to safely convey flows to Barnes Road.  
Basins E3 and E4 are the tributary basins contributing to this pond.  
 
FSD Pond  1                                            WQCV  EURV          5 Year            100 Year 
 
Maximum Volume Stored (acre-ft) 0.686  2.219          1.982       2.558 
 
Maximum WS Elevation 6669.96 6673.49        6673.03     6674.12 
 
Peak Inflow (cfs) (calc)*                   61.2       112.9 
 
Peak Outflow (cfs)     0.4    0.8            0.8         21.6 
 
A private Full Spectrum Detention Extended Detention Basin (FSD Pond 2) is being proposed for the 
southeast corner of the site to address water quality from 20.10 acres at 65.0% imperviousness.  FSD 
Pond 2 is being constructed with an outlet control structure and a proposed 18” outlet pipe.  An overflow 
emergency weir is proposed along the southern embankment to safely convey flows to the natural 
drainageway in the event of outlet clogging.  The 0.0’ height (lowest orifice) stage was based upon an 
elevation of 6634.67.  Flows from Basin E5 drain into this pond. 
 
FSD Pond  2                                            WQCV  EURV          5 Year            100 Year 
 
Maximum Volume Stored (acre-ft)  0.430  1.622          1.449       2.319 
 
Maximum WS Elevation 6636.66 6639.24       6638.92     6640.48 
 
Peak Inflow (cfs) (calc)*                    33.7         75.4 
 
Peak Outflow (cfs)     0.2    0.7             0.6         11.6 
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A private Full Spectrum Detention Extended Detention Basin (FSD Pond 3) is being proposed for the east 
half of the site to address water quality from 22.40 acres at 65.0% imperviousness.  FSD Pond 3 is being 
constructed with an outlet control structure and a proposed 18” outlet pipe.  An overflow emergency weir 
is proposed along the southern embankment to safely convey flows to safely convey flows to the natural 
drainageway in the event of outlet clogging.  The 0.0’ height (lowest orifice) stage was based upon an 
elevation of 6638.67.  Flows from Basin E6 drain into this pond. 
 
 
 
FSD Pond  3                                            WQCV  EURV          5 Year            100 Year 
 
Maximum Volume Stored (acre-ft)  0.478  1.729          1.638       2.697 
 
Maximum WS Elevation 6640.78 6643.44       6643.27     6645.09 
 
Peak Inflow (cfs) (calc)                    35.0         78.3 
 
Peak Outflow (cfs)     0.2    0.9             0.8         16.7 
 
A private Full Spectrum Detention Extended Detention Basin (FSD Pond 4) is being proposed for the 
western half of the eastern portion of the site to address water quality from 93.61 acres at 64.0% 
imperviousness. FSD Pond 4 is being constructed with an outlet control structure and a proposed 42” 
outlet pipe.  An overflow emergency weir is proposed along the western embankment to safely convey 
flows to the EFSCST in the event of outlet clogging.  The 0.0’ height (lowest orifice) stage was based 
upon an elevation of 6606.67.  Basins E7, E8, E9, and E10 provide flows that drain to this pond.  
 
FSD Pond  4                                            WQCV  EURV          5 Year            100 Year 
 
Maximum Volume Stored (acre-ft)  1.956  7.129          6.949       10.428 
 
Maximum WS Elevation 6609.61 6612.42       6611.01     6614.02 
 
Peak Inflow (cfs)(calc)*                    131.8         293.1 
 
Peak Outflow (cfs)     1.0    2.7             2.7         87.0 
 
A private Full Spectrum Detention Extended Detention Basin (FSD Pond 5) is being proposed for the east 
half of the site to address water quality from 5.50 acres at 95.0% imperviousness.  FSD Pond 5 is being 
constructed with an outlet control structure and a proposed 18” outlet pipe.  An overflow emergency weir 
is proposed along the western embankment to safely convey flows to the proposed local collector corridor 
in the event of outlet clogging.  The 0.0’ height (lowest orifice) stage was based upon an elevation of 
6642.67.  Flows from Basin E15 drain into this pond. 
 
FSD Pond  5                                            WQCV  EURV          5 Year            100 Year 
 
Maximum Volume Stored (acre-ft)  0.206  0.716          0.581       0.812 
 
Maximum WS Elevation 6645.60 6648.43       6647.83     6648.83 
 
Peak Inflow (cfs)(calc)*                    21.8         39.7 
 
Peak Outflow (cfs)     0.1    0.2             0.2         4.0 
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A public six Full Spectrum Detention Extended Detention Basin (FSD Pond 6) is being proposed for the 
east half of the site to address water quality from 25.68 acres at 61.0% imperviousness.  FSD Pond 6 is 
being constructed with an outlet control structure and a proposed 30” RCP outlet pipe.  An overflow 
emergency weir is proposed along the southern embankment to safely convey flows to Graphite Drive 
corridor in the event of outlet clogging.  The 0.0’ height (lowest orifice) stage was based upon an elevation 
of 6620.67.  Basins E16, E17, E18, W6, and W7 provide flows that drain to this pond. 
 
 
 
FSD Pond  6                                            WQCV  EURV          5 Year            100 Year 
 
Maximum Volume Stored (acre-ft)  0.515  1.860          1.708       2.435 
 
Maximum WS Elevation 6622.97 6624.98       6624.80     6625.66 
 
Peak Inflow (cfs)(calc)*                    53.2         128.6 
 
Peak Outflow (cfs)     0.3    0.9             0.8         32.3 
 
A private Full Spectrum Detention Extended Detention Basin (FSD Pond 7) makes use of an existing 
facility that was sized with the construction of Enclaves at Mountain Vista Filing No. 7 to accommodate 
the planned area as shown by this master development plan 7 (Pond 401).  This facility is planned to 
address water quality from 18.17 acres at 48.0% imperviousness.  FSD Pond 7 was constructed with an 
outlet control structure and a proposed 24” RCP outlet pipe.  An overflow emergency weir was 
constructed along the eastern embankment to safely convey flows to the EFSCST in the event of outlet 
clogging.  The 0.0’ height (lowest orifice) stage was based upon an elevation of 6622.00.  Flows from 
Basin W8 drain into this pond. 
 
FSD Pond  7                                            WQCV  EURV          5 Year            100 Year 
 
Maximum Volume Stored (acre-ft)  0.306  0.945          1.029       1.569 
 
Maximum WS Elevation 6624.67 6626.09       6626.24     6627.13 
 
Peak Inflow (cfs)(calc)                    22.0         56.4 
 
Peak Outflow (cfs)     0.1    0.4             2.5         19.1 
 
 
As the required release rates will very given the final residential layouts, it can be anticipated that the 
existing outlet structure and/or inlet structures may need to be modified.  This may or may not include 
items such as raising the outlet box elevation, resizing and replacement of the trash screen and orifice 
plates.   
 
It should be noted that for all basins that are not directed to one of the seven ponds, shown in this MDDP, those 
areas are to remain fully pervious, therefore, water quality treatment will not be required. These basins are as 
follows: E19, E14, E13, E12, and E11. At the time the individual Final Drainage Reports are written, the 
basins not routed to a pond, if developed, will be required Final Drainage reports and will be required to meet 
all current City Criteria, including updates based on the now effective MS4 Permit. 
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EAST FORK SAND CREEK SUB-TRIBUTARY PROPOSED CONCEPT CHANNEL  
IMPROVEMENTS  
  
The development of Enclaves at Mountain Vista Ranch Filing No.7 provided the construction of the 
Enclaves at Mountain Vista Sand Creek East Fork Sub-tributary Channel Project (EMVC Project) which 
flattened approximately 3180 feet of SCEFST, adjacent to EMV Filing No. 7 and Enclaves East, into a 
constructed natural channel.   
 
With the extension of Barnes Road, as a portion of this development, the construction of a concrete box culvert 
which occurs at the exiting riprap drop structure and transition to the existing channel will be necessary. A 
channel report and plan shall be submitted for these improvements, including a HEC-RAS model to analyze the 
proposed channel improvements.   These improvements shall be in compliance with the DBPS. Building 
permits for any of the developments associated with this site cannot be released until channel improvement 
assurances have been posted or channel improvements have been installed and accepted, with the exception of 
Enclaves at Mountain Vista Ranch Filing No. 8 as the required improvements are not necessary to its 
development.  Below is a summary of the required improvements as taken from the Enclaves at Mountain Vista 
Barnes Road Culvert and Sand Creek East Fork Sub-tributary Channel Design Report (60%) by Wilson and 
Company dated November 2021.   
 

Barnes Road Culvert Design 
 

The proposed culvert is designed with a longitudinal slope of 0.40%, having an entrance invert of 
6631.58 and an entrance low chord of 6639.58. The HEC-RAS model indicates a 100-year water 
surface elevation at the entrance of the culvert of 6636.26. The 100-year water surface elevation is 
estimated to be 6638.77 at the immediately upstream cross section located at the toe of the lower 
drop, located 4 feet upstream from the culvert. The hydraulics are in accordance with the 
D.C.M.’s allowable headwater criteria which specifies a maximum of 1.5:1. 
 
Pedestrian rail is proposed to be mounted along the top of the headwalls and wingwalls to protect 
pedestrians from the vertical dropoff. 
 
S.C.E.F.S. Upstream of Barnes Road 
 
The project’s constructed section of channel will begin approximately 280 feet north (upstream) of 
the proposed Barnes Road culvert. The upstream channel transition will include flattening the 
channel bottom and gradually narrowing the width via a grass-lined trapezoidal segment of 
channel with a longitudinal slope of 1.0%. The banks will contain a 1 foot thick layer of buried 
Type “VL” Soil Riprap as shown in the plans. 
 
The grass-lined segment of channel will connect into a two-tiered drop structure. The upper drop 
will be lined with a 4 foot thick layer of Type “VH” Riprap, will be sloped at 19.68% and is 
proposed to be 4.52’ high with a net drop of 3.52’. At the upstream termini of the riprap will be a 6 
foot deep seepage cutoff wall. The toe of the riprap drop will connect to a 36” grouted boulder 
lined stilling basin. The stilling basin is to be 1-foot deep and 12 foot long and will contain a cutoff 
wall at its upstream termini.  
 
The grouted boulder drop is downstream of the stilling basin, will be sloped at 25.00% and will be 
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4.0 foot high and will contain a series of weep drains. A 4 foot wide bench transitions the drop 
structure into the culvert. The grouted boulders were sized following methods provided in the 
MHFDCM. 
 
The DBPS identifies the existing channel section within the project extents as “Type 3 – 
Unimproved, with existing or future problems expected during peak flows”. The DBPS lists the 
future channel section for the upstream channel to be a Natural Engineered Channel with a slope of 
0.2%, top width of 144 feet and maximum depth of 5 feet. 
 
The transition section being constructed with this project is designed to give a stable channel 
section which allows for efficiently transitioning the existing channel section into the drop 
structures at the culvert. If future development occurs upstream of the drop structure to be 
constructed with this project, it is likely the channel will need to be deepened. To deepen the 
channel it is anticipated that the grouted boulder structures to be constructed with this project 
could likely remain in place and the riprap portion of the structure could be removed as needed. 
 
The DBPS doesn’t appear to mention of the Barnes Road culvert crossing of SCEFS. 
 
S.C.E.F.S. Downstream of Barnes Road 
 
The downstream limits of the constructed section of channel with this project will begin 
approximately 46 feet south (downstream) of the proposed Barnes Road culvert. This section of 
channel will consist of a trapezoidal section lined with 36 inch grouted boulders. The boulders 
were sized following methods provided in the D.C.M. Calculations are included in Appendix E. 
 
The downstream-most edge of this section of channel will abut up to the grouted boulder drop 
structure #7 to be constructed with the EMVC Project. 
 

Refer to the Enclaves at Mountain Vista Channel Design Report and Construction Plans prepared by 
Wilson & Company, Inc for details regarding the design.   At the time of the writing of this report the 
construction plans and report has been submitted and reviewed by the City of Colorado Springs.  It should 
be noted that any channel work required as a portion of Enclaves East is subject to review and approval by 
the Army Corp of Engineers. 
 
EROSION CONTROL 

 
It is the policy of the City of Colorado Springs that we submit an erosion control plan with the drainage 
report.   At this time we respectfully request that the erosion control plan be submitted in conjunction 
with the final grading plan.  Proposed straw bale check dams, silt fence, inlet protection, sediment basin, 
vehicle traffic control, and reseeding are proposed as erosion control measures. The Grading and Erosion 
Control Plan will be submitted to the Stormwater Enterprise for review and approval prior to 
construction.  

 
 
DRAINAGE, BRIDGE, AND POND FEES 

 
The project is located within the Sand Creek Drainage Basin.  The “2022 Drainage, Bridge, and Pond Fees-
City of Colorado Springs”, approved December 14, 2021; table identifies the following fees associated 
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with the basin.  These fees have been applied and summarized here for the 184.292 acre site.  However, the 
184.292 acre development will be platted in phases and the appropriate fees will be paid based upon the 
current fees for that year.   

 
Basin Fees 2022 Total area (acres) Basin Fee (per acre) Total Cost Basin Fee 

Drainage Fee 184.292 $20,160 $3,715,326.72 
    
Total   $3,715,326.72 
 
 
CONSTRUCTION COST ESTIMATE 
Construction cost will be finalized with the Final Drainage Reports and Construction Drawings for each platted 
area.  Below is a general estimate for the entire 184.292 acres.  These costs are Non-Reimbursable. 
 
 
 
NON-REIMBURSABLE 
 
(Enclaves East MDDP Public Storm Sewer System, Non-Reimbursable) 
(Private Facilities to be maintained by the Mountain Vista Ranch Metropolitan District) 
 
Item Description   Quantity Unit Cost   Cost 
 
1.     18” RCP Storm Drain    815 LF  $90/LF    $     73,350.00 
2.     24” RCP Storm Drain    725 LF  $125/LF   $     90,625.00 
3.     30” RCP Storm Drain  2614 LF  $165/LF   $   431,310.00 
4. 36” RCP Storm Drain  2611 LF  $200/LF   $   522,200.00 
5. 42” RCP Storm Drain  2700 LF  $275/LF   $   742,500.00 
6. 48” RCP Storm Drain  1100 LF  $350/LF   $   385,000.00 
7. Pond 2             2.32 AC-FT      $30,000/AF   $     69,690.00 
8. Pond 3               2.70 AC-FT      $30,000/AF   $     81,000.00 
9. Pond 4           10.45 AC-FT     $25,000/AF   $   261,250.00 
10. Pond 5               0.81 AC-FT      $40,000/AF   $     32,400.00 
11. Pond 7 modifications          1     LS   $10,000/LS   $     10,000.00 

 
Subtotal  $2,699,325.00 
Contingency (25%) $   674,831.25 

Total       = $3,374,156.25 
 

 

PUBLIC REIMBURSABLE FACILITIES 
 
 
(Enclaves East MDDP Public, Detention Storage, Reimbursable)   
Pond 1 and 6, treat and detain a significant portion of Barnes Road. 
(Public Facility to be owned and maintained by the City of Colorado Springs) 
 
Item Description   Quantity Unit Cost   Cost 
 

1. Pond 1              2.56 AC-FT       $30,000/AF   $   76,800.00 
2. Pond 6             3.91 AC-FT     $27,500/AF   $   87,725.00 

 

Amy.Esswein
Highlight
Construction cost will be finalized with the Final Drainage Reports and Construction Drawings for each platted area
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Subtotal (Ponds 1& 6) $  164,525.00 
        Contingency (15%) $    24,678.75 
         Total      = $  189,203.75 
 

 
2021 Sand Creek Drainage Basin Planning Study 
 
The following items are listed in the SCDBPS and are relative to the proposed development, however, 
the design and quantity is unknown at this time for future improvements.  The specifics will be 
determined with the future phases of development and covered in the final drainage reports for each 
particular development phase.  The unit costs shown below are established from the 2021 SCDBPS.  
These items are listed in the SCDBPS as reimbursable facilities. 
 

 
 
2021 DBPS REIMBURSABLE PUBLIC DRAINAGE FACILITIES 
 
Item Description   Quantity Unit Cost   Cost 
 

1. 60” RCP Storm Drain  TBD  $450/LF  Potential Future Cost 
2. Channel Improvements  TBD  $700/LF   See below 
3. Box Culvert   TBD  $1400LF   See below 

 
Subtotal   $ TBD 

 
As an example, the unit cost of improvements increased by factor of 1.07 for inflation to 2022 Dollars, based 
upon City of Colorado Springs Basin Fees Increases 2021 to 2022.  The estimated reimbursable unit costs can 
be increased based upon inflation from the 2021 values.  The estimated costs is dependent on annual inflation 
per year from 2021. 
 
I. Estimated Costs for Enclaves East MDDP Public, Reimbursable Barnes Road Culvert and 

Associated East Fork Sand Creek Sub-tributary Channel Improvements.  (2023-2024) 
(Public Facility to be owned and maintained by the City of Colorado Springs) 
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Total Estimated Cost for Box Culvert and Associated Channel Imp. (2023-2024)  
 
 $1,653,028.30 
 
II. Estimated Costs for Enclaves West MDDP Public, Reimbursable East Fork Sand Creek Sub-

tributary Channel Improvements, South of Barnes Road.  (2022) 

Total Estimated Cost for Public Improvements (From EMVR Filing 7 Report)      
 $ 2,574,889.68 
 
 
TOTAL ESTIMATED REIMBURSABLE IMPROVEMENTS TO DATE; 
(Subject to drainage board approval) 
 

1. Barnes Road Box Culvert & Channel Improvements (2023-2024)    
 $ 1,653,028.30 

2. Channel Improvements (2022)        
 $ 2,574,889.68 

3. Public Ponds 1 & 6          
 $    189,203.75 

4. Future Reimbursable Facilities        
 $    TBD 

Total          
 +$4,417,121.73 

 
All non-reimbursable and reimbursable fees will be finalized with each FDR and that inclusion of 
these values in this MDDP does not guarantee reimbursement at the time of the FDR. 

Amy.Esswein
Highlight
All non-reimbursable and reimbursable fees will be finalized with each FDR and that inclusion of these values in this MDDP does not guarantee reimbursement at the time of the FDR. 
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Note:  Previous drainage fees for platting have been credited based upon the public improvements 
shown above.  (EMVR Filing No. 7).  Reconciliation for all Final Plats & Fees will need to be provided 
at the time of the presentation to the El Paso County / City Drainage Board. 

 

M & S Civil Consultants, Inc. (M & S) cannot and does not guarantee the construction cost will not vary 
from these opinions of probable costs. These opinions represent our best judgment as design professionals 
familiar with the construction industry and this development in particular. The above is only an estimate 
of the facility cost in 2022.    
 
