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Engineer’s Statement: 

“I hereby certify that this report (plan) for the Final PUD drainage design of East Street 

Village was prepared by me (or under my direct supervision) in accordance with the 

provisions of the City of Louisville Storm Drainage Design and Technical Criteria for the 

owners thereof.” 

Prepared for and on the behalf of The Sanitas Group, LLC 

 

 

Curtis C. Stevens, Principal 

Colorado Professional Engineer #40337
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I. GENERAL LOCATION AND DESCRIPTION 
 

A. Location 

The proposed project site is located at 533 & 565 East Street and is in the Southeast quarter of Section 

8, Township 1 South, Range 69 West of the 6th P.M., County of Boulder, City of Louisville, State of 

Colorado.   

 

The project site consists of two parcels of land with a total area of 3.66-acres. The two parcels are 

described as: 

1. Boulder County Assessor Tract 704 (533 East Street) with an area of 2.07-acres. 

2. Boulder County Assessor Tract 704-A (565 East Street) with an area of 1.59-acres. 

 

To the north of Tracts 704 and 704-A is a strip of land owned by the City of Louisville.  Commercial 

properties in the Pine Street Plaza subdivision are located north of the City-owned strip of land.  

Single-family residences, including the Lombardi subdivision, are located south of Tracts 704 and 

704-A. 

 

As delineated on FEMA Flood Insurance Rate Map 08013CO582K, effective date 15 August 2019 [6], 

the project site is not impacted by the effective 100 -year (1% annual chance) regulatory floodplain. 

 

B. Description of Property 

The property is located on the west side of East Street and south of the Pine Street Plaza subdivision.  

The BNSF railway is adjacent to the west side of the site. Currently there are five driveway access 

points off of East Street with four providing access to Tract 704-A and one providing access to Tract 

704. A strip of land (owned by the City of Louisville) containing a drainage ditch and a 60” rcp storm 

sewer (Drainageway B) is adjacent to the north side of Tracts 704 and 704-A. 

 

As shown on the “Existing Conditions Drainage Plan” included in Appendix F of this report, Tract 704 

is currently undeveloped with the exception of a single-family house located in the southeast corner 

of the parcel. Ground cover consists of grasses and trees.  Tract 704-A is currently developed with 
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eight single-family homes, three detached garages and gravel driveways. Undeveloped areas consist 

of grasses and trees.  

 

USDA Natural Resources Conservation Services classified the soils on the property as Ascalon sandy 

loam (AcA), having a Group B hydrologic soil rating [2].   

 

The proposed development of the East Street Village site will include the construction of 21 

residential townhome units and 15 single-family homes.   

 

II. HISTORIC DRAINAGE 
 

A. Major Basin Description 

The project site is located within the Coal Creek drainage basin. A basinwide planning study was 

completed in 1982 titled “Basinwide Major Drainageway Planning, City of Louisville/Boulder County 

Outfall System Plan” (MDP) [3]. 

 

B. Sub-Basin Description 

The project site is located within Drainageway B in the MDP which covers 211 acres of the southern 

residential area of Louisville, however runoff from the project site does not drain to the Drainageway 

B storm sewer.  Most of the project site slopes to the northeast and drains to the existing ditch 

adjacent to the north side of the project site, then to the existing 30”x19” culvert in East Street. The 

southeasterly portion of the site drains in a northeasterly direction into East Street.  Runoff in East 

Street flows through the detention pond in Outlot A in the Pine Street Plaza subdivision.  All runoff 

from the project site ultimately drains into Coal Creek. 

 

Initially, runoff from that portion of Drainageway B west of the BNSF railway was conveyed via a 36” 

rcp storm sewer located in Front Street between Pine Street and Elm Street, then east to the east side 

of Highway 42, to an open channel that paralleled the east side of Highway 42, ultimately discharging 

into Coal Creek.  The 36” rcp storm sewer was replaced in the early 1990’s with 54” and 60” rcp and 

the open channel portion of the drainageway was realigned.  The Drainageway B storm sewer 

improvements are detailed in the “Drainagway B Outfall Improvements”, dated June 7, 1990 [4]. 

Runoff enters the Drainageway B storm sewer via inlets located along Front Street and Elm Street.  
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There are no storm sewer inlet connections to the Drainageway B storm sewer east of the BNSF 

railway.  The Drainageway B storm sewer passes through a City-owned strip of land located between 

the subject property and the Pine Street Plaza subdivision.  This strip of land also contains a drainage 

ditch that receives runoff from the subject property and from the southerly portion of the Pine Street 

Plaza subdivision.  An existing 36” rcp storm sewer that runs under the BNSF railway east of Elm 

Street was plugged and abandoned as part of the “Lafayette-Louisville Boundary Area Drainage 

Improvements: Phase II” project, therefore no runoff is conveyed from the west side of the BNSF 

railway to the drainage ditch east of the BNSF railway.  The drainage ditch drains to the east to a 

30”x19” elliptical culvert that runs under East Street and drains to a swale on the east side of East 

Street.  The swale drains to the north to the City’s storm sewer system, then to the Empire Road ditch, 

and ultimately into Coal Creek.  The Empire Road ditch was formerly designated Drainageway A-2 

until the new Drainageway A-2 channel was completed in 2017 as part of the “Lafayette-Louisville 

Boundary Area Drainage Improvements: Phase I Highway 42 to Coal Creek” project. 

 

The “Lafayette-Louisville Boundary Outfall System Plan, Conceptual Design Report” (OSP), dated May 

2011 [5] presents conceptual design alternatives to achieve the goal of conveying the future 

conditions 100-year flow.  The recommended plan improvements were within watersheds DWA and 

DW7.  The project site is located within watershed DWB and sub-watershed S21 in the OSP.  Figure 

B5 in the OSP shows sub-watershed S21 draining to Drainageway B, however, as described 

previously, the project site drains to the Empire Road ditch, then into Coal Creek. The conceptual 

design improvements presented in the OSP