 

SUMMARY  
 
Development of Enclaves at Mountain Vista East will not adversely affect the surrounding development. 
The proposed concept drainage facilities will adequately convey, detain and route runoff from the onsite 
& offsite flows to existing facilities, as well as provide water quality treatment.  Runoff and storm drain 
and appurtenances will not adversely affect the existing downstream infrastructure and surrounding 
developments. This MDDP is in general compliance with prior hydrologic studies affecting the site. All 
drainage facilities described herein and shown on the included Proposed Drainage Map (See Appendix) 
are subject to change being dependent upon individual lot development.  However, this MDDP should be 
used as a guideline for release of flows offsite, and final Full Spectrum & Water Quality Detention Pond 
sizing.  Care will be taken to accommodate overland emergency flow routes on site and temporary 
drainage conditions.  
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APPENDIX

 



YEAR

CITY OF 

COLORADO 

SPRINGS BASIN 

FEE INCREASE 

(%)

CITY OF 

COLORADO 

SPRINGS BASIN 

FEE INCREASE  

(%/100)

UNIT COST OF 

IMPROVEMENTS 

INCREASED BY 

FACTOR

1997 4.0 0.04 1.04

1998 5.0 0.05 1.092

1999 4.0 0.04 1.13568

2000 3.0 0.03 1.1697504

2001 5.0 0.05 1.22823792

2002 3.0 0.03 1.265085058

2003 3.0 0.03 1.303037609

2004 3.0 0.03 1.342128738

2005 5.0 0.05 1.409235174

2006 4.0 0.04 1.465604581

2007 10.0 0.1 1.61216504

2008 1.0 0.01 1.62828669

2009 5.0 0.05 1.7097010252009 5.0 0.05 1.709701025

2010 0.0 1.709701025

2011 0.0 1.709701025

2012 0.0 1.709701025

2013 0.0 1.709701025

2014 4.3 0.043 1.783218169

2015 0.0 1.783218169

2016 4.8 0.048 1.868812641

2017 3.5 0.035 1.934221083

2018 5.7 0.057 2.044471685

2019 6.7 0.067 2.181451288

2020 4.0 0.04 2.268709339

2021 3.5 0.035 2.348114166

2022 7.0 0.07 2.512482158

FEE INCREASE TABLE



VICINITY MAP





SOILS MAP







FEMA MAP



NORTH AMERICAN DATUM OF 1988

(NAVD 88)

EXHIBIT "FLOODPLAIN"

I I INNNV L O SU T , .C CL A STC 

212  N. WAHSATCH AVE., STE 305

COLORADO SPRINGS, CO  80903
PHONE: 719.955.5485



Questions concerning the VERTCON process may be mailed to  NGS

Latitude:      38.89721

Longitude: 104.6752

NGVD 29 height:

Datum shift(NAVD 88 minus NGVD 29):    1.128 meter

Page 1 of 1

4/28/2019https://www.ngs.noaa.gov/cgi-bin/VERTCON/vert_con2.prl 

1.128 meters = 3.70 feet

https://www.ngs.noaa.gov/cgi-bin/VERTCON/vert_con2.prl














HYDROLOGIC CALCULATIONS





BASIN 

TOTAL

AREA  AREA  C5 C100 AREA  C5 C100  AREA  C5 C100 C5 C100

(Acres) (Acres) (Acres) (Acres)

E1 646996.7 14.85 14.85 0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E2 881283.6  20.23 20.23 0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E3  248843.6  5.71  5.71  0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E4  164658.9  3.78  3.78  0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E5 455976.3  10.47  10.47  0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E6  217282.1 4.99 4.99 0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E7 258555.0  5.94  5.94  0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E8 1473331.5 33.82 33.82 0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E9  1700269.8 39.03 39.03 0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E10  883263.5 20.28  20.28  0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E11 367065.1 8.43 8.43 0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E12 1719159.6  39.47  39.47  0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E13  192648.2 4.42 4.42 0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E14  60887.4  1.40 1.40  0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E15 64278.3  1.48  1.48  0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

E16  1067469.2 24.51  24.51  0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

W1 24604.7 0.56 0.56 0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

W2 66844.8 1.53 1.53 0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

W3 37966.9  0.87  0.87  0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

W4  43413.4  1.00 1.00  0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

W5 843196.8 19.36 19.36 0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

W6  196648.6  4.51  4.51  0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

W7 1066820.1 24.49 24.49 0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

W8 812808.6  18.66 11.83 0.08 0.35 5.47  0.40 0.56 1.37 0.12 0.39 0.18 0.41

W9 73312.3  1.68  1.68  0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

W10  151339.3  3.47  3.47  0.08 0.35 0.00  0.40 0.56 0.00  0.12 0.39 0.08 0.35

ENCLAVES AT MOUNTAIN VISTA RANCH EAST

EXISTING CONDITIONS

(Area Runoff Coefficient Summary)

UNDEVELOPED DEVELOPED LOTS  DEVELOPED LANDSCAPING  RUNOFF COEFFICIENT

MS CIVIL, INC

Existing Conditions MDDP Drainage Calcs.xls  Page 1 9/14/2022



OVERLAND STREET  /  CHANNEL FLOW

BASIN
AREA

TOTAL
C5 C100 C5 Length Height TC Length Slope Velocity Tt TOTAL CHECK I5 I100 Q5 Q100

(Acres) (ft) (ft) (min) (ft) (%) (fps) (min) (min) (min) (in/hr) (in/hr) (c.f.s.) (c.f.s.)

E1 14.85 0.08  0.35 0.08 200 8 16.5 1065 5.3% 2.3 7.7 24.2 17.0 2.8  4.7  3.3  24.4

E2 20.23  0.08  0.35 0.08 200 8 16.5 850 4.7% 2.2 6.5 23.0 15.8 2.9 4.8 4.7 34.2

E3 5.71  0.08  0.35 0.08 200 16 13.1 335 11.9% 3.5 1.6 14.7 13.0 3.5 6.0 1.6 11.9

E4 3.78  0.08  0.35 0.08 200 16 13.1 390 7.2% 2.7 2.4 15.5 13.3 3.5 5.8 1.0 7.7

E5 10.47  0.08  0.35 0.08 200 12 14.4 735 6.3% 2.5 4.9 19.3 15.2 3.1 5.3 2.6 19.3

E6 4.99  0.08  0.35 0.08 200 16 13.1 600 5.7% 2.4 4.2 17.3 14.4 3.3 5.5 1.3 9.7

E7 5.94  0.08  0.35 0.08 200 9 15.9 585 8.4% 2.9 3.4 19.2 14.4 3.1 5.3 1.5 11.0

E8 33.82  0.08  0.35 0.08 200 7 17.2 1620 3.0% 1.7 15.7 32.9 20.1 2.3 3.9 6.3 46.5

E9 39.03  0.08  0.35 0.08 200 6 18.1 2400 1.3% 1.1 35.2 53.3 24.4 1.6 2.7 5.1 37.1

E10 20.28  0.08  0.35 0.08 200 10 15.3 1300 3.2% 1.8 12.2 27.5 18.3 2.6 4.4 4.2 31.1

E11 8.43  0.08  0.35 0.08 200 6 18.1 425 3.5% 1.9 3.8 21.9 13.5 3.0 5.0 2.0 14.6

E12 39.47  0.08  0.35 0.08 200 7 17.2 1780 2.0% 1.4 21.2 38.4 21.0 3.0 3.5 9.5 48.9

E13 4.42 0.08  0.35 0.08 200 6 18.1 780 2.8% 1.7 7.7 25.9 15.4 3.5 4.5 1.2 7.0

E14 1.40  0.08  0.35 0.08 200 4 20.7 235 1.7% 1.3 3.0 23.7 12.4 2.8 4.8 0.3 2.3

E15 1.48  0.08  0.35 0.08 200 6 18.1 260 2.3% 1.5 0.0 18.1 12.6 3.2 5.4 0.4 2.8

E16 24.51  0.08  0.35 0.08 200 10 15.3 1440 2.9% 1.7 14.1 29.4 19.1 2.5 4.2 4.9 36.2

W1 0.56 0.08  0.35 0.08 200 7 17.2 17.2 11.1 3.3 5.6 0.1 1.1

W2 1.53  0.08  0.35 0.08 200 13 14.0 14.0 11.1 3.6 6.1 0.4 3.3

W3 0.87  0.08  0.35 0.08 50 1 10.4 10.4 10.3 4.1 6.8 0.3 2.1

W4 1.00  0.08  0.35 0.08 50 4 6.6 6.6 10.3 4.1 6.9 0.3 2.4

W5 19.36 0.08  0.35 0.08 200 8 16.5 1000 6.6% 2.6 6.5 23.0 16.7 2.9 4.8 4.5 32.8

W6 4.51  0.08  0.35 0.08 200 8 16.5 1250 2.1% 1.4 14.4 30.9 18.1 2.4 4.1 0.9 6.5

W7 24.49  0.08  0.35 0.08 200 12 14.4 1802 5.2% 2.3 13.1 27.6 21.1 2.6 4.4 5.1 37.5

W8 18.66 0.18  0.41 0.18 100 8 8.4 1340 1.9% 1.4 16.0 24.4 18.0 2.8 4.7 9.2 36.2

W9 1.68  0.08  0.35 0.08 200 5 19.2 200 2.0% 1.4 2.4 21.6 12.2 3.0 5.0 0.4 2.9

W10 3.47  0.08  0.35 0.08 200 3 22.8 575 2.1% 1.4 6.6 29.4 14.3 2.5 4.2 0.7 5.1

* Intensity equations assume a minimum travel time of 5 minutes. Calculated by: 

3 Date: 

Checked by: 

 EXISTING CONDITIONS

ENCLAVES AT MOUNTAIN VISTA RANCH EAST

Time of Travel (Tt) 

DLM

From DCM Table 5-1

9/14/2022

(Area Drainage Summary)
From Area Runoff Coefficient Summary TOTAL  FLOWS

VAS

INTENSITY * 

MS CIVIL, INC.

Existing Conditions MDDP Drainage Calcs.xls  Page 1 9/14/2022



OVERLAND PIPE  /  CHANNEL FLOW  INTENSITY * TOTAL  FLOWS

DESIGN POINT CONTRIBUTING BASINS CA5 CA100  C 5 Length Height TC Length Slope Velocity Tt TOTAL I5 I100  Q5 Q100 COMMENTS

(ft) (ft) (min) (ft) (%) (fps) (min) (min) (in/hr) (in/hr) (c.f.s.) (c.f.s.)

1 E1, E2 2.81 12.28 24.2 915 1.3% 1.1 13.3 37.5 2.1 3.6 6.0 44.2 Exist. Channel Drop Structure 

2 E3 0.46 2.00  14.7  3.5 6.0  1.6  11.9 Exist. Channel Drop Structure

3 E4 0.30  1.32 15.5 3.5 5.8  1.0 7.7  Exist. Channel Drop Structure

4 E5 0.84  3.66 19.3 3.1 5.3 2.6  19.3  Exist. Channel Drop Structure

5 E6 0.40  1.75 17.3 3.3 5.5 1.3  9.7  Exist. Channel Drop Structure

6 E7 0.47  2.08  19.2 3.1 5.3 1.5  11.0 Exist. EFSCST Channel

7 E8, E9 5.83 25.50 32.9  2680 1.7% 1.3 34.5 67.4 1.3 2.1 7.4  54.2 Southern Property Boundary

Exist. Earthen swale

8 E10, E11 2.30  10.05 27.5 500 3.0% 1.7  4.8 32.3 2.4 4.0 2.1 39.9

9 DP8, E12 5.45 23.86 32.3 1730 2.2% 1.5 19.5 51.8  1.7  2.8 9.1 66.5  Southern Property Boundary

Exist. Earthen swale

Time of Travel (Tt) 

See Area Drainage Sheet for Input

Basin E8 Tc Used

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

DP8 Tc Used

ENCLAVES AT MOUNTAIN VISTA RANCH EAST

 EXISTING CONDITIONS

(Basin Routing Summary)

From Area Runoff Coefficient Summary

See Area Drainage Sheet for Input

Basin E1 Tc Used

See Area Drainage Sheet for Input

Basin E10 Tc Used

MS CIVIL, INC.
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OVERLAND PIPE  /  CHANNEL FLOW  INTENSITY * TOTAL  FLOWS

DESIGN POINT CONTRIBUTING BASINS  CA5 CA100  C 5 Length Height TC Length Slope Velocity Tt TOTAL I5 I100  Q5 Q100 COMMENTS

(ft) (ft) (min) (ft) (%) (fps) (min) (min) (in/hr) (in/hr) (c.f.s.) (c.f.s.)

Time of Travel (Tt) 

ENCLAVES AT MOUNTAIN VISTA RANCH EAST

 EXISTING CONDITIONS

(Basin Routing Summary)

From Area Runoff Coefficient Summary

10 E13, E14 0.47  2.04 25.9  430 1.9% 1.4  5.3 31.1 2.4 4.1 1.1 8.3  Eastern Boundary

Exist. Earthen swale

11 E15, E16 2.08  9.09 18.1 1660 2.3% 1.5 18.3 36.4 2.2 3.7  4.6  33.4  Southern Property Boundary

Exist. Earthen swale

12 W1, W2 0.17 0.73 17.2 250 9.6% 3.1 1.3 18.6 3.2 5.4  0.5  3.9 Southern Property Boundary

13 W3 0.07  0.31 10.4 4.1 6.8  0.3  2.1 Falcon Trucking 

Exist. Earthen swale

14 W4 0.08  0.35 10.3 4.1 6.9  0.3  2.4 Existing Lots 

EMV Filng No. 6

15 W5, W6 1.91 8.36 23.0 325 3.7% 1.9  2.8 25.8 2.7 4.5 5.2 38.0 Exist. Earthen Swale

16 W7, W8, DP15 7.17 24.66 27.6 1300 1.5% 1.2 17.9 45.5 1.9  3.1 13.3  76.8  Exist. Pond Enclaves Filing 7

17 W9, W10 0.41 1.81 21.6 690 1.7% 1.3 8.7 30.3 2.5 4.1 1.0 7.5 Exist. Channel Drop Structure 

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

Basin W9 Tc Used

Basin W5 Used

Basin W7 Used

Basin E13 Tc Used

Basin E15 Tc Used

Basin W1 Tc Used

MS CIVIL, INC.
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BASIN
TOTAL

AREA AREA C5 C100 AREA C5 C100 AREA C5 C100 C5 C100

(Acres) (Acres) (Acres) (Acres)

E1 1473331.5 33.82 33.82 0.08 0.35 0.00 0.40 0.56 0.00 0.12 0.39 0.08 0.35

E2 1075906.6 24.70 24.70 0.08 0.35 0.00 0.40 0.56 0.00 0.12 0.39 0.08 0.35

E3 363126.4 8.34 0.00 0.08 0.35 7.09 0.90 0.96 1.25 0.12 0.39 0.78 0.87

E4 453660.2 10.41 0.00 0.08 0.35 10.41 0.81 0.88 0.00 0.12 0.39 0.81 0.88

E5 875600.2 20.10 0.00 0.08 0.35 20.10 0.45 0.60 0.00 0.12 0.39 0.45 0.60

E6 976066.8 22.41 0.00 0.08 0.35 22.41 0.45 0.60 0.00 0.12 0.39 0.45 0.60

E7 681000.0 15.63 0.00 0.08 0.35 15.63 0.45 0.60 0.00 0.12 0.39 0.45 0.60

E8 687969.3 15.79 0.00 0.08 0.35 15.79 0.45 0.60 0.00 0.12 0.39 0.45 0.60

E9 1700269.8 39.03 0.00 0.08 0.35 39.03 0.45 0.60 0.00 0.12 0.39 0.45 0.60

E10 1008523.8 23.15 3.64 0.08 0.35 17.36 0.45 0.60 2.15 0.90 0.96 0.43 0.59

E11 50795.1 1.17 1.17 0.08 0.35 0.00 0.40 0.56 0.00 0.12 0.39 0.08 0.35

E12 64032.9 1.47 1.47 0.08 0.35 0.00 0.40 0.56 0.00 0.12 0.39 0.08 0.35

E13 50500.0 1.16 1.16 0.08 0.35 0.00 0.40 0.56 0.00 0.12 0.39 0.08 0.35

E14 58121.2 1.33 1.33 0.08 0.35 0.00 0.40 0.56 0.00 0.12 0.39 0.08 0.35

E15 240533.9 5.52 0.00 0.08 0.35 5.52 0.81 0.88 0.00 0.12 0.39 0.81 0.88

E16 404876.8 9.29 0.00 0.08 0.35 2.28 0.90 0.96 7.02 0.12 0.39 0.31 0.53

E17 154814.8 3.55 0.00 0.08 0.35 3.02 0.90 0.96 0.53 0.12 0.39 0.78 0.87

E18 140976.9 3.24 0.00 0.08 0.35 0.00 0.40 0.56 3.24 0.12 0.39 0.12 0.39

E19 76878.0 1.76 1.76 0.08 0.35 0.00 0.40 0.56 0.00 0.12 0.39 0.08 0.35

E20 646999.2 14.85 14.85 0.08 0.35 0.00 0.40 0.56 0.00 0.12 0.39 0.08 0.35

W1 230874.7 5.30 5.30 0.08 0.35 0.00 0.40 0.56 0.00 0.12 0.39 0.08 0.35

W2 111910.6 2.57 0.26 0.08 0.35 2.18 0.90 0.96 0.13 0.12 0.39 0.78 0.87

W3 29139.5 0.67 0.67 0.08 0.35 0.00 0.40 0.56 0.00 0.12 0.39 0.08 0.35

W4 55852.4 1.28 1.28 0.08 0.35 0.00 0.40 0.56 0.00 0.12 0.39 0.08 0.35

W5 1784156.1 40.96 40.96 0.08 0.35 0.00 0.40 0.56 0.00 0.12 0.39 0.08 0.35

W6 168373.8 3.87 0.00 0.08 0.35 3.29 0.90 0.96 0.58 0.12 0.39 0.78 0.87

W7 249691.7 5.73 0.00 0.08 0.35 4.87 0.90 0.96 0.86 0.12 0.39 0.78 0.87

W8 791521.3 18.17 4.29 0.12 0.39 5.47 0.45 0.60 8.41 0.40 0.56 0.35 0.53

ENCLAVES AT MOUNTAIN VISTA RANCH EAST

PROPOSED CONDITIONS

(Area Runoff Coefficient Summary)

UNDEVELOPED DEVELOPED LOTS OTHER RUNOFF COEFFICIENT

MS CIVIL, INC
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OVERLAND STREET  /  CHANNEL FLOW

BASIN
AREA

TOTAL
C5 C100 C5 Length Height TC Length Slope Velocity Tt TOTAL CHECK I5 I100 Q5 Q100

(Acres) (ft) (ft) (min) (ft) (%) (fps) (min) (min) (min) (in/hr) (in/hr) (c.f.s.) (c.f.s.)

E1 33.82 0.08 0.35 0.08 200 8 16.5 1620 3.0% 1.7 15.7 32.2 20.1 2.4 4.0 6.4 47.2

E2 24.70 0.08 0.35 0.08 200 8 16.5 1920 2.4% 1.5 20.7 37.2 21.8 2.2 3.6 4.3 31.3

E3 8.34 0.78 0.87 0.78 60 1.2 3.5 1380 2.9% 3.4 6.8 10.3 18.0 4.1 6.9 26.7 50.0

E4 10.41 0.81 0.88 0.81 80 2 3.5 600 3.0% 3.5 2.9 6.3 13.8 4.8 8.1 40.6 74.0

E5 20.10 0.45 0.60 0.45 100 2 9.3 900 4.0% 4.0 3.8 13.1 15.6 3.7 6.3 33.7 75.4

E6 22.41 0.45 0.60 0.45 100 2 9.3 1100 2.2% 3.0 6.2 15.5 16.7 3.5 5.8 35.0 78.3

E7 15.63 0.45 0.60 0.45 100 2 9.3 850 2.4% 3.1 4.6 14.0 15.3 3.6 6.1 25.5 57.2

E8 15.79 0.45 0.60 0.45 100 2 9.3 1230 2.5% 3.2 6.5 15.8 17.4 3.4 5.8 24.5 54.8

E9 39.03 0.45 0.60 0.45 100 2 9.3 1200 1.8% 2.7 7.4 16.7 17.2 3.4 5.6 59.0 132.0

E10 23.15 0.43 0.59 0.43 100 2 9.6 1000 3.4% 3.7 4.5 14.1 16.1 3.6 6.1 36.3 83.5

E11 1.17 0.08 0.35 0.08 200 6 18.1 18.1 11.1 3.2 5.4 0.3 2.2

E12 1.47 0.08 0.35 0.08 125 10 10.4 285 2.0% 1.4 3.4 13.7 12.3 3.8 6.1 0.4 3.2

E13 1.16 0.08 0.35 0.08 50 14 4.3 250 2.0% 1.4 2.9 7.3 11.7 3.9 7.7 0.4 3.1

PROPOSED CONDITIONS

ENCLAVES AT MOUNTAIN VISTA RANCH EAST

Time of Travel (T t )

From DCM Table 5-1

(Area Drainage Summary)
From Area Runoff Coefficient Summary TOTAL  FLOWS INTENSITY *

E13 1.16 0.08 0.35 0.08 50 14 4.3 250 2.0% 1.4 2.9 7.3 11.7 3.9 7.7 0.4 3.1

E14 1.33 0.08 0.35 0.08 50 14 4.3 350 2.0% 1.4 4.1 8.5 12.2 4.4 7.4 0.5 3.4

E15 5.52 0.81 0.88 0.81 80 2 3.5 680 4.6% 4.3 2.7 6.1 14.2 4.9 8.2 21.8 39.7

E16 9.29 0.31 0.53 0.31 100 6 7.9 359 6.7% 2.6 2.3 10.2 12.6 4.1 6.9 11.8 33.9

E17 3.55 0.78 0.87 0.78 60 1 3.5 200 2.0% 2.8 1.2 5.0 11.4 5.2 8.7 14.4 27.0

E18 3.24 0.12 0.39 0.12 60 12 5.1 5.1 10.3 5.1 8.6 2.0 10.9

E19 1.76 0.08 0.35 0.08 100 10 8.6 1045 3.3% 3.6 4.8 13.4 16.4 3.7 6.2 0.5 3.8

E20 14.85 0.08 0.35 0.08 200 8 16.5 940 6.0% 2.4 6.4 22.9 16.3 2.9 4.8 3.4 25.2

W1 5.30 0.08 0.35 0.08 200 8 16.5 1325 4.7% 2.2 10.2 26.7 18.5 2.7 4.5 1.1 8.3

W2 2.57 0.78 0.87 0.78 60 1.2 3.6 525 5.3% 4.6 1.9 5.5 13.3 5.0 8.5 10.1 18.9

W3 0.67 0.08 0.35 0.08 40 8 4.3 5.0 10.2 5.2 8.7 0.3 2.0

W4 1.28 0.08 0.35 0.08 50 4 6.6 6.6 10.3 4.8 8.0 0.5 3.6

W5 40.96 0.08 0.35 0.08 200 12 14.4 2260 4.4% 2.1 17.9 32.3 23.7 2.4 4.0 7.8 57.0

W6 3.87 0.78 0.87 0.78 100 4 3.6 1070 2.2% 3.0 6.0 9.6 16.5 4.2 7.0 12.7 23.8

W7 5.73 0.78 0.87 0.78 80 2 3.8 1000 1.3% 2.3 7.3 11.1 16.0 4.0 6.7 17.8 33.4

W8 18.17 0.35 0.53 0.35 100 2 10.8 1500 7.1% 5.3 4.7 15.5 18.9 3.5 5.8 22.0 56.4

* Intensity equations assume a minimum travel time of 5 minutes. Calculated by:

E1, E2 are evaluted as historic watersheds and thus have a longer than 100' initial overland flow length 3 Date:

Checked by:

DLM

9/16/2022

VAS

MS CIVIL, INC.
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OVERLAND PIPE  /  CHANNEL FLOW INTENSITY * TOTAL  FLOWS 

DESIGN POINT CONTRIBUTING BASINS CA5 CA100 C5 Length Height TC Length Slope Velocity Tt TOTAL LocationI5 I100 Q5 Q100 COMMENTS

(ft) (ft) (min) (ft) (%) (fps) (min) (min) (in/hr) (in/hr) (c.f.s.) (c.f.s.)

1 E1 2.71 11.84 32.2 2.4 4.0 6.4 47.2 Prop. 36" Storm Drain

Future Detention Facility (By Others)

2 E2 1.98 8.64 37.2 2.2 3.6 4.3 31.3 Prop. 30" Storm Drain

Future Detention Facility (By Others)

3 E3 6.53 7.29 10.3 4.1 6.9 26.7 50.0 Prop. 42" Storm Drain

Low Point with Barnes

4 PR4, E4 14.96 16.45 10.3 10.3 4.1 6.9 61.2 112.9 FSD Pond 1

5 E5 9.05 12.06 13.1 3.7 6.3 33.7 75.4 FSD Pond 2

6 PR7 0.46 5.74 70.0 1.2 2.0 0.6 11.6 Proposed 18" RCP 

Riprap Outfall 

Ex. Earthen Channel

7 E6 10.08 13.44 15.5 3.5 5.8 35.0 78.3 FSD Pond 3

8 PR6, PR8 5.92 39.38 61.8 1.4 2.3 8.3 92.3 Proposed 18" RCP 

Riprap Outfall 

Ex. Earthen Channel

9 E7 7.04 9.38 14.0 3.6 6.1 25.5 57.2 Prop. 36" Storm Drain

10 E8 7.11 9.48 15.8 3.4 5.8 24.5 54.8 Prop. 36" Storm Drain

11 E9 17.56 23.42 16.7 3.4 5.6 59.0 132.0 Prop. 36" Storm Drain

12 E10, PR14 41.74 56.03 14.1 14.1 3.6 6.1 150.9 340.0 FSD Pond 4

13 E11, PR15 2.34 43.31 70.0 1.2 2.0 2.8 87.9 Existing EFSCST

14 E12 0.12 0.51 13.7 3.7 6.1 0.4 3.2 Existing Channel Drop Strcuture

15 E13 0.09 0.41 7.3 4.6 7.7 0.4 3.1 Existing Channel Drop Strcuture

Time of Travel (T t )

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

Pond 2 Worksheet

See Area Drainage Sheet for Input

PR15 Tc Used

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

Basin W1 Tc Used

ENCLAVES AT MOUNTAIN VISTA RANCH EAST

PROPOSED CONDITIONS

(Basin Routing Summary)

From Area Runoff Coefficient Summary

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

PR4 Tc Used

Avg of PR6, PR8 Tc Used

MS CIVIL, INC.
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OVERLAND PIPE  /  CHANNEL FLOW INTENSITY * TOTAL  FLOWS 

DESIGN POINT CONTRIBUTING BASINS CA5 CA100 C5 Length Height TC Length Slope Velocity Tt TOTAL LocationI5 I100 Q5 Q100 COMMENTS

(ft) (ft) (min) (ft) (%) (fps) (min) (min) (in/hr) (in/hr) (c.f.s.) (c.f.s.)

Time of Travel (T t )

ENCLAVES AT MOUNTAIN VISTA RANCH EAST

PROPOSED CONDITIONS

(Basin Routing Summary)

From Area Runoff Coefficient Summary

16 E14 0.11 0.47 8.5 4.4 7.4 0.5 3.4 Existing Pond Enclaves Filing 7

17 W1 0.42 1.86 26.7 2.7 4.5 1.1 8.3 Prop. Temporary Earthen Swale

18 W2 2.00 2.24 5.5 5.0 8.5 10.1 18.9 Prop. 24"  Storm Drain

19 W3 0.05 0.23 5.0 5.2 8.7 0.3 2.0 Exist. Temporary Earthen Swale

20 W4 0.10 0.45 6.6 4.8 8.0 0.5 3.6 Exist. EMV Filing 6 Lots

21 W5 3.28 14.34 32.3 2.4 4.0 7.8 57.0 Prop. Temporary Earthen Swale

22 W6 3.03 3.38 9.6 4.2 7.0 12.7 23.8 Prop. 30"  Storm Drain

23 W7 4.49 5.01 11.1 4.0 6.7 17.8 33.4 Prop. 30"  Storm Drain

24 E17 2.78 3.11 5.0 5.2 8.7 14.4 27.0 Prop. 30"  Storm Drain

25 E16 2.89 4.92 10.2 4.1 6.9 11.8 33.9 Prop. 30"  Storm Drain

26 PR19, PR20, PR21,  E18 13.58 19.53 10.2 10.2 4.1 6.9 55.7 134.4 FSD Pond 6

27 E15 4.47 4.86 6.1 4.9 8.2 21.8 39.7 FSD Pond 5

28 PR24, E19 1.04 18.47 70.0 70.0 1.2 2.0 1.3 37.5 Prop 30" Storm Drain

Existing Channel Drop Structure

29 W8 6.34 9.67 15.5 3.5 5.8 22.0 56.4 FSD Pond 7

30 PR25 2.10 9.40 70.0 1.2 2.0 2.5 19.1 Exist 24" RCP

31 E20 1.19 5.20 22.9 2.9 4.8 3.4 25.2 Prop. Temporary Earthen Swale

PR 25 Tc Used

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

PR 21 Tc Used

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

See Area Drainage Sheet for Input

PR 24 Tc Used

See Area Drainage Sheet for Input

MS CIVIL, INC.
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Intensity* Flow PIPE SIZE

PIPE RUN
Contributing

Pipes/Design Points

Equivalent

CA 5

Equivalent

CA 100

Maximum

T C

I 5 I 100 Q 5 Q 100

1 DP1 2.71 11.84 32.2 2.4 4.0 6.4 47.2 36" Storm Drain

2 DP2 1.98 8.64 37.2 2.2 3.6 4.3 31.3 30"  Storm Drain

3 PR1, PR2 4.68 20.48 37.2 2.2 3.6 10.1 74.2 42"  Storm Drain

4 DP3 6.53 7.29 10.3 4.1 6.9 26.7 50.0 36"  Storm Drain

5 POND 1 OUTFALL * 0.62 10.65 70.0 1.2 2.0 0.8 21.6 24"  Storm Drain

6 PR3, PR5 5.30 31.13 53.6 1.6 2.7 8.5 84.1 42"  Storm Drain

7 POND 2 OUTFALL** 0.46 5.74 70.0 1.2 2.0 0.6 11.6 18"  Storm Drain

8 POND 3 OUTFALL** 0.62 8.25 70.0 1.2 2.0 0.8 16.7 18"  Storm Drain

9 PR6, PR8 5.92 39.38 61.8 1.4 2.3 8.3 92.3 36"  Storm Drain

10 DP9 7.04 9.38 14.0 3.6 6.1 25.5 57.2 36"  Storm Drain

11 DP10 7.11 9.48 15.8 3.4 5.8 24.5 54.8 36"  Storm Drain

12 PR10, PR11 14.14 18.86 16.0 3.4 5.7 48.4 108.4 48"  Storm Drain

13 DP11 17.56 23.42 16.7 3.4 5.6 59.0 132.0 48"  Storm Drain

14 PR12, PR13 31.71 42.28 17.0 3.3 5.6 105.7 236.5 60"  Storm Drain

15 POND 4 OUTFALL** 2.25 42.90 70.0 1.2 2.0 2.7 87.0 42"  Storm Drain

16 DP18 2.00 2.24 5.5 5.0 8.5 10.1 18.9 24"  Storm Drain

17 DP22 3.03 3.38 9.6 4.2 7.0 12.7 23.8 30"  Storm Drain

18 DP23 4.49 5.01 11.1 4.0 6.7 17.8 33.4 30"  Storm Drain

19 PR17, PR18 7.51 8.39 11.1 4.0 6.7 29.9 56.0 36"  Storm Drain

20 DP24 2.78 3.11 5.0 5.2 8.7 14.4 27.0 30"  Storm Drain

21 DP25 2.89 4.92 10.2 4.1 6.9 11.8 33.9 30"  Storm Drain

22 POND 6 OUTFALL** 0.70 15.90 70.0 1.2 2.0 0.8 32.3 30"  Storm Drain

23 POND 5 OUTFALL** 0.20 1.95 70.0 1.2 2.0 0.2 4.0 18"  Storm Drain

24 PR22, PR23 0.90 17.85 70.0 1.2 2.0 2.0 36.2 30"  Storm Drain

25 POND 7 OUTFALL** 2.10 9.40 70.0 1.2 2.0 2.5 19.1 24"  Storm Drain

* Intensity equations assume a minimum travel time of 5 minutes. Calculated by:

DP - Design Point Date:

EX - Existing Design Point Checked by:INT- Intercepted Flow from Design Point VAS

ENCLAVES AT MOUNTAIN VISTA RANCH EAST

PROPOSED CONDITIONS

(Storm Sewer Routing Summary)

DLM

  FB- Flow By from Design Point 9/16/2022

MS CIVIL, INC
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HYDRAULIC CALCULATIONS



DIAMETER (in) 80% FULL @ 1% SLOPE (cfs) VELOCITY (ft/s)

8 1.2 3.9

12 3.5 5.2

15 6.3  6.0

18  10.3  6.8

24 22.1  8.2

30  40.1  9.5

36  65.2 10.8

42 98.3  11.9

48  140.4 13.0

54 192.2 14.1

60 254.5 15.1

66 328.2 16.1

72 413.9 17.1

78 486.1 @ 0.9%  17.1

84 558.5 @ 0.8%  16.9

90 627.9 @ 0.7%  16.6

96  745.8 @ 0.7%  17.3

PIPE CAPACITY



POND CALCULATIONS



Contributing 

Basins 

Area

(Acres) C 5 Impervious % (I) (Acres)*(I)

E3 8.34 0.78 0.92 7.67

E4 10.41 0.81 0.95 9.89

Totals 18.75 17.56

Total

Imperviousness 0.94

Contributing 

Basins 

Area

(Acres) C 5 Impervious % (I) (Acres)*(I)

E5 20.10 0.45 0.65 13.07

Totals 20.10 13.07

Total

Imperviousness 0.65

Contributing 

Basins 

Area

(Acres) C 5 Impervious % (I) (Acres)*(I)

Column1 Column2 Column3 Column4 Column5

E6 22.40 0.45 0.65 14.56

Totals 22.40 14.56

Total

Imperviousness 0.65

Contributing 

Basins 

Area

(Acres) C 5 Impervious % (I) (Acres)*(I)

E7 15.63 0.45 0.65 10.16

E8 15.79 0.45 0.65 10.27

E9 39.03 0.45 0.65 25.37

E10 23.15 0.43 0.62 14.35

Totals 93.61 60.15

Total

Imperviousness 0.64

Contributing 

Basins 

Area

(Acres) C 5 Impervious % (I) (Acres)*(I)

E15 5.50 0.81 0.95 5.23

Totals 5.50 5.23

Total

Imperviousness 0.95

Total Weighted Percent Imperviousness (Pond 1)

Weighted Percent Imperviousness (Pond 4)

Total Weighted Percent Imperviousness (Pond 2)

Total Weighted Percent Imperviousness (Pond 3)

Total Weighted Percent Imperviousness (Pond 5)



Contributing 

Basins 

Area

(Acres) C 5 Impervious % (I) (Acres)*(I)

E16 9.29 0.31 0.42 3.90

E17 3.55 0.78 0.87 3.09

E18 3.24 0.12 0.07 0.23

W6 3.87 0.78 0.87 3.36

W7 5.73 0.78 0.87 4.99

Totals 25.68 15.57

Total

Imperviousness 0.61

Contributing 

Basins 

Area

(Acres) C 5 Impervious % (I) (Acres)*(I)

W8 18.17 0.35 0.48 8.72

Totals 18.17 8.72

Total

Imperviousness 0.48

Weighted Percent Imperviousness (Pond 6)

Total Weighted Percent Imperviousness (Pond 7)



Project: 

Basin ID: 

Depth Increment = ft

Watershed Information 6666.67 Top of Micropool -- 0.00 -- -- -- 0 0.000

Selected BMP Type = EDB -- 0.33 -- -- -- 40  0.001 7 0.000

Watershed Area = 18.75 acres -- 1.33 -- -- -- 10,300  0.236  5,176  0.119

Watershed Length = 925 ft -- 3.33 -- -- -- 15,000  0.344  30,476  0.700

Watershed Length to Centroid = 450  ft -- 5.33 -- -- -- 19,490  0.447 64,966  1.491

Watershed Slope = 0.040  ft/ft -- 7.33 -- -- -- 24,300  0.558  108,756  2.497

Watershed Imperviousness = 94.00%  percent -- 9.33 -- -- -- 29,460  0.676  162,516  3.731

Percentage Hydrologic Soil Group A = 53.0%  percent -- -- -- --

Percentage Hydrologic Soil Group B = 47.0%  percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 0.0%  percent -- -- -- --

Target WQCV Drain Time = 40.0  hours -- -- -- --

Location for 1-hr Rainfall Depths = User Input -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.684  acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 2.217 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 1.621 acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 2.088  acre-feet 1.50  inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 2.472  acre-feet 1.75 inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 2.868  acre-feet 2.00  inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 3.257 acre-feet 2.25 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 3.689 acre-feet 2.52  inches -- -- -- --

500-yr Runoff Volume (P1 = 3.14 in.) = 4.659 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 1.600  acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 2.076  acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 2.493 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 2.808  acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 2.988  acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 3.144  acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (WQCV) = 0.684  acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 1.533 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.927 acre-feet -- -- -- --

Total Detention Basin Volume = 3.144  acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft
 3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (A  ISV) = 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 (A  FLOOR) = user ft
 2 -- -- -- --

Volume of Basin Floor (V  FLOOR) = 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 (A  MAIN) = user ft
 2 -- -- -- --

Volume of Main Basin (V  MAIN) = user ft
 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user  acre-feet -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

After providing required inputs above including 1-hour rainfall

depths, click 'Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure.
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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

3.29 Zone 1 (WQCV) 3.29 Zone 1 (WQCV)

6.82  Zone 2 (EURV) 6.82  Zone 2 (EURV)

8.43 Zone 3 (100-year) 8.43 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.04 (February 2021)
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  Project: 

  Basin ID: 

Estimated Estimated

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

Zone 1 (WQCV) 3.29 0.684 Orifice Plate

Zone 2 (EURV) 6.82 1.533 Orifice Plate

Zone 3 (100-year) 8.43 0.927 Weir&Pipe (Restrict)

Total (all zones) 3.144

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft
2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate

Invert of Lowest Orifice = 0.00  ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 2.736E-02  ft
2

Depth at top of Zone using Orifice Plate = 6.82  ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 27.30  inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 3.94 sq. inches (use rectangular openings) Elliptical Slot Area = N/A ft
2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 2.27 4.55

Orifice Area (sq. inches) 3.94 3.94 3.94

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice

Not Selected Not Selected Not Selected Not Selected

Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A N/A ft
2

Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet

Vertical Orifice Diameter = N/A N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir

grate  Zone 3 Weir  Not Selected Zone 3 Weir  Not Selected

Overflow Weir Front Edge Height, Ho = 6.82 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 6.82 N/A feet

Overflow Weir Front Edge Length = 9.00 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 = 8.09 N/A

Horiz. Length of Weir Sides = 4.00 N/A feet Overflow Grate Open Area w/o Debris = 25.06 N/A ft
2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 12.53 N/A ft
2

Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Zone 3 Restrictor  Not Selected Zone 3 Restrictor  Not Selected

Depth to Invert of Outlet Pipe = 0.33  N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 3.10  N/A ft
2 

Outlet Pipe Diameter = 24.00  N/A inches Outlet Orifice Centroid = 0.99 N/A feet

Restrictor Plate Height Above Pipe Invert = 23.00  inches Half-Central Angle of Restrictor Plate on Pipe = 2.73  N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 7.50  ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.94 feet

Spillway Crest Length = 29.00  feet Stage at Top of Freeboard = 9.44 feet

Spillway End Slopes = 4.00  H:V Basin Area at Top of Freeboard = 0.68  acres

Freeboard above Max Water Surface = 1.00  feet Basin Volume at Top of Freeboard = 3.73  acre-ft

Max Ponding Depth of Target Storage Volume = 7.45  feet Discharge at Top of Freeboard = 302.79 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  3.14

CUHP Runoff Volume (acre-ft) = 0.684 2.217 1.621  2.088  2.472  2.868  3.257 3.689 4.659

Inflow Hydrograph Volume (acre-ft) = N/A N/A 1.621  2.088  2.472  2.868  3.257 3.689 4.659

CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.4 2.3  6.5  14.6  20.0  27.0  40.4

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.02  0.12  0.35  0.78  1.06  1.44 2.16

Peak Inflow Q (cfs) = N/A N/A 39.6  50.5  59.3  69.8  79.2  87.7 110.4

Peak Outflow Q (cfs) = 0.4 0.8  0.7 0.8  3.4 7.1  12.3  21.6  47.1

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.3  0.5  0.5  0.6  0.8  1.2

Structure Controlling Flow = Plate  Overflow Weir 1  Plate  Plate  Overflow Weir 1  Overflow Weir 1  Overflow Weir 1  Overflow Weir 1  Spillway

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.1  0.2  0.5  0.8  1.5

Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 38 66  59 65  68  67 66  65  63

Time to Drain 99% of Inflow Volume (hours) = 40 70 62  69 73  73  72  72  71

Maximum Ponding Depth (ft) = 3.29 6.82  5.43  6.36  6.98  7.10  7.24 7.45  7.73

Area at Maximum Ponding Depth (acres) = 0.34 0.53  0.45  0.50  0.54 0.55  0.55  0.56  0.58

Maximum Volume Stored (acre-ft) = 0.686  2.219 1.532  1.982  2.299 2.370  2.447 2.558  2.719

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.04 (February 2021)

Enclaves at Mountain Vista East

Pond 1

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

ExampleZone 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  330 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 544 Slope 0.040

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV  683 Shape 1.05

Hidden Parameters & Calculations  0.67(diameter = 15/16 inch) 5 Year 637

MaxPondDepth_Error? FALSE  0.76  (diameter = 1 inch) 10 Year 699 Spillway Depth

Cd_Broad-Crested Weir  3.00 0.86(diameter = 1-1/16 inches) 25 Year 711 0.94

WQ Plate Flow at 100yr depth = 0.88 0.97(diameter = 1-1/8 inches) 50 Year 725

CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 746 1 Z1_Boolean

n*Cdw #1 = 0.60 1.20(diameter = 1-1/4 inches) 500 Year 774 1 Z2_Boolean

n*Cdo #1 = 0.74 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean  Outlet Rank  Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 1 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 10.00  170,000  310  

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 4.04 (February 2021)
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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 0.77 0.08 2.45

0:15:00 0.00 0.00 6.82 11.09 13.70 9.18 11.13 11.13 15.01

0:20:00 0.00 0.00 21.51 27.33 31.94 19.76 22.62 24.69 31.44

0:25:00 0.00 0.00 39.61 50.49 59.31 38.87 44.17 46.82 59.32

0:30:00 0.00 0.00 35.78 44.17 50.22 69.83 79.19 87.70 110.36

0:35:00 0.00 0.00 24.87 30.14 34.19 58.44 66.10 78.95 98.99

0:40:00 0.00 0.00 18.03 21.25 24.18 44.53 50.33 58.79 73.69

0:45:00 0.00 0.00 11.65 14.88 17.41 31.82 35.99 44.72 56.07

0:50:00 0.00 0.00 8.25 11.41 12.67 24.43 27.62 33.32 41.79

0:55:00 0.00 0.00 7.02 9.39 11.07 16.82 19.00 24.49 30.75

1:00:00 0.00 0.00 6.62 8.70 10.60 13.76 15.54 21.07 26.48

1:05:00 0.00 0.00 6.50 8.43 10.42 12.59 14.22 19.81 24.91

1:10:00 0.00 0.00 5.37 8.32 10.38 10.49 11.85 14.12 17.74

1:15:00 0.00 0.00 4.81 7.52 10.38 9.52 10.76 11.48 14.41

1:20:00 0.00 0.00 4.55 6.72 9.15 7.95 8.98 8.28 10.38

1:25:00 0.00 0.00 4.39 6.34 7.51 7.15 8.08 6.61 8.27

1:30:00 0.00 0.00 4.34 6.13 6.72 6.02 6.79 5.88 7.36

1:35:00 0.00 0.00 4.34 6.03 6.31 5.48 6.18 5.61 7.01

1:40:00 0.00 0.00 4.34 5.01 6.11 5.24 5.90 5.51 6.88

1:45:00 0.00 0.00 4.34 4.52 6.06 5.14 5.78 5.51 6.89

1:50:00 0.00 0.00 4.34 4.29 6.06 5.10 5.74 5.51 6.89

1:55:00 0.00 0.00 3.20 4.15 5.72 5.10 5.74 5.51 6.89

2:00:00 0.00 0.00 2.65 3.81 4.89 5.10 5.74 5.51 6.89

2:05:00 0.00 0.00 1.24 1.81 2.31 2.42 2.72 2.61 3.27

2:10:00 0.00 0.00 0.54 0.84 1.05 1.12 1.26 1.21 1.51

2:15:00 0.00 0.00 0.21 0.37 0.44 0.50 0.56 0.54 0.68

2:20:00 0.00 0.00 0.06 0.10 0.11 0.14 0.15 0.15 0.19

2:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

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

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Project: 

Basin ID: 

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 0 0.000

Selected BMP Type = EDB -- 0.33 -- -- -- 40  0.001 7 0.000

Watershed Area = 20.10  acres -- 1.33 -- -- -- 15,700  0.360  7,876  0.181

Watershed Length = 1,500  ft -- 3.33 -- -- -- 20,190  0.463 43,766  1.005

Watershed Length to Centroid = 750  ft -- 5.33 -- -- -- 25,000  0.574  88,956  2.042

Watershed Slope = 0.035  ft/ft -- 7.33 -- -- -- 30,300  0.696 144,256  3.312

Watershed Imperviousness = 65.00%  percent -- 9.33 -- -- -- 35,000  0.803 209,556  4.811

Percentage Hydrologic Soil Group A = 98.0%  percent -- -- -- --

Percentage Hydrologic Soil Group B = 2.0% percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- -- -- --

Target WQCV Drain Time = 40.0  hours -- -- -- --

Location for 1-hr Rainfall Depths = User Input -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.426  acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 1.617  acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 1.177  acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 1.542  acre-feet 1.50  inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 1.835  acre-feet 1.75  inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 2.227  acre-feet 2.00  inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 2.603 acre-feet 2.25  inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 3.062  acre-feet 2.52  inches -- -- -- --

500-yr Runoff Volume (P1 = 3.14 in.) = 4.067  acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 1.056  acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 1.381 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 1.667  acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 2.001 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 2.202  acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 2.413 acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (WQCV) = 0.426  acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 1.192  acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.796  acre-feet -- -- -- --

Total Detention Basin Volume = 2.413 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 (A  ISV) = 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 (A  FLOOR) = user ft
 2 -- -- -- --

Volume of Basin Floor (V  FLOOR) = 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 (A  MAIN) = user ft
 2 -- -- -- --

Volume of Main Basin (V  MAIN) = user ft
 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user  acre-feet -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

After providing required inputs above including 1-hour rainfall

depths, click 'Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure.
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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

1.98  Zone 1 (WQCV) 1.98 Zone 1 (WQCV)

4.57  Zone 2 (EURV) 4.57  Zone 2 (EURV)

5.96  Zone 3 (100-year) 5.96  Zone 3 (100-year)
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  Project: 

  Basin ID: 

Estimated Estimated

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

Zone 1 (WQCV) 1.98 0.426 Orifice Plate

Zone 2 (EURV) 4.57 1.192 Orifice Plate

Zone 3 (100-year) 5.96 0.796 Weir&Pipe (Restrict)

Total (all zones) 2.413

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = ft (distance below the filtration media surface) Underdrain Orifice Area = ft
2

Underdrain Orifice Diameter = inches Underdrain Orifice Centroid = feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate

Invert of Lowest Orifice = 0.00  ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A  ft
2

Depth at top of Zone using Orifice Plate = 4.57 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 = N/A  inches Elliptical Slot Area = N/A  ft
2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 1.52 3.05

Orifice Area (sq. inches) 3.06 3.06 6.80

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice

Not Selected Not Selected Not Selected Not Selected

Invert of Vertical Orifice = N/A N/A  ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A  N/A  ft
2

Depth at top of Zone using Vertical Orifice = N/A N/A  ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A  N/A  feet

Vertical Orifice Diameter = N/A N/A  inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir

grate  Zone 3 Weir  Not Selected Zone 3 Weir  Not Selected

Overflow Weir Front Edge Height, Ho = 5.00  N/A  ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 5.00 N/A  feet

Overflow Weir Front Edge Length = 3.00  N/A  feet Overflow Weir Slope Length = 3.00 N/A  feet

Overflow Weir Grate Slope = 0.00  N/A  H:V  Grate Open Area / 100-yr Orifice Area = 7.06 N/A

Horiz. Length of Weir Sides = 3.00  N/A  feet Overflow Grate Open Area w/o Debris = 7.12 N/A  ft
2

Overflow Grate Type = Close Mesh Grate  N/A  Overflow Grate Open Area w/ Debris = 3.56 N/A  ft
2

Debris Clogging % = 50%  N/A  %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Zone 3 Restrictor  Not Selected Zone 3 Restrictor  Not Selected

Depth to Invert of Outlet Pipe = 0.33  N/A  ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 1.01  N/A  ft
2 

Outlet Pipe Diameter = 18.00  N/A  inches Outlet Orifice Centroid = 0.48 N/A  feet

Restrictor Plate Height Above Pipe Invert = 10.00  inches Half-Central Angle of Restrictor Plate on Pipe = 1.68 N/A  radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 5.90  ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.91  feet

Spillway Crest Length = 18.00  feet Stage at Top of Freeboard = 7.81  feet

Spillway End Slopes = 4.00  H:V Basin Area at Top of Freeboard = 0.72  acres

Freeboard above Max Water Surface = 1.00  feet Basin Volume at Top of Freeboard = 3.65  acre-ft

Max Ponding Depth of Target Storage Volume = 5.81  feet Discharge at Top of Freeboard = 204.39  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  3.14

CUHP Runoff Volume (acre-ft) = 0.426 1.617 1.177 1.542  1.835  2.227 2.603  3.062  4.067

Inflow Hydrograph Volume (acre-ft) = N/A  N/A  1.177 1.542  1.835  2.227 2.603  3.062  4.067

CUHP Predevelopment Peak Q (cfs) = N/A  N/A  0.2  0.3  0.4  4.2  7.9  12.6 22.3

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A  N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A  N/A  0.01  0.01  0.02  0.21  0.39  0.63  1.11

Peak Inflow Q (cfs) = N/A  N/A  19.6 25.5  29.9  38.3  45.5  55.0  73.1

Peak Outflow Q (cfs) = 0.2  0.7 0.5  0.6 0.7 3.2 6.8 11.6 28.6

Ratio Peak Outflow to Predevelopment Q = N/A  N/A  N/A  2.1  1.7 0.8 0.9  0.9  1.3

Structure Controlling Flow = Plate  Plate  Plate  Plate  Plate  Overflow Weir 1  Overflow Weir 1  Outlet Plate 1  Spillway

Max Velocity through Grate 1 (fps) = N/A  N/A  N/A  N/A  N/A  0.4  0.8 1.5  1.6

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) = 39 72  65  71  75  77 76 74  71

Time to Drain 99% of Inflow Volume (hours) = 40 76 69 76 80  83  82  82  80

Maximum Ponding Depth (ft) = 1.99  4.57 3.55 4.25  4.77 5.25  5.45  5.81  6.33

Area at Maximum Ponding Depth (acres) = 0.39  0.53  0.48 0.51  0.54  0.57 0.58 0.60  0.63

Maximum Volume Stored (acre-ft) = 0.430  1.622  1.108 1.449  1.729  1.991  2.106 2.319  2.646

DETENTION BASIN OUTLET STRUCTURE DESIGN
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The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).
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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  200 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 356 Slope 0.035

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV  458 Shape 2.57

Hidden Parameters & Calculations  0.67(diameter = 15/16 inch) 5 Year 426

MaxPondDepth_Error? FALSE  0.76 (diameter = 1 inch) 10 Year 478 Spillway Depth

Cd_Broad-Crested Weir  3.00 0.86(diameter = 1-1/16 inches) 25 Year 526 0.91

WQ Plate Flow at 100yr depth = 0.84 0.97(diameter = 1-1/8 inches) 50 Year 546

CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 582 1 Z1_Boolean

n*Cdw #1 = 0.62 1.20(diameter = 1-1/4 inches) 500 Year 634 1 Z2_Boolean

n*Cdo #1 = 0.96 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean  Outlet Rank  Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 1 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE  Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 0 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping

S-A-V-D Chart Axis Default  X-axis Left Y-Axis Right Y-Axis

minimum bound 0.00  0 0

maximum bound 8.00 160,000  210  

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

minimum bound

maximum bound

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 0.29 0.03 0.93

0:15:00 0.00 0.00 2.55 4.15 5.14 3.46 4.28 4.21 5.96

0:20:00 0.00 0.00 8.83 11.49 13.49 8.49 9.85 10.60 13.73

0:25:00 0.00 0.00 17.49 23.18 27.93 17.30 19.75 21.27 28.19

0:30:00 0.00 0.00 19.59 25.53 29.87 35.42 42.33 47.96 64.58

0:35:00 0.00 0.00 17.35 22.19 25.77 38.30 45.48 54.99 73.09

0:40:00 0.00 0.00 14.94 18.71 21.67 35.00 41.53 50.07 66.57

0:45:00 0.00 0.00 12.21 15.63 18.23 29.65 35.08 43.69 58.30

0:50:00 0.00 0.00 10.10 13.22 15.15 25.49 30.02 37.08 49.69

0:55:00 0.00 0.00 8.75 11.42 13.25 20.71 24.23 30.59 40.93

1:00:00 0.00 0.00 7.75 10.05 11.79 17.54 20.42 26.41 35.38

1:05:00 0.00 0.00 6.81 8.78 10.38 15.10 17.52 23.31 31.34

1:10:00 0.00 0.00 5.54 7.63 9.11 12.46 14.39 18.45 24.61

1:15:00 0.00 0.00 4.52 6.45 8.12 10.17 11.66 14.37 18.95

1:20:00 0.00 0.00 3.93 5.63 7.23 7.99 9.07 10.43 13.63

1:25:00 0.00 0.00 3.62 5.18 6.36 6.68 7.55 7.96 10.33

1:30:00 0.00 0.00 3.44 4.91 5.76 5.64 6.36 6.49 8.35

1:35:00 0.00 0.00 3.35 4.73 5.34 4.98 5.61 5.60 7.14

1:40:00 0.00 0.00 3.28 4.23 5.04 4.53 5.09 4.99 6.31

1:45:00 0.00 0.00 3.23 3.86 4.84 4.24 4.77 4.59 5.76

1:50:00 0.00 0.00 3.19 3.59 4.70 4.04 4.54 4.30 5.37

1:55:00 0.00 0.00 2.75 3.38 4.46 3.90 4.39 4.12 5.13

2:00:00 0.00 0.00 2.41 3.13 4.02 3.82 4.29 4.06 5.05

2:05:00 0.00 0.00 1.74 2.27 2.89 2.76 3.10 2.93 3.65

2:10:00 0.00 0.00 1.22 1.59 2.02 1.94 2.17 2.07 2.57

2:15:00 0.00 0.00 0.84 1.10 1.41 1.35 1.52 1.45 1.80

2:20:00 0.00 0.00 0.58 0.74 0.96 0.92 1.04 0.99 1.23

2:25:00 0.00 0.00 0.38 0.48 0.64 0.61 0.69 0.66 0.81

2:30:00 0.00 0.00 0.24 0.32 0.42 0.42 0.46 0.44 0.55

2:35:00 0.00 0.00 0.14 0.20 0.25 0.25 0.28 0.27 0.33

2:40:00 0.00 0.00 0.06 0.10 0.12 0.13 0.15 0.14 0.17

2:45:00 0.00 0.00 0.02 0.04 0.04 0.05 0.05 0.05 0.06

2:50:00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00

2:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

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

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Project: 

Basin ID: 

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 0 0.000

Selected BMP Type = EDB -- 0.33 -- -- -- 40  0.001 7 0.000

Watershed Area = 22.40  acres -- 1.33 -- -- -- 15,700  0.360  7,876  0.181

Watershed Length = 1,500  ft -- 3.33 -- -- -- 20,190  0.463 43,766  1.005

Watershed Length to Centroid = 750  ft -- 5.33 -- -- -- 25,000  0.574  88,956  2.042

Watershed Slope = 0.035  ft/ft -- 7.33 -- -- -- 30,300  0.696 144,256  3.312

Watershed Imperviousness = 65.00%  percent -- 9.33 -- -- -- 35,000  0.803 209,556  4.811

Percentage Hydrologic Soil Group A = 63.0%  percent -- -- -- --

Percentage Hydrologic Soil Group B = 37.0%  percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- -- -- --

Target WQCV Drain Time = 40.0  hours -- -- -- --

Location for 1-hr Rainfall Depths = User Input -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.474  acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 1.726  acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 1.343 acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 1.753 acre-feet 1.50  inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 2.147  acre-feet 1.75  inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 2.667  acre-feet 2.00  inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 3.106  acre-feet 2.25  inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 3.671 acre-feet 2.52  inches -- -- -- --

500-yr Runoff Volume (P1 = 3.14 in.) = 4.827  acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 1.197  acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 1.580  acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 1.946  acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 2.244  acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 2.421 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 2.641 acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (WQCV) = 0.474  acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 1.252  acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.915  acre-feet -- -- -- --

Total Detention Basin Volume = 2.641 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 (A  ISV) = 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 (A  FLOOR) = user ft
 2 -- -- -- --

Volume of Basin Floor (V  FLOOR) = 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 (A  MAIN) = user ft
 2 -- -- -- --

Volume of Main Basin (V  MAIN) = user ft
 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user  acre-feet -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

After providing required inputs above including 1-hour rainfall

depths, click 'Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure.
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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

2.11 Zone 1 (WQCV) 2.11 Zone 1 (WQCV)

4.77  Zone 2 (EURV) 4.77  Zone 2 (EURV)

6.33 Zone 3 (100-year) 6.33 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
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  Project: 

  Basin ID: 

Estimated Estimated

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

Zone 1 (WQCV) 2.11 0.474 Orifice Plate

Zone 2 (EURV) 4.77 1.252 Orifice Plate

Zone 3 (100-year) 6.33 0.915 Weir&Pipe (Restrict)

Total (all zones) 2.641

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft
2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate

Invert of Lowest Orifice = 0.00  ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft
2

Depth at top of Zone using Orifice Plate = 4.77  ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 19.10  inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A ft
2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 1.59 3.18

Orifice Area (sq. inches) 3.32 3.32 10.00

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice

Not Selected Not Selected Not Selected Not Selected

Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A N/A ft
2

Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet

Vertical Orifice Diameter = N/A N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir

grate  Zone 3 Weir  Not Selected Zone 3 Weir  Not Selected

Overflow Weir Front Edge Height, Ho = 4.77 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 5.77 N/A feet

Overflow Weir Front Edge Length = 4.00 N/A feet Overflow Weir Slope Length = 4.12 N/A feet

Overflow Weir Grate Slope = 4.00 N/A H:V  Grate Open Area / 100-yr Orifice Area = 6.50 N/A

Horiz. Length of Weir Sides = 4.00 N/A feet Overflow Grate Open Area w/o Debris = 11.48 N/A ft
2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 5.74 N/A ft
2

Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Zone 3 Restrictor  Not Selected Zone 3 Restrictor  Not Selected

Depth to Invert of Outlet Pipe = 0.33  N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 1.77  N/A ft
2 

Outlet Pipe Diameter = 18.00  N/A inches Outlet Orifice Centroid = 0.75  N/A feet

Restrictor Plate Height Above Pipe Invert = 18.00  inches Half-Central Angle of Restrictor Plate on Pipe = 3.14  N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 6.50  ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 1.12  feet

Spillway Crest Length = 15.00  feet Stage at Top of Freeboard = 8.62  feet

Spillway End Slopes = 4.00  H:V Basin Area at Top of Freeboard = 0.77  acres

Freeboard above Max Water Surface = 1.00  feet Basin Volume at Top of Freeboard = 4.25  acre-ft

Max Ponding Depth of Target Storage Volume = 6.42  feet Discharge at Top of Freeboard = 226.09 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  3.14

CUHP Runoff Volume (acre-ft) = 0.474  1.726  1.343  1.753  2.147  2.667  3.106  3.671  4.827

Inflow Hydrograph Volume (acre-ft) = N/A N/A 1.343  1.753  2.147  2.667  3.106  3.671  4.827

CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.3  0.6  3.9 11.3  15.8  22.1  34.3

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.01  0.03  0.18  0.50  0.70  0.98  1.53

Peak Inflow Q (cfs) = N/A N/A 23.5  30.3  37.2  47.7  55.7  67.0  88.0

Peak Outflow Q (cfs) = 0.2  0.9  0.7  0.8  2.2  5.4 9.4  16.7  36.1

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 1.4  0.6  0.5  0.6  0.8  1.1

Structure Controlling Flow = Plate  Overflow Weir 1  Plate  Plate  Overflow Weir 1  Overflow Weir 1  Overflow Weir 1  Overflow Weir 1  Spillway

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.1  0.4  0.7  1.4  1.8

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) = 39 68  64  69  71  70  69  67  64

Time to Drain 99% of Inflow Volume (hours) = 40 72  68  73  76  76  76  75  74

Maximum Ponding Depth (ft) = 2.11  4.77  3.86  4.60  5.19  5.61  5.95  6.42  6.94

Area at Maximum Ponding Depth (acres) = 0.40  0.54  0.49  0.53  0.57  0.59  0.61  0.64  0.67

Maximum Volume Stored (acre-ft) = 0.478  1.729  1.253  1.638  1.957  2.199  2.404  2.697  3.045

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.04 (February 2021)
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The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).
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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  212 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 387 Slope 0.035

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV  478 Shape 2.31

Hidden Parameters & Calculations  0.67(diameter = 15/16 inch) 5 Year 461

MaxPondDepth_Error? FALSE  0.76  (diameter = 1 inch) 10 Year 520 Spillway Depth

Cd_Broad-Crested Weir  3.00 0.86(diameter = 1-1/16 inches) 25 Year 562 1.12

WQ Plate Flow at 100yr depth = 1.13 0.97(diameter = 1-1/8 inches) 50 Year 596

CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 643 1 Z1_Boolean

n*Cdw #1 = 0.32 1.20(diameter = 1-1/4 inches) 500 Year 695 1 Z2_Boolean

n*Cdo #1 = 1.45 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.245 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean  Outlet Rank  Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 1 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE  Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 0 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping 

S-A-V-D Chart Axis Default  X-axis Left Y-Axis Right Y-Axis

minimum bound 0.00  0 0

maximum bound 10.00  190,000  230  

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

minimum bound

maximum bound

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 0.34 0.03 1.09

0:15:00 0.00 0.00 2.99 4.88 6.05 4.06 5.02 4.94 6.96

0:20:00 0.00 0.00 10.25 13.37 15.66 9.84 11.40 12.28 15.88

0:25:00 0.00 0.00 20.81 27.77 33.83 20.32 23.76 25.50 33.91

0:30:00 0.00 0.00 23.52 30.30 37.17 44.54 52.46 59.42 79.27

0:35:00 0.00 0.00 20.49 26.03 31.63 47.68 55.73 66.96 87.99

0:40:00 0.00 0.00 17.40 21.71 26.27 43.77 51.07 60.90 79.82

0:45:00 0.00 0.00 14.02 17.87 21.76 36.82 43.06 53.39 69.97

0:50:00 0.00 0.00 11.51 15.02 17.87 31.44 36.81 45.33 59.44

0:55:00 0.00 0.00 9.86 12.80 15.35 25.27 29.51 37.48 49.31

1:00:00 0.00 0.00 8.57 11.02 13.38 21.05 24.53 32.29 42.63

1:05:00 0.00 0.00 7.38 9.42 11.56 17.80 20.69 28.32 37.48

1:10:00 0.00 0.00 5.87 8.07 10.04 14.20 16.47 21.70 28.64

1:15:00 0.00 0.00 4.80 6.88 9.08 11.25 13.03 16.37 21.55

1:20:00 0.00 0.00 4.25 6.11 8.12 8.78 10.12 11.83 15.50

1:25:00 0.00 0.00 3.96 5.68 7.12 7.37 8.45 9.03 11.77

1:30:00 0.00 0.00 3.79 5.40 6.42 6.21 7.09 7.32 9.46

1:35:00 0.00 0.00 3.70 5.21 5.93 5.46 6.20 6.24 8.00

1:40:00 0.00 0.00 3.62 4.65 5.59 4.97 5.62 5.51 7.00

1:45:00 0.00 0.00 3.57 4.23 5.35 4.65 5.25 5.03 6.33

1:50:00 0.00 0.00 3.53 3.93 5.18 4.43 4.99 4.70 5.88

1:55:00 0.00 0.00 3.02 3.71 4.91 4.30 4.84 4.54 5.67

2:00:00 0.00 0.00 2.64 3.44 4.41 4.21 4.74 4.49 5.59

2:05:00 0.00 0.00 1.87 2.44 3.11 2.98 3.35 3.18 3.96

2:10:00 0.00 0.00 1.29 1.68 2.15 2.07 2.32 2.22 2.76

2:15:00 0.00 0.00 0.88 1.14 1.47 1.42 1.59 1.53 1.90

2:20:00 0.00 0.00 0.58 0.74 0.98 0.95 1.06 1.02 1.26

2:25:00 0.00 0.00 0.37 0.48 0.63 0.62 0.69 0.66 0.82

2:30:00 0.00 0.00 0.22 0.31 0.40 0.40 0.45 0.43 0.53

2:35:00 0.00 0.00 0.11 0.17 0.21 0.23 0.25 0.24 0.30

2:40:00 0.00 0.00 0.05 0.08 0.09 0.10 0.11 0.11 0.13

2:45:00 0.00 0.00 0.01 0.02 0.02 0.03 0.03 0.03 0.03

2:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

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

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

DETENTION BASIN OUTLET STRUCTURE DESIGN
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Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 0 0.000

Selected BMP Type = EDB -- 0.33 -- -- -- 40 0.001 7 0.000

Watershed Area = 93.61 acres -- 1.33 -- -- -- 24,400 0.560 12,226 0.281

Watershed Length = 2,730 ft -- 3.33 -- -- -- 76,400 1.754 113,026 2.595

Watershed Length to Centroid = 1,350 ft -- 5.33 -- -- -- 85,000 1.951 274,426 6.300

Watershed Slope = 0.030 ft/ft -- 7.33 -- -- -- 93,900 2.156 453,326 10.407

Watershed Imperviousness = 64.00% percent -- 9.33 -- -- -- 103,300 2.371 650,526 14.934

Percentage Hydrologic Soil Group A = 67.0% percent -- -- -- --

Percentage Hydrologic Soil Group B = 33.0% percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- -- -- --

Target WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = User Input -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 1.953 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 7.115 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 5.631 acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 7.356 acre-feet 1.50 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 8.981 acre-feet 1.75 inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 11.197 acre-feet 2.00 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 13.062 acre-feet 2.25 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 15.464 acre-feet 2.52 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.14 in.) = 20.400 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 4.893 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 6.458 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 7.949 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 9.212 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 9.969 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 10.897 acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (WQCV) = 1.953 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 5.162 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 3.782 acre-feet -- -- -- --

Total Detention Basin Volume = 10.897 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
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After providing required inputs above including 1-hour rainfall

depths, click 'Run CUHP' to generate runoff hydrographs using 

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)
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1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP

1 CUHP Inputs Complete

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

2.94 Zone 1 (WQCV) 2.94 Zone 1 (WQCV)

5.75 Zone 2 (EURV) 5.75 Zone 2 (EURV)

7.56 Zone 3 (100-year) 7.56 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.04 (February 2021)
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  Project:

  Basin ID:

Estimated Estimated

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

Zone 1 (WQCV) 2.94 1.953 Orifice Plate

Zone 2 (EURV) 5.75 5.162 Rectangular Orifice

Zone 3 (100-year) 7.56 3.782 Weir&Pipe (Restrict)

Total (all zones) 10.897

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft
2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate

Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 7.264E-02 ft
2

Depth at top of Zone using Orifice Plate = 5.75 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 23.00 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 10.46 sq. inches (use rectangular openings) Elliptical Slot Area = N/A ft
2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 1.92 3.83

Orifice Area (sq. inches) 10.46 10.46 10.46

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

Zone 2 Rectangular Not Selected Zone 2 Rectangular Not Selected

Invert of Vertical Orifice = 2.94 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 0.09 N/A ft
2

Depth at top of Zone using Vertical Orifice = 5.75 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = 0.08 N/A feet

Vertical Orifice Height = 2.00 N/A inches

Vertical Orifice Width = 6.75 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

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.04 (February 2021)

Enclaves East

Pond 4

Example Zone Configuration (Retention Pond)

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir

grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 5.76 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 5.76 N/A feet

Overflow Weir Front Edge Length = 8.00 N/A feet Overflow Weir Slope Length = 8.00 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 6.19 N/A

Horiz. Length of Weir Sides = 8.00 N/A feet Overflow Grate Open Area w/o Debris = 44.54 N/A ft
2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 22.27 N/A ft
2

Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 0.33 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 7.19 N/A ft
2

Outlet Pipe Diameter = 42.00 N/A inches Outlet Orifice Centroid = 1.37 N/A feet

Restrictor Plate Height Above Pipe Invert = 29.40 inches Half-Central Angle of Restrictor Plate on Pipe = 1.98 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 7.40 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.97 feet

Spillway Crest Length = 98.00 feet Stage at Top of Freeboard = 9.37 feet

Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 2.37 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 14.93 acre-ft

Max Ponding Depth of Target Storage Volume = 7.35 feet Discharge at Top of Freeboard = 937.71 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 3.14

CUHP Runoff Volume (acre-ft) = 1.953 7.115 5.631 7.356 8.981 11.197 13.062 15.464 20.400

Inflow Hydrograph Volume (acre-ft) = N/A N/A 5.631 7.356 8.981 11.197 13.062 15.464 20.400

CUHP Predevelopment Peak Q (cfs) = N/A N/A 1.3 2.1 15.0 46.1 65.3 94.3 148.9

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 0.16 0.49 0.70 1.01 1.59

Peak Inflow Q (cfs) = N/A N/A 101.7 131.8 161.2 209.0 244.9 293.1 387.5

Peak Outflow Q (cfs) = 1.0 2.7 2.3 2.7 15.6 36.8 60.4 87.0 188.9

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 1.3 1.0 0.8 0.9 0.9 1.3

Structure Controlling Flow = Plate Vertical Orifice 1 Vertical Orifice 1 Vertical Orifice 1 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 0.3 0.8 1.3 1.9 2.0

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) = 38 67 62 69 69 68 66 64 60

Time to Drain 99% of Inflow Volume (hours) = 40 72 66 74 75 75 74 73 72

Maximum Ponding Depth (ft) = 2.94 5.75 4.81 5.66 6.15 6.51 6.83 7.35 7.88

Area at Maximum Ponding Depth (acres) = 1.52 1.99 1.90 1.99 2.04 2.07 2.10 2.16 2.21

Maximum Volume Stored (acre-ft) = 1.956 7.129 5.280 6.949 7.934 8.674 9.342 10.428 11.587

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

220915 POND 4.xlsm, Outlet Structure 10/21/2022, 12:15 PM



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 3 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 1 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 1

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 295 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 482 Slope 0.030

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 576 Shape 1.83

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 567

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 616 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 652 0.97

WQ Plate Flow at 100yr depth = 2.42 0.97(diameter = 1-1/8 inches) 50 Year 684

CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 736 1 Z1_Boolean

n*Cdw #1 = 0.60 1.20(diameter = 1-1/4 inches) 500 Year 789 1 Z2_Boolean

n*Cdo #1 = 0.74 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 1 1 2

Overflow Weir #2 Angle = N/A 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 2 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.94 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 2 1 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 1 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

MHFD-Detention, Version 4.04 (February 2021)
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Outflow Hydrograph Workbook Filename:

Inflow Hydrographs

The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

Time Interval TIME WQCV [cfs] EURV [cfs] 2 Year [cfs] 5 Year [cfs] 10 Year [cfs] 25 Year [cfs] 50 Year [cfs] 100 Year [cfs] 500 Year [cfs]

5.00  min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:10:00 0.00 0.00 0.00 0.00 0.00 0.00 1.28 0.13 4.12

0:15:00 0.00 0.00 11.26 18.44 22.85 15.35 19.25 18.73 27.17

0:20:00 0.00 0.00 40.92 54.19 63.77 40.27 46.86 50.18 65.13

0:25:00 0.00 0.00 85.23 113.70 137.26 82.95 96.99 104.37 137.58

0:30:00 0.00 0.00 101.67 131.85 161.20 181.20 213.66 241.53 323.54

0:35:00 0.00 0.00 89.45 113.74 138.19 208.96 244.92 293.07 387.55

0:40:00 0.00 0.00 74.35 92.83 112.10 190.16 222.27 267.01 351.10

0:45:00 0.00 0.00 59.64 75.56 91.63 158.69 185.90 230.25 302.81

0:50:00 0.00 0.00 48.28 62.86 74.76 132.72 155.74 193.53 254.69

0:55:00 0.00 0.00 40.95 53.29 63.43 106.68 124.96 158.72 209.63

1:00:00 0.00 0.00 35.21 45.26 54.58 87.29 101.97 134.71 178.72

1:05:00 0.00 0.00 30.03 38.32 46.77 72.94 84.95 116.98 155.61

1:10:00 0.00 0.00 24.03 32.79 40.53 57.86 67.13 89.83 119.22

1:15:00 0.00 0.00 19.80 28.58 37.35 45.14 52.22 65.90 87.14

1:20:00 0.00 0.00 17.69 25.64 34.08 36.01 41.48 48.29 63.60

1:25:00 0.00 0.00 16.53 23.79 29.95 30.34 34.74 36.84 48.14

1:30:00 0.00 0.00 15.87 22.61 26.83 25.86 29.46 29.89 38.69

1:35:00 0.00 0.00 15.48 21.82 24.77 22.66 25.69 25.57 32.74

1:40:00 0.00 0.00 15.18 19.66 23.33 20.68 23.38 22.67 28.74

1:45:00 0.00 0.00 14.96 17.72 22.36 19.37 21.86 20.73 26.06

1:50:00 0.00 0.00 14.84 16.42 21.66 18.49 20.83 19.51 24.39

1:55:00 0.00 0.00 12.93 15.51 20.59 17.98 20.23 19.02 23.73

2:00:00 0.00 0.00 11.12 14.45 18.62 17.66 19.86 18.83 23.46

2:05:00 0.00 0.00 8.04 10.54 13.44 13.02 14.63 13.94 17.34

2:10:00 0.00 0.00 5.37 6.99 8.98 8.66 9.73 9.31 11.57

2:15:00 0.00 0.00 3.58 4.64 6.02 5.83 6.55 6.27 7.79

2:20:00 0.00 0.00 2.33 2.97 3.91 3.81 4.27 4.09 5.07

2:25:00 0.00 0.00 1.43 1.88 2.47 2.43 2.72 2.60 3.22

2:30:00 0.00 0.00 0.83 1.16 1.49 1.51 1.69 1.61 1.99

DETENTION BASIN OUTLET STRUCTURE DESIGN

2:30:00 0.00 0.00 0.83 1.16 1.49 1.51 1.69 1.61 1.99

2:35:00 0.00 0.00 0.40 0.62 0.76 0.81 0.91 0.86 1.06

2:40:00 0.00 0.00 0.16 0.25 0.29 0.33 0.36 0.34 0.41

2:45:00 0.00 0.00 0.03 0.05 0.05 0.06 0.06 0.05 0.06

2:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

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

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Project: 

Basin ID: 

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 0 0.000

Selected BMP Type = EDB -- 0.33 -- -- -- 40  0.001 7 0.000

Watershed Area = 5.50  acres -- 1.33 -- -- -- 3,394  0.078 1,724  0.040

Watershed Length = 680  ft -- 3.33 -- -- -- 6,210  0.143 11,328 0.260

Watershed Length to Centroid = 340  ft -- 5.33 -- -- -- 9,428 0.216  26,966  0.619

Watershed Slope = 0.060  ft/ft -- 7.33 -- -- -- 13,480  0.309 49,874  1.145

Watershed Imperviousness = 95.00%  percent -- 8.33 -- -- -- 15,900  0.365  64,564  1.482

Percentage Hydrologic Soil Group A = 96.0%  percent -- -- -- --

Percentage Hydrologic Soil Group B = 4.0%  percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- -- -- --

Target WQCV Drain Time = 40.0  hours -- -- -- --

Location for 1-hr Rainfall Depths = User Input -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.205  acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.716  acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 0.476  acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 0.611 acre-feet 1.50  inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 0.720  acre-feet 1.75  inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 0.835  acre-feet 2.00  inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 0.947  acre-feet 2.25  inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 1.071 acre-feet 2.52  inches -- -- -- --

500-yr Runoff Volume (P1 = 3.14 in.) = 1.353 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 0.477  acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.617  acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.732  acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.857  acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 0.929 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.990  acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (WQCV) = 0.205  acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.511 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.274  acre-feet -- -- -- --

Total Detention Basin Volume = 0.990  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 (A  ISV) = 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 (A  FLOOR) = user ft
 2 -- -- -- --

Volume of Basin Floor (V  FLOOR) = 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 (A  MAIN) = user ft
 2 -- -- -- --

Volume of Main Basin (V  MAIN) = user ft
 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user  acre-feet -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

After providing required inputs above including 1-hour rainfall

depths, click 'Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure.
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Enclaves East

Pond 5

MHFD-Detention, Version 4.04 (February 2021)

ExampleZone Configuration (Retention Pond)
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1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP

1 CUHP Inputs Complete

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

2.93 Zone 1 (WQCV) 2.93 Zone 1 (WQCV)

5.76  Zone 2 (EURV) 5.76  Zone 2 (EURV)

6.81 Zone 3 (100-year) 6.81 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.04 (February 2021)
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  Project: 

  Basin ID: 

Estimated Estimated

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

Zone 1 (WQCV) 2.93 0.205 Orifice Plate

Zone 2 (EURV) 5.76 0.511 Orifice Plate

Zone 3 (100-year) 6.81 0.274 Weir&Pipe (Restrict)

Total (all zones) 0.990

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = ft (distance below the filtration media surface) Underdrain Orifice Area = ft
2

Underdrain Orifice Diameter = inches Underdrain Orifice Centroid = feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate

Invert of Lowest Orifice = 0.00  ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 8.194E-03 ft
2

Depth at top of Zone using Orifice Plate = 5.76 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A  feet

Orifice Plate: Orifice Vertical Spacing = 23.00  inches Elliptical Slot Centroid = N/A  feet

Orifice Plate: Orifice Area per Row = 1.18  sq. inches (diameter = 1-3/16 inches) Elliptical Slot Area = N/A  ft
2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 1.92 3.84

Orifice Area (sq. inches) 1.18 1.18 1.18

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice

Not Selected Not Selected Not Selected Not Selected

Invert of Vertical Orifice = N/A N/A  ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A  N/A  ft
2

Depth at top of Zone using Vertical Orifice = N/A N/A  ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A  N/A  feet

Vertical Orifice Diameter = N/A N/A  inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir

grate  Zone 3 Weir  Not Selected Zone 3 Weir  Not Selected

Overflow Weir Front Edge Height, Ho = 5.76 N/A  ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 5.76 N/A  feet

Overflow Weir Front Edge Length = 4.00 N/A  feet Overflow Weir Slope Length = 2.90 N/A  feet

Overflow Weir Grate Slope = 0.00 N/A  H:V  Grate Open Area / 100-yr Orifice Area = 24.12 N/A

Horiz. Length of Weir Sides = 2.90 N/A  feet Overflow Grate Open Area w/o Debris = 8.07 N/A  ft
2

Overflow Grate Type = Type C Grate N/A  Overflow Grate Open Area w/ Debris = 4.04 N/A  ft
2

Debris Clogging % = 50% N/A  %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Zone 3 Restrictor  Not Selected Zone 3 Restrictor  Not Selected

Depth to Invert of Outlet Pipe = 0.33 N/A  ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.33 N/A  ft
2 

Outlet Pipe Diameter = 18.00  N/A  inches Outlet Orifice Centroid = 0.22  N/A  feet

Restrictor Plate Height Above Pipe Invert = 4.40  inches Half-Central Angle of Restrictor Plate on Pipe = 1.03 N/A  radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 6.30  ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.80  feet

Spillway Crest Length = 8.00  feet Stage at Top of Freeboard = 8.10  feet

Spillway End Slopes = 4.00  H:V Basin Area at Top of Freeboard = 0.35 acres

Freeboard above Max Water Surface = 1.00  feet Basin Volume at Top of Freeboard = 1.40  acre-ft

Max Ponding Depth of Target Storage Volume = 6.16 feet Discharge at Top of Freeboard = 104.31  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  3.14

CUHP Runoff Volume (acre-ft) = 0.205 0.716 0.476 0.611  0.720  0.835 0.947  1.071  1.353

Inflow Hydrograph Volume (acre-ft) = N/A  N/A  0.476 0.611  0.720  0.835 0.947  1.071  1.353

CUHP Predevelopment Peak Q (cfs) = N/A  N/A  0.1  0.1  0.2  1.6 2.8  4.5 7.8

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A  N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A  N/A  0.01  0.02  0.03 0.28  0.51  0.81  1.41

Peak Inflow Q (cfs) = N/A  N/A  10.4 13.2  15.5 18.3 20.7  22.9  28.9

Peak Outflow Q (cfs) = 0.1  0.2  0.2  0.2  0.2  1.4 2.6 4.0  7.7

Ratio Peak Outflow to Predevelopment Q = N/A  N/A  N/A  1.8  1.5 0.9  0.9  0.9  1.0

Structure Controlling Flow = Plate  Overflow Weir 1  Plate  Plate  Plate  Overflow Weir 1  Overflow Weir 1  Outlet Plate 1  Spillway

Max Velocity through Grate 1 (fps) = N/A  N/A  N/A  N/A  N/A  0.1  0.3 0.5 0.5

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 71  60  67  72  73 72  71  69

Time to Drain 99% of Inflow Volume (hours) = 40 76 63 71  76 78  78  77  77

Maximum Ponding Depth (ft) = 2.93 5.76 4.50  5.16 5.64 5.90  5.98  6.16 6.56

Area at Maximum Ponding Depth (acres) = 0.13 0.24 0.19  0.21  0.23 0.24 0.25 0.25 0.27

Maximum Volume Stored (acre-ft) = 0.206 0.716 0.450  0.581  0.688  0.750  0.770  0.812  0.920

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.04 (February 2021)

Enclaves East

Pond 5

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

ExampleZone 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  294 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 451 Slope 0.040

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV  577 Shape 1.93

Hidden Parameters & Calculations  0.67(diameter = 15/16 inch) 5 Year 517

MaxPondDepth_Error? FALSE  0.76 (diameter = 1 inch) 10 Year 565 Spillway Depth

Cd_Broad-Crested Weir  3.00 0.86(diameter = 1-1/16 inches) 25 Year 591 0.80

WQ Plate Flow at 100yr depth = 0.24 0.97(diameter = 1-1/8 inches) 50 Year 599

CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 617 1 Z1_Boolean

n*Cdw #1 = 0.60 1.20(diameter = 1-1/4 inches) 500 Year 657 1 Z2_Boolean  

n*Cdo #1 = 0.74 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean  Outlet Rank  Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 1 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE  Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 0 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping

S-A-V-D Chart Axis Default  X-axis Left Y-Axis Right Y-Axis

minimum bound 0.00  0 0

maximum bound 10.00  70,000  110  

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

minimum bound

maximum bound
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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 0.19 0.02 0.62

0:15:00 0.00 0.00 1.73 2.81 3.47 2.32 2.83 2.82 3.84

0:20:00 0.00 0.00 5.55 7.09 8.25 5.14 5.91 6.42 8.20

0:25:00 0.00 0.00 10.37 13.24 15.52 10.21 11.61 12.30 15.54

0:30:00 0.00 0.00 9.94 12.26 13.91 18.29 20.74 22.90 28.86

0:35:00 0.00 0.00 7.53 9.18 10.43 16.32 18.48 21.84 27.43

0:40:00 0.00 0.00 5.75 6.84 7.75 13.36 15.11 17.58 22.06

0:45:00 0.00 0.00 4.06 5.09 5.90 9.97 11.27 13.81 17.35

0:50:00 0.00 0.00 2.95 3.92 4.37 8.01 9.05 10.81 13.59

0:55:00 0.00 0.00 2.29 3.00 3.48 5.71 6.45 8.17 10.26

1:00:00 0.00 0.00 2.03 2.64 3.16 4.41 4.98 6.58 8.27

1:05:00 0.00 0.00 1.95 2.51 3.07 3.84 4.34 5.92 7.45

1:10:00 0.00 0.00 1.63 2.46 3.03 3.21 3.63 4.40 5.53

1:15:00 0.00 0.00 1.48 2.25 3.03 2.89 3.27 3.60 4.53

1:20:00 0.00 0.00 1.38 2.03 2.72 2.43 2.74 2.66 3.34

1:25:00 0.00 0.00 1.33 1.91 2.31 2.20 2.48 2.16 2.70

1:30:00 0.00 0.00 1.29 1.84 2.07 1.86 2.10 1.85 2.31

1:35:00 0.00 0.00 1.28 1.80 1.93 1.68 1.90 1.71 2.13

1:40:00 0.00 0.00 1.28 1.53 1.84 1.59 1.79 1.65 2.06

1:45:00 0.00 0.00 1.28 1.38 1.80 1.54 1.73 1.63 2.03

1:50:00 0.00 0.00 1.28 1.30 1.79 1.52 1.71 1.63 2.03

1:55:00 0.00 0.00 0.99 1.25 1.71 1.51 1.70 1.63 2.03

2:00:00 0.00 0.00 0.84 1.15 1.49 1.51 1.70 1.63 2.03

2:05:00 0.00 0.00 0.45 0.63 0.82 0.83 0.93 0.90 1.12

2:10:00 0.00 0.00 0.24 0.35 0.45 0.46 0.52 0.50 0.62

2:15:00 0.00 0.00 0.11 0.17 0.22 0.23 0.26 0.25 0.31

2:20:00 0.00 0.00 0.05 0.08 0.10 0.11 0.12 0.12 0.15

2:25:00 0.00 0.00 0.01 0.02 0.02 0.03 0.03 0.03 0.04

2:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

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

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Project: 

Basin ID: 

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 0 0.000

Selected BMP Type = EDB -- 0.33 -- -- -- 40  0.001 7 0.000

Watershed Area = 25.68 acres -- 1.33 -- -- -- 12,400  0.285  6,226  0.143

Watershed Length = 1,200  ft -- 3.33 -- -- -- 30,200  0.693 48,826  1.121

Watershed Length to Centroid = 450  ft -- 5.33 -- -- -- 41,100  0.944  120,126  2.758

Watershed Slope = 0.050  ft/ft -- 7.33 -- -- -- 52,400  1.203 213,626  4.904

Watershed Imperviousness = 61.00%  percent -- 9.33 -- -- -- 64,200  1.474  330,226  7.581

Percentage Hydrologic Soil Group A = 73.1%  percent -- -- -- --

Percentage Hydrologic Soil Group B = 26.9% percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- -- -- --

Target WQCV Drain Time = 40.0  hours -- -- -- --

Location for 1-hr Rainfall Depths = User Input -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.513 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 1.854  acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 1.386  acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 1.816  acre-feet 1.50  inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 2.206  acre-feet 1.75  inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 2.776  acre-feet 2.00  inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 3.256 acre-feet 2.25  inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 3.873 acre-feet 2.52  inches -- -- -- --

500-yr Runoff Volume (P1 = 3.14 in.) = 5.155  acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 1.258 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 1.661 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 2.045  acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 2.392  acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 2.602  acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 2.861 acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (WQCV) = 0.513 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 1.341 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 1.007  acre-feet -- -- -- --

Total Detention Basin Volume = 2.861 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 (A  ISV) = 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 (A  FLOOR) = user ft
 2 -- -- -- --

Volume of Basin Floor (V  FLOOR) = 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 (A  MAIN) = user ft
 2 -- -- -- --

Volume of Main Basin (V  MAIN) = user ft
 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user  acre-feet -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

After providing required inputs above including 1-hour rainfall

depths, click 'Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure.
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220915 POND 6.xlsm, Basin 9/16/2022, 12:07 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

2.30 Zone 1 (WQCV) 2.30 Zone 1 (WQCV)

4.31 Zone 2 (EURV) 4.31 Zone 2 (EURV)

5.44 Zone 3 (100-year) 5.44  Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.04 (February 2021)
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  Project: 

  Basin ID: 

Estimated Estimated

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

Zone 1 (WQCV) 2.30 0.513 Orifice Plate

Zone 2 (EURV) 4.31 1.341 Orifice Plate

Zone 3 (100-year) 5.44 1.007 Weir&Pipe (Restrict)

Total (all zones) 2.861

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft
2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate

Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft
2

Depth at top of Zone using Orifice Plate = 5.04  ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 20.20 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A ft
2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 1.68 3.36

Orifice Area (sq. inches) 3.31 3.35 15.00

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice

Not Selected Not Selected Not Selected Not Selected

Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A N/A ft
2

Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet

Vertical Orifice Diameter = N/A N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir

grate  Zone 3 Weir  Not Selected Zone 3 Weir  Not Selected

Overflow Weir Front Edge Height, Ho = 4.31 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 4.31 N/A feet

Overflow Weir Front Edge Length = 9.00 N/A feet Overflow Weir Slope Length = 9.00 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V  Grate Open Area / 100-yr Orifice Area = 17.75 N/A

Horiz. Length of Weir Sides = 9.00 N/A feet Overflow Grate Open Area w/o Debris = 56.38 N/A ft
2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 28.19 N/A ft
2

Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Zone 3 Restrictor  Not Selected Zone 3 Restrictor  Not Selected

Depth to Invert of Outlet Pipe = 0.33  N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 3.18  N/A ft
2 

Outlet Pipe Diameter = 30.00 N/A inches Outlet Orifice Centroid = 0.87 N/A feet

Restrictor Plate Height Above Pipe Invert = 18.50 inches Half-Central Angle of Restrictor Plate on Pipe = 1.81  N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 5.80 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.78  feet

Spillway Crest Length = 40.00 feet Stage at Top of Freeboard = 7.58  feet

Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 1.24  acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 5.21  acre-ft

Max Ponding Depth of Target Storage Volume = 4.99  feet Discharge at Top of Freeboard = 366.14  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  3.14

CUHP Runoff Volume (acre-ft) = 0.513  1.854  1.386  1.816  2.206  2.776  3.256  3.873  5.155

Inflow Hydrograph Volume (acre-ft) = N/A N/A 1.386  1.816  2.206  2.776  3.256  3.873  5.155

CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.5  0.8  4.8  16.3  23.3  32.9  53.5

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.02  0.03  0.19  0.64  0.91  1.28  2.08

Peak Inflow Q (cfs) = N/A N/A 30.0 40.3  48.7 65.3  77.7 88.9  120.8

Peak Outflow Q (cfs) = 0.3  0.9  0.6  0.8  4.0 10.3  19.1  32.3  34.7

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 1.0 0.8  0.6  0.8  1.0 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 0.1  0.2  0.3  0.6  0.6

Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 38 71  67 72  73  71  70 68  64

Time to Drain 99% of Inflow Volume (hours) = 40 76  70 76  78  77 77 76  75

Maximum Ponding Depth (ft) = 2.30 4.31  3.61  4.13  4.45  4.61  4.77 4.99  5.67

Area at Maximum Ponding Depth (acres) = 0.48  0.82  0.73  0.79  0.83  0.85  0.87 0.90 0.99

Maximum Volume Stored (acre-ft) = 0.515  1.860 1.313  1.708  1.976  2.102  2.240 2.435  3.086

DETENTION BASIN OUTLET STRUCTURE DESIGN
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Enclaves East

Pond 6

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

ExampleZone Configuration (Retention Pond)

220915 POND 6.xlsm, Outlet Structure  9/16/2022, 12:07 PM



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  231 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 362 Slope 0.040

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV  432 Shape 1.29

Hidden Parameters & Calculations  0.67(diameter = 15/16 inch) 5 Year 414

MaxPondDepth_Error? FALSE  0.76  (diameter = 1 inch) 10 Year 446 Spillway Depth

Cd_Broad-Crested Weir  3.00 0.86(diameter = 1-1/16 inches) 25 Year 462 0.78

WQ Plate Flow at 100yr depth = 1.09 0.97(diameter = 1-1/8 inches) 50 Year 478

CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 500 1 Z1_Boolean

n*Cdw #1 = 0.60 1.20(diameter = 1-1/4 inches) 500 Year 568 1 Z2_Boolean  

n*Cdo #1 = 0.74 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean  Outlet Rank  Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 1 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE  Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 0 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping

S-A-V-D Chart Axis Default  X-axis Left Y-Axis Right Y-Axis

minimum bound 0.00 0 0

maximum bound 8.00 230,000 370 

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

minimum bound

maximum bound

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 0.55 0.06 1.78

0:15:00 0.00 0.00 4.89 7.98 9.89 6.64 8.10 8.08 11.02

0:20:00 0.00 0.00 15.75 20.20 23.56 14.71 16.93 18.41 23.54

0:25:00 0.00 0.00 29.87 40.33 48.66 29.06 34.17 36.87 48.77

0:30:00 0.00 0.00 29.98 38.37 46.88 65.31 77.66 88.87 120.76

0:35:00 0.00 0.00 22.42 28.27 34.13 61.02 71.74 88.57 117.40

0:40:00 0.00 0.00 16.95 20.66 24.68 49.87 58.56 70.84 93.66

0:45:00 0.00 0.00 11.96 15.24 18.34 35.65 42.09 54.74 72.48

0:50:00 0.00 0.00 8.72 11.63 13.37 28.06 33.29 42.07 56.01

0:55:00 0.00 0.00 6.64 8.69 10.23 19.22 22.63 30.60 41.02

1:00:00 0.00 0.00 5.82 7.55 9.07 13.97 16.35 23.60 31.91

1:05:00 0.00 0.00 5.57 7.17 8.81 11.69 13.63 20.78 28.31

1:10:00 0.00 0.00 4.67 7.02 8.75 9.49 10.95 14.53 19.63

1:15:00 0.00 0.00 4.22 6.43 8.77 8.41 9.65 11.27 15.12

1:20:00 0.00 0.00 3.94 5.80 7.85 6.99 7.95 8.07 10.61

1:25:00 0.00 0.00 3.79 5.46 6.62 6.30 7.13 6.39 8.24

1:30:00 0.00 0.00 3.70 5.26 5.92 5.32 6.00 5.35 6.77

1:35:00 0.00 0.00 3.66 5.15 5.51 4.81 5.41 4.87 6.10

1:40:00 0.00 0.00 3.66 4.36 5.27 4.53 5.10 4.71 5.88

1:45:00 0.00 0.00 3.66 3.95 5.14 4.39 4.94 4.65 5.79

1:50:00 0.00 0.00 3.66 3.71 5.11 4.33 4.87 4.65 5.79

1:55:00 0.00 0.00 2.84 3.58 4.87 4.30 4.84 4.65 5.79

2:00:00 0.00 0.00 2.39 3.29 4.25 4.30 4.84 4.65 5.79

2:05:00 0.00 0.00 1.30 1.80 2.33 2.36 2.66 2.55 3.17

2:10:00 0.00 0.00 0.70 0.99 1.27 1.30 1.46 1.40 1.74

2:15:00 0.00 0.00 0.33 0.50 0.63 0.66 0.74 0.71 0.88

2:20:00 0.00 0.00 0.14 0.23 0.28 0.31 0.35 0.33 0.41

2:25:00 0.00 0.00 0.04 0.07 0.07 0.09 0.10 0.09 0.12

2:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

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

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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POND 401



Project: 

Basin ID: 

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 127 0.003

Selected BMP Type = EDB -- 1.00 -- -- -- 396 0.009 261  0.006

Watershed Area = 67.02  acres -- 2.00 -- -- -- 9,635 0.221  5,277 0.121

Watershed Length = 3,200  ft -- 4.00 -- -- -- 24,055 0.552  38,967 0.895

Watershed Length to Centroid = 1,400  ft -- 6.00 -- -- -- 30,917 0.710  93,939 2.157

Watershed Slope = 0.040  ft/ft -- 8.00 -- -- -- 38,358 0.881  163,214  3.747

Watershed Imperviousness = 4.70%  percent -- -- -- --

Percentage Hydrologic Soil Group A = 79.0%  percent -- -- -- --

Percentage Hydrologic Soil Group B = 21.0% percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- -- -- --

Target WQCV Drain Time = 40.0  hours -- -- -- --

Location for 1-hr Rainfall Depths = User Input -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.191  acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.207 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 0.126 acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 0.213 acre-feet 1.50  inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 0.511  acre-feet 1.75 inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 1.920  acre-feet 2.00  inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 2.887 acre-feet 2.25 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 4.461  acre-feet 2.52  inches -- -- -- --

500-yr Runoff Volume (P1 = 3.14 in.) = 7.667 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 0.120  acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.178 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.343 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.507 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 0.665 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 1.187 acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (WQCV) = 0.191  acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.016 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.980  acre-feet -- -- -- --

Total Detention Basin Volume = 1.187 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 (A  ISV) = 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 (A  FLOOR) = user ft
 2 -- -- -- --

Volume of Basin Floor (V  FLOOR) = 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 (A  MAIN) = user ft
 2 -- -- -- --

Volume of Main Basin (V  MAIN) = user ft
 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user  acre-feet -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

After providing required inputs above including 1-hour rainfall

depths, click 'Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure.
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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

2.29 Zone 1 (WQCV) 2.29 Zone 1 (WQCV)

2.35 Zone 2 (EURV) 2.35 Zone 2 (EURV)

4.52  Zone 3 (100-year) 4.52  Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
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  Project: 

  Basin ID: 

Estimated Estimated

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

Zone 1 (WQCV) 2.29 0.191 Orifice Plate

Zone 2 (EURV) 2.35 0.016 Orifice Plate

Zone 3 (100-year) 4.52 0.980 Weir&Pipe (Restrict)

Total (all zones) 1.187

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = ft (distance below the filtration media surface) Underdrain Orifice Area = ft
2

Underdrain Orifice Diameter = inches Underdrain Orifice Centroid = feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate

Invert of Lowest Orifice = 0.00  ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A  ft
2

Depth at top of Zone using Orifice Plate = 4.09 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A  feet

Orifice Plate: Orifice Vertical Spacing = N/A  inches Elliptical Slot Centroid = N/A  feet

Orifice Plate: Orifice Area per Row = N/A  inches Elliptical Slot Area = N/A  ft
2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 1.35 2.70

Orifice Area (sq. inches) 0.80 1.29 3.05

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice

Not Selected Not Selected Not Selected Not Selected

Invert of Vertical Orifice = N/A N/A  ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A  N/A  ft
2

Depth at top of Zone using Vertical Orifice = N/A N/A  ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A  N/A  feet

Vertical Orifice Diameter = N/A N/A  inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir

grate  Zone 3 Weir  Not Selected Zone 3 Weir  Not Selected

Overflow Weir Front Edge Height, Ho = 4.06 N/A  ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 4.06 N/A  feet

Overflow Weir Front Edge Length = 5.70 N/A  feet Overflow Weir Slope Length = 2.91 N/A  feet

Overflow Weir Grate Slope = 0.00 N/A  H:V  Grate Open Area / 100-yr Orifice Area = 4.04 N/A

Horiz. Length of Weir Sides = 2.91 N/A  feet Overflow Grate Open Area w/o Debris = 11.54 N/A  ft
2

Overflow Grate Type = Type C Grate N/A  Overflow Grate Open Area w/ Debris = 5.77 N/A  ft
2

Debris Clogging % = 50% N/A  %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Zone 3 Restrictor  Not Selected Zone 3 Restrictor  Not Selected

Depth to Invert of Outlet Pipe = 0.25 N/A  ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 2.86 N/A  ft
2 

Outlet Pipe Diameter = 24.00  N/A  inches Outlet Orifice Centroid = 0.92  N/A  feet

Restrictor Plate Height Above Pipe Invert = 20.50  inches Half-Central Angle of Restrictor Plate on Pipe = 2.36 N/A  radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 5.50  ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 1.04  feet

Spillway Crest Length = 13.50  feet Stage at Top of Freeboard = 7.54  feet

Spillway End Slopes = 4.00  H:V Basin Area at Top of Freeboard = 0.84  acres

Freeboard above Max Water Surface = 1.00  feet Basin Volume at Top of Freeboard = 3.35 acre-ft

Max Ponding Depth of Target Storage Volume = 5.47 feet Discharge at Top of Freeboard = 211.14  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  3.14

CUHP Runoff Volume (acre-ft) = 0.191  0.207 0.126 0.213  0.511  1.920  2.887 4.461  7.667

Inflow Hydrograph Volume (acre-ft) = N/A  N/A  0.126 0.213  0.511  1.920  2.887 4.461  7.667

CUHP Predevelopment Peak Q (cfs) = N/A  N/A  0.7 1.1  4.4  23.2  34.8  51.3  85.5

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  0.07 0.35 0.52  0.77 1.28

Peak Inflow Q (cfs) = N/A  N/A  1.6 2.7 6.4  25.2  36.9 53.6 87.7

Peak Outflow Q (cfs) = 0.1  0.1  0.1  0.1  0.2  9.7 20.0  30.2  67.5

Ratio Peak Outflow to Predevelopment Q = N/A  N/A  N/A  0.1  0.0  0.4  0.6 0.6 0.8

Structure Controlling Flow = Plate  Plate  Plate  Plate  Plate  Overflow Weir 1  Overflow Weir 1  Outlet Plate 1  Spillway

Max Velocity through Grate 1 (fps) = N/A  N/A  N/A  N/A  N/A  0.8  1.7 2.6 2.8

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 40  30 42  68  84  78  70  56

Time to Drain 99% of Inflow Volume (hours) = 40 42  31 44  73  94  91  87 81

Maximum Ponding Depth (ft) = 2.29 2.35 1.96 2.31  3.14  4.55 4.86 5.47 6.31

Area at Maximum Ponding Depth (acres) = 0.27 0.28  0.21  0.27 0.41  0.59 0.62  0.67 0.74

Maximum Volume Stored (acre-ft) = 0.192  0.209 0.112  0.195 0.481  1.204  1.392  1.791  2.373
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The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).
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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  230 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 197 Slope 0.040

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV  236 Shape 3.51

Hidden Parameters & Calculations  0.67(diameter = 15/16 inch) 5 Year 232

MaxPondDepth_Error? FALSE  0.76 (diameter = 1 inch) 10 Year 315 Spillway Depth

Cd_Broad-Crested Weir  3.00 0.86(diameter = 1-1/16 inches) 25 Year 456 1.04

WQ Plate Flow at 100yr depth = 0.32 0.97(diameter = 1-1/8 inches) 50 Year 487

CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 548 1 Z1_Boolean

n*Cdw #1 = 0.60 1.20(diameter = 1-1/4 inches) 500 Year 632 1 Z2_Boolean

n*Cdo #1 = 0.74 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean  Outlet Rank  Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 1 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE  Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 0 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping

S-A-V-D Chart Axis Default  X-axis Left Y-Axis Right Y-Axis

minimum bound 0.00  0 0

maximum bound 8.00 150,000  220  

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

minimum bound

maximum bound
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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 0.00 0.00 0.01

0:15:00 0.00 0.00 0.01 0.02 0.03 0.02 0.03 0.02 0.04

0:20:00 0.00 0.00 0.06 0.09 0.10 0.07 0.08 0.08 0.11

0:25:00 0.00 0.00 0.60 1.14 1.65 0.49 0.75 0.92 1.63

0:30:00 0.00 0.00 1.33 2.31 4.88 8.50 13.76 18.11 33.25

0:35:00 0.00 0.00 1.61 2.70 6.41 19.00 28.70 39.67 67.59

0:40:00 0.00 0.00 1.57 2.65 6.33 24.65 36.10 50.53 83.09

0:45:00 0.00 0.00 1.43 2.41 5.86 25.21 36.90 53.56 87.69

0:50:00 0.00 0.00 1.27 2.15 5.20 23.26 34.57 51.91 85.34

0:55:00 0.00 0.00 1.14 1.93 4.67 20.83 31.37 47.93 80.16

1:00:00 0.00 0.00 1.02 1.73 4.23 18.59 28.11 43.94 75.01

1:05:00 0.00 0.00 0.92 1.55 3.83 16.63 25.13 40.44 70.28

1:10:00 0.00 0.00 0.84 1.41 3.54 14.82 22.41 36.60 64.21

1:15:00 0.00 0.00 0.76 1.29 3.32 13.34 20.20 32.98 58.04

1:20:00 0.00 0.00 0.69 1.17 3.05 12.06 18.24 29.70 52.23

1:25:00 0.00 0.00 0.62 1.05 2.74 10.83 16.37 26.56 46.63

1:30:00 0.00 0.00 0.55 0.93 2.41 9.62 14.52 23.59 41.37

1:35:00 0.00 0.00 0.48 0.81 2.09 8.41 12.70 20.71 36.31

1:40:00 0.00 0.00 0.43 0.71 1.80 7.22 10.91 17.87 31.38

1:45:00 0.00 0.00 0.39 0.64 1.61 6.21 9.40 15.45 27.24

1:50:00 0.00 0.00 0.36 0.59 1.48 5.52 8.37 13.72 24.28

1:55:00 0.00 0.00 0.34 0.55 1.36 5.03 7.60 12.38 21.86

2:00:00 0.00 0.00 0.31 0.50 1.24 4.60 6.93 11.21 19.73

2:05:00 0.00 0.00 0.28 0.46 1.12 4.18 6.28 10.14 17.76

2:10:00 0.00 0.00 0.25 0.41 1.00 3.76 5.66 9.11 15.91

2:15:00 0.00 0.00 0.22 0.36 0.87 3.35 5.04 8.11 14.15

2:20:00 0.00 0.00 0.19 0.31 0.76 2.94 4.42 7.14 12.48

2:25:00 0.00 0.00 0.16 0.26 0.64 2.53 3.81 6.21 10.86

2:30:00 0.00 0.00 0.13 0.21 0.53 2.13 3.20 5.27 9.26

2:35:00 0.00 0.00 0.10 0.16 0.42 1.72 2.60 4.34 7.65

2:40:00 0.00 0.00 0.08 0.12 0.31 1.32 1.99 3.41 6.05

2:45:00 0.00 0.00 0.05 0.07 0.20 0.92 1.39 2.48 4.45

2:50:00 0.00 0.00 0.03 0.04 0.12 0.52 0.80 1.56 2.87

2:55:00 0.00 0.00 0.02 0.03 0.07 0.23 0.37 0.86 1.71

3:00:00 0.00 0.00 0.02 0.02 0.06 0.10 0.18 0.49 1.07

3:05:00 0.00 0.00 0.01 0.02 0.05 0.05 0.10 0.29 0.68

3:10:00 0.00 0.00 0.01 0.02 0.04 0.04 0.06 0.17 0.41

3:15:00 0.00 0.00 0.01 0.01 0.03 0.03 0.04 0.10 0.24

3:20:00 0.00 0.00 0.01 0.01 0.02 0.02 0.03 0.05 0.12

3:25:00 0.00 0.00 0.01 0.01 0.02 0.01 0.02 0.02 0.04

3:30:00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01

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

3:40:00 0.00 0.00 0.00 0.00 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 0.01

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

existing conditions POND 7.xlsm, Outlet Structure  9/16/2022, 12:28 PM



Project: 

Basin ID: 

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 127 0.003

Selected BMP Type = EDB -- 1.00 -- -- -- 396 0.009 261  0.006

Watershed Area = 18.17 acres -- 2.00 -- -- -- 9,635 0.221  5,277 0.121

Watershed Length = 1,500  ft -- 4.00 -- -- -- 24,055 0.552  38,967 0.895

Watershed Length to Centroid = 650  ft -- 6.00 -- -- -- 30,917 0.710  93,939 2.157

Watershed Slope = 0.020  ft/ft -- 8.00 -- -- -- 38,358  0.881 163,214  3.747

Watershed Imperviousness = 48.00%  percent -- -- -- --

Percentage Hydrologic Soil Group A = 16.3%  percent -- -- -- --

Percentage Hydrologic Soil Group B = 83.7%  percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- -- -- --

Target WQCV Drain Time = 40.0  hours -- -- -- --

Location for 1-hr Rainfall Depths = User Input -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.304  acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.940  acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 0.835 acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 1.213 acre-feet 1.50  inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 1.529 acre-feet 1.75 inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 2.007 acre-feet 2.00  inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 2.377 acre-feet 2.25 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 2.864  acre-feet 2.52  inches -- -- -- --

500-yr Runoff Volume (P1 = 3.14 in.) = 3.814  acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 0.688  acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.941  acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 1.239 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 1.383 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 1.461  acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 1.642  acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (WQCV) = 0.304  acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.636 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.702  acre-feet -- -- -- --

Total Detention Basin Volume = 1.642  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 (A  ISV) = 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 (A  FLOOR) = user ft
 2 -- -- -- --

Volume of Basin Floor (V  FLOOR) = 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 (A  MAIN) = user ft
 2 -- -- -- --

Volume of Main Basin (V  MAIN) = user ft
 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user  acre-feet -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --
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After providing required inputs above including 1-hour rainfall

depths, click 'Run CUHP' to generate runoff hydrographs using

the embedded Colorado Urban Hydrograph Procedure.
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1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP

1 CUHP Inputs Complete

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

2.67 Zone 1 (WQCV) 2.67 Zone 1 (WQCV)

4.09 Zone 2 (EURV) 4.09 Zone 2 (EURV)

5.25 Zone 3 (100-year) 5.25 Zone 3 (100-year)
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  Project: 

  Basin ID: 

Estimated Estimated

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

Zone 1 (WQCV) 2.67 0.304 Orifice Plate

Zone 2 (EURV) 4.09 0.636 Orifice Plate

Zone 3 (100-year) 5.25 0.702 Weir&Pipe (Restrict)

Total (all zones) 1.642

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft
2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate

Invert of Lowest Orifice = 0.00  ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft
2

Depth at top of Zone using Orifice Plate = 4.09 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = N/A inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A ft
2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 1.35 2.70

Orifice Area (sq. inches) 1.29 1.29 3.05

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice

Not Selected Not Selected Not Selected Not Selected

Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A N/A ft
2

Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet

Vertical Orifice Diameter = N/A N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir

grate  Zone 3 Weir  Not Selected Zone 3 Weir  Not Selected

Overflow Weir Front Edge Height, Ho = 4.06 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 4.06 N/A feet

Overflow Weir Front Edge Length = 5.70 N/A feet Overflow Weir Slope Length = 2.91 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V  Grate Open Area / 100-yr Orifice Area = 6.34 N/A

Horiz. Length of Weir Sides = 2.91 N/A feet Overflow Grate Open Area w/o Debris = 11.54 N/A ft
2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 5.77 N/A ft
2

Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Zone 3 Restrictor  Not Selected Zone 3 Restrictor  Not Selected

Depth to Invert of Outlet Pipe = 0.25  N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 1.82  N/A ft
2 

Outlet Pipe Diameter = 24.00  N/A inches Outlet Orifice Centroid = 0.64 N/A feet

Restrictor Plate Height Above Pipe Invert = 13.50  inches Half-Central Angle of Restrictor Plate on Pipe = 1.70  N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= 5.15  ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.91  feet

Spillway Crest Length = 13.50  feet Stage at Top of Freeboard = 7.06  feet

Spillway End Slopes = 4.00  H:V Basin Area at Top of Freeboard = 0.80  acres

Freeboard above Max Water Surface = 1.00  feet Basin Volume at Top of Freeboard = 2.96  acre-ft

Max Ponding Depth of Target Storage Volume = 5.13  feet Discharge at Top of Freeboard = 177.94 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  3.14

CUHP Runoff Volume (acre-ft) = 0.304 0.940  0.835  1.213  1.529 2.007 2.377 2.864 3.814

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.835  1.213  1.529 2.007 2.377 2.864 3.814

CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.7 4.0  6.5  12.5  16.0  20.9 29.5

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.04 0.22  0.36  0.69 0.88  1.15  1.62

Peak Inflow Q (cfs) = N/A N/A 12.0  18.1  22.6  30.1  35.8 43.0  56.9

Peak Outflow Q (cfs) = 0.1  0.4 0.3  2.5  5.9 12.5  17.3  19.1  32.1

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.6  0.9 1.0  1.1  0.9 1.1

Structure Controlling Flow = Plate  Overflow Weir 1  Plate  Overflow Weir 1  Overflow Weir 1  Overflow Weir 1  Overflow Weir 1  Outlet Plate 1  Spillway

Max Velocity through Grate 1 (fps) = N/A 0.01  N/A 0.2  0.5  1.1  1.5  1.6  1.7

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) = 39 70  66  72  70  68  66  64 61

Time to Drain 99% of Inflow Volume (hours) = 40 74 71  77 76  75  74 73  72

Maximum Ponding Depth (ft) = 2.67 4.09 3.81  4.24 4.40  4.64 4.78  5.13  5.57

Area at Maximum Ponding Depth (acres) = 0.33  0.56  0.52  0.57 0.58  0.60  0.61  0.64 0.68

Maximum Volume Stored (acre-ft) = 0.306  0.945  0.787 1.029 1.122  1.258  1.349 1.569 1.859

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 4.04 (February 2021)

Enclaves East

Pond 7

ExampleZone Configuration (Retention Pond)

220915 POND 7.xlsm, Outlet Structure  9/16/2022, 12:09 PM



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  268 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 382 Slope 0.020

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV  410 Shape 2.84

Hidden Parameters & Calculations  0.67(diameter = 15/16 inch) 5 Year 425

MaxPondDepth_Error? FALSE  0.76  (diameter = 1 inch) 10 Year 441 Spillway Depth

Cd_Broad-Crested Weir  3.00 0.86(diameter = 1-1/16 inches) 25 Year 465 0.91

WQ Plate Flow at 100yr depth = 0.34 0.97(diameter = 1-1/8 inches) 50 Year 479

CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 514 1 Z1_Boolean

n*Cdw #1 = 0.60 1.20(diameter = 1-1/4 inches) 500 Year 558 1 Z2_Boolean  

n*Cdo #1 = 0.74 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean  Outlet Rank  Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 1 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE  Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 0 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping

S-A-V-D Chart Axis Default  X-axis Left Y-Axis Right Y-Axis

minimum bound 0.00  0 0

maximum bound 8.00 130,000  180  

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

minimum bound

maximum bound

MHFD-Detention, Version 4.04 (February 2021)
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 0.13 0.01 0.41

0:15:00 0.00 0.00 1.12 1.84 2.28 1.53 1.92 1.87 2.70

0:20:00 0.00 0.00 4.03 5.33 6.46 3.96 4.63 4.95 6.58

0:25:00 0.00 0.00 9.36 13.62 17.94 9.17 10.91 11.79 18.03

0:30:00 0.00 0.00 11.96 18.11 22.58 24.91 29.99 34.17 46.26

0:35:00 0.00 0.00 11.45 17.07 21.09 30.12 35.82 42.95 56.87

0:40:00 0.00 0.00 10.41 15.10 18.74 29.83 35.27 42.19 55.61

0:45:00 0.00 0.00 9.05 13.25 16.59 27.09 32.01 39.35 51.80

0:50:00 0.00 0.00 7.90 11.75 14.52 24.73 29.23 35.85 47.25

0:55:00 0.00 0.00 6.92 10.25 12.69 21.52 25.51 32.02 42.26

1:00:00 0.00 0.00 6.07 8.90 11.07 18.57 22.07 28.57 37.71

1:05:00 0.00 0.00 5.47 7.95 9.99 16.05 19.13 25.52 33.81

1:10:00 0.00 0.00 4.86 7.31 9.26 13.82 16.47 21.57 28.72

1:15:00 0.00 0.00 4.33 6.60 8.62 12.09 14.37 18.35 24.52

1:20:00 0.00 0.00 3.86 5.82 7.70 10.37 12.31 15.26 20.35

1:25:00 0.00 0.00 3.41 5.07 6.56 8.80 10.43 12.54 16.66

1:30:00 0.00 0.00 2.98 4.38 5.49 7.26 8.57 10.15 13.42

1:35:00 0.00 0.00 2.59 3.77 4.58 5.85 6.85 7.97 10.49

1:40:00 0.00 0.00 2.30 3.16 3.93 4.62 5.37 6.10 8.00

1:45:00 0.00 0.00 2.16 2.78 3.56 3.75 4.35 4.81 6.36

1:50:00 0.00 0.00 2.09 2.55 3.34 3.25 3.75 4.03 5.33

1:55:00 0.00 0.00 1.87 2.38 3.13 2.93 3.37 3.52 4.65

2:00:00 0.00 0.00 1.67 2.20 2.86 2.72 3.11 3.15 4.16

2:05:00 0.00 0.00 1.33 1.75 2.27 2.14 2.44 2.41 3.17

2:10:00 0.00 0.00 1.03 1.35 1.75 1.63 1.85 1.78 2.33

2:15:00 0.00 0.00 0.80 1.04 1.34 1.24 1.41 1.32 1.72

2:20:00 0.00 0.00 0.62 0.80 1.02 0.95 1.07 0.99 1.29

2:25:00 0.00 0.00 0.47 0.61 0.77 0.71 0.80 0.75 0.97

2:30:00 0.00 0.00 0.36 0.45 0.57 0.53 0.60 0.56 0.73

2:35:00 0.00 0.00 0.27 0.33 0.42 0.39 0.44 0.42 0.54

2:40:00 0.00 0.00 0.20 0.24 0.32 0.30 0.33 0.32 0.41

2:45:00 0.00 0.00 0.14 0.17 0.23 0.22 0.24 0.23 0.30

2:50:00 0.00 0.00 0.09 0.12 0.16 0.15 0.17 0.16 0.21

2:55:00 0.00 0.00 0.06 0.08 0.10 0.10 0.11 0.10 0.13

3:00:00 0.00 0.00 0.03 0.04 0.05 0.05 0.06 0.06 0.07

3:05:00 0.00 0.00 0.01 0.02 0.02 0.02 0.03 0.02 0.03

3:10:00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01

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
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ZONE: R1-6
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Appendix Appendix Appendix Appendix D DDD  

Channel Hydraulic Analysis

(HEC-RAS)

 "Enclave at Mountain Vist Barnes Road Culvert 
and Sand Creek East Fork Sub-tributary Channel

Project Channel Design Report", dated November 2021,
by Wilson & Company.

FOR INFORMATION PURPOSES ONLY
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HEC-RAS  Plan: Prp   River: Sand Creek   Reach: SCEFST_Align

Reach  River Sta  Profile  Q Total Min Ch El W.S. Elev Vel Total Froude # XS Mann Wtd Chnl Shear Total Max Chl Dpth Top Width

(cfs) (ft) (ft) (ft/s)   (lb/sq ft) (ft) (ft)

SCEFST_Align  4095    5yr Pr 400.00  6640.80  6642.20  4.54  1.02  0.032 0.70  1 .40  142.18

SCEFST_Align  4095    100yr Pr 1150.00  6640.80  6642.83  5.81  1 .02  0.032 0.97  2.03  196.65

SCEFST_Align  4064    5yr Pr 400.00  6641.10  6641.84 2.84 0.59 0.032 0.26 0.74  191.42

SCEFST_Align  4064    100yr Pr 1150.00  6641.10  6642.61 3.98 0.58 0.032 0.40 1 .51  196.01

SCEFST_Align  3875    5yr Pr 400.00  6639.20  6640.16 3.66 0.67 0.044 0.74 0.96  116.35

SCEFST_Align  3875    100yr Pr 1150.00  6639.20  6641.00 5.50 0.75 0.044 1 .34 1.80  121.51

SCEFST_Align  3872.00* 5yr Pr 400.00  6639.17  6640.10 3.83 0.71 0.044 0.82 0.93  114.92

SCEFST_Align  3872.00* 100yr Pr 1150.00  6639.17  6640.93 5.71 0.78 0.044 1.46 1 .76  119.98

SCEFST_Align  3869    5yr Pr 400.00  6639.14  6639.88 4.88 1.01 0.044 1.43 0.74  112.53

SCEFST_Align  3869    100yr Pr 1150.00  6639.14  6640.64 6.83 1.01 0.044 2.21 1 .50  117.13

SCEFST_Align  3861 .33* 5yr Pr 400.00  6637.63  6638.06  9.38 2.54 0.044 6.35 0.43  100.19

SCEFST_Align  3861 .33* 100yr Pr 1150.00  6637.63  6638.64  11 .27 2.02 0.044 6.86 1 .01  103.74

SCEFST_Align  3853.67* 5yr Pr 400.00  6636.13  6637.53 3.13 0.48 0.044 0.47 1.40  95.68

SCEFST_Align  3853.67* 100yr Pr 1150.00  6636.13  6639.59 3.41 0.35 0.044 0.41 3.46  108.23

SCEFST_Align  3846    5yr Pr 400.00  6634.62  6637.57 1 .58 0.17 0.064 0.20 2.95  94.66

SCEFST_Align  3846    100yr Pr 1150.00  6634.62  6639.61 2.60 0.21 0.064 0.46 4.99  107.11

SCEFST_Align  3837    5yr Pr 400.00  6634.62  6637.54 1 .90 0.20 0.064 0.29 2.92 84.02

SCEFST_Align  3837    100yr Pr 1150.00  6634.62  6639.53 3.19 0.26 0.064 0.70 4.91 97.39

SCEFST_Align  3834    5yr Pr 400.00  6635.62  6637.35 3.48 0.48 0.064 1.17 1 .73  74.67

SCEFST_Align  3834    100yr Pr 1150.00  6635.62  6639.29 4.61 0.43 0.064 1.60 3.67  90.73

SCEFST_Align  3829    5yr Pr 400.00  6635.60  6636.77 5.95 0.99 0.064 3.89 1 .17  62.82

SCEFST_Align  3829    100yr Pr 1150.00  6635.60  6639.01 5.76 0.55 0.064 2.56 3.40  80.54

SCEFST_Align  3825.00* 5yr Pr 400.00  6634.60  6635.50 8.93 1.69 0.064 9.55 0.90 53.83

SCEFST_Align  3825.00* 100yr Pr 1150.00  6634.60  6639.03 5.10 0.43 0.064 1 .84 4.43 65.49

SCEFST_Align  3821 .00* 5yr Pr 400.00  6633.60  6634.59 9.52 1.71 0.064 10.55 0.99 47.55

SCEFST_Align  3821 .00* 100yr Pr 1150.00  6633.60  6639.02 4.92 0.37 0.064 1.60 5.42 48.72

SCEFST_Align  3817.00* 5yr Pr 400.00  6632.60  6634.92 4.90 0.57 0.064 2.11 2.32  41 .07

SCEFST_Align  3817.00* 100yr Pr 1150.00  6632.60  6638.96 5.14 0.36 0.064 1.65 6.36  41.09

SCEFST_Align  3813    5yr Pr 400.00  6631 .60  6634.92 4.43 0.43 0.064 1 .52 3.32  33.45



HEC-RAS  Plan: Prp   River: Sand Creek   Reach: SCEFST_Align (Continued)

Reach  River Sta  Profile  Q Total Min Ch El W.S. Elev Vel Total Froude # XS Mann Wtd Chnl Shear Total Max Chl Dpth Top Width

(cfs) (ft) (ft) (ft/s)   (lb/sq ft) (ft) (ft)

SCEFST_Align  3813    100yr Pr 1150.00  6631 .60  6638.77  5.89  0.39  0.064  2.08  7.17  33.45

SCEFST_Align  3700 Culvert

SCEFST_Align  3586    5yr Pr 400.00  6630.72  6633.43 3.25 0.36 0.072 1 .12 2.71 56.55

SCEFST_Align  3586    100yr Pr 1150.00  6630.72  6634.80 6.12 0.54 0.072 3.45 4.08 62.39

SCEFST_Align  3573    5yr Pr 400.00  6630.69  6633.37 2.79 0.34 0.072 0.79 2.67  62.73

SCEFST_Align  3573    100yr Pr 1150.00  6630.69  6634.74 4.87 0.49 0.072 2.11 4.05  73.48

SCEFST_Align  3556    5yr Pr 400.00  6630.66  6632.59 5.60 1.07 0.070 2.61 1 .93 71.90

SCEFST_Align  3556    100yr Pr 1150.00  6630.66  6633.74 7.16 0.99 0.070 4.74 3.08 83.77

SCEFST_Align  3550    5yr Pr 400.00  6630.64  6631.26  8.72 1.99 0.095 22.51 0.62 75.99

SCEFST_Align  3550    100yr Pr 1150.00  6630.64  6631.97  11 .31 1.81 0.095 29.16 1 .33 81.66

SCEFST_Align  3530    5yr Pr 400.00  6625.64  6629.41 1 .29 0.13 0.050 0.07 3.77  93.61

SCEFST_Align  3530    100yr Pr 1150.00  6625.64  6630.87 2.54 0.22 0.050 0.25 5.23  102.34

SCEFST_Align  3523    5yr Pr 400.00  6625.64  6629.41 1 .29 0.13 0.050 0.07 3.77  94.91

SCEFST_Align  3523    100yr Pr 1150.00  6625.64  6630.86 2.52 0.22 0.050 0.25 5.22  104.13

SCEFST_Align  3516    5yr Pr 400.00  6626.64  6629.23 3.06 0.50 0.055 0.54 2.59  91.75

SCEFST_Align  3516    100yr Pr 1150.00  6626.64  6630.59 4.38 0.51 0.055 1.07 3.95 102.61

SCEFST_Align  3513    5yr Pr 400.00  6626.64  6629.22 3.10 0.51 0.040 0.29 2.58  91.64

SCEFST_Align  3513    100yr Pr 1150.00  6626.64  6630.57 4.41 0.52 0.040 0.57 3.93  102.47

SCEFST_Align  3503    5yr Pr 400.00  6626.62  6629.18 3.14 0.53 0.032 0.20 2.56  91.49

SCEFST_Align  3503    100yr Pr 1150.00  6626.62  6630.51 4.49 0.55 0.032 0.41 3.89  102.11

SCEFST_Align  3400    5yr Pr 400.00  6626.41  6628.91 3.27 0.57 0.032 0.21 2.50  91.02

SCEFST_Align  3400    100yr Pr 1150.00  6626.41  6630.17 4.73 0.59 0.032 0.45 3.76  101.09
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   RS = 4064
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SandCreekEastTrib       Plan: Proposed(Interp XS)    11/11/2021
   RS = 3875

Station (ft)

E
le

v
a
tio

n
 (
ft
)

Legend

EG 100yr Pr

WS 100yr Pr

EG 5yr Pr

WS 5yr Pr

Ground

Bank Sta

.
0
3
5

.044  .
0
3
5

120 140 160 180 200 220 240 260 280
6639.0

6639.5

6640.0

6640.5

6641.0

6641.5

6642.0

6642.5

6643.0
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   RS = 3872.00*
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FLOODING SOURCE FLOODWAY
BASE FLOOD

WATER-SURFACE ELEVATION
(FEET NAVD88)

CROSS SECTION DISTANCE
1 WIDTH

(FEET)

SECTION
AREA

(SQUARE
FEET)

MEAN
VELOCITY
(FEET PER
SECOND)

REGULATORY
WITHOUT

FLOODWAY
WITH

FLOODWAY
INCREASE

Sand Creek East Fork
Subtributary

A 650 63 194 10.5 6427.4 6427.4 6427.4 0.0

B 2,120 77 208 9.7 6450.1 6450.1 6450.1 0.0

C 2,270 90 388 5.4 6453.3 6453.3 6453.3 0.0

D 3,567 58 191 10.3 6471.4 6471.4 6471.4 0.0

E 4,408 56 185 10.6 6483.7 6483.7 6483.7 0.0

F 5,507 65 198 9.9 6500.9 6500.9 6501.0 0.1

G 6,547 78 211 9.2 6513.8 6513.8 6514.0 0.2

H 7,197 44 257 7.5 6519.9 6519.9 6520.9 1.0

I 8,147 64 192 9.9 6538.8 6538.8 6538.8 0.0

J 9,057 100 403 4.3 6548.7 6548.7 6549.7 1.0

K 10,537 80 195 8.9 6561.2 6561.2 6561.6 0.4

L 11,340 231 202 5.5 6580.8 6580.8 6580.8 0.0

M 13,100 214 201 5.5 6605.5 6605.5 6605.5 0.0

N 15,970 219 209 5.3 6642.7 6642.7 6642.7 0.0

O 18,710 60 96 7.2 6677.8 6677.8 6677.8 0.0

P 20,450 90 110 6.3 6701.4 6701.4 6701.4 0.0

Q 22,700 100 112 6.1 6732.8 6732.8 6732.9 0.1

1
Feet Above Confluence with Sand Creek East Fork.
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SAND CREEK – SAND CREEK DRAINAGE BASIN PLANNING STUDY

Fee Development

8.1

8.0 FEE DEVELOPMENT

This section describes the basis of estimating capital costs and the drainage fee per acre for the recommended DBPS

stormwater improvements.

Stormwater improvements identified for Sand Creek consist of spot channel improvements (e.g., eroding

streambanks), reach channel improvements (including channel grading and grade control structures), new storm drain

systems, and improvements to Sand Creek Regional Ponds 1 and 2. These improvements are broken down by reach

to identify the improvements required in each subbasin. Engineering design costs have been estimated to be 10% of

the overall construction cost. No allowances have been provided for utility relocations, habitat mitigation, or ROW

acquisition.

During implementation, the recommended stormwater improvements may have to be modified to fit specific site

conditions. The number of drop structures within a particular reach has been estimated based on allowable slope

within the channel reach. The assumed size and locations may be moved to minimize disturbance and to fit site

conditions.

The drainage fee for Sand Creek has been established to determine an equitable cost of drainage improvements that

will be shared across all remaining developable land within the basin. Currently, platted land is not required to pay for

additional stormwater improvements within the basin. The drainage fee is the cost of reimbursable stormwater

improvements within the City’s future developable area that have been identified in this DBPS divided by the

remaining unplatted land within the basin.

8.1 UNIT COSTS

Improvements to Regional Ponds 1 and 2 consist of constructing new outlet structures and low flow channels through

the storage areas. Costs of these improvements were calculated based on the specific proposed improvements at

each location, using typical unit costs for concrete work, earthwork, and other requirements.

The costs of new storm drain systems were based on a unit cost per linear foot for the required pipe diameter. The

unit cost includes the pipe, excavation, transitions, and all appurtenances.

The costs of roadway crossing improvements were also based on a unit cost per linear foot for the required culvert

size. The unit cost includes excavation and embankment as well as required headwalls and wingwalls and other

appurtenances necessary for construction.

The costs of reach channel improvements were estimated as a linear foot cost based on recent channel projects

completed in Sand Creek and surrounding basins. Reach channel Improvements include channel grading, bank

stabilization, drop structures, revegetation, and all other construction elements needed along each channel segment.

Only road crossings are included in separate cost items.

The costs of spot channel improvements such as localized erosion control and stabilization measures were estimated

as a lump sum based on recent projects in the basin. Each spot improvement assumes a project length of 250 LF. In

order to account for variations in stream width, three types of spot improvements are identified. Small improvements

correspond to upstream locations with top widths less than 90’. Medium improvements correspond to locations with

top widths between 90’ and 150’ while large improvements correspond to locations where spot improvements are

required on channels greater than 150’ in top width.

A summary of the unit costs is provided in Table 8-1 and Table 8-2.

Table 8-1. Unit Costs for Sand Creek DBPS Cost Estimates

Facility  Unit Unit Cost Notes

Engineered Channel ID 1 (TW = 92') LF $600  Based on CCS CIP Channel Costs

Engineered Channel ID 2 (TW = 120') LF $800 Based on CCS CIP Channel Costs

Engineered Channel ID 3 (TW = 168') LF $1,200 Based on CCS CIP Channel Costs

Engineered Channel ID 4 (TW = 200') LF $2,400 Based on CCS CIP Channel Costs

Natural Channel ID 5 (TW = 84') LF $400 Based on CCS CIP Channel Costs

Natural Channel ID 6 (TW = 144') LF $700 Based on CCS CIP Channel Costs

Natural Channel ID 7 (TW = 188') LF $1,000 Based on CCS CIP Channel Costs

Natural Channel ID 8 (TW = 284') LF $2,000 Based on CCS CIP Channel Costs

Small Spot Channel Improvement EA $250,000 Estimated Improvement Length of
250’

Medium Spot Channel Improvement EA $350,000 Estimated Improvement Length of
250’

Large Spot Channel Improvement EA $550,000 Estimated Improvement Length of
250’

Concrete Channel Improvement LF $1,000 Based on CDOT Cost Data Book
2019

48" RCP LF $350 Based on CDOT Cost Data Book
2019

60" RCP LF $450 Based on CDOT Cost Data Book
2019

72" RCP LF $550 Based on CDOT Cost Data Book
2019

84” RCP LF $650 Based on CDOT Cost Data Book
2019

Box Culvert < 50 SF LF $1,000 Based on MHFD Bid Item Pricing
v8.0.

Box Culvert 50 < 74 SF LF $1,400 Based on MHFD Bid Item Pricing
v8.0.

Box Culvert 75 < 99 SF LF $1,700 Based on MHFD Bid Item Pricing
v8.0.

Box Culvert 100 < 150 SF LF $2,000 Based on MHFD Bid Item Pricing
v8.0.

Box Culvert > 150 SF LF $2,500 Based on MHFD Bid Item Pricing
v8.0.

Sand Creek DBPS Report EA $500,000 City Cost
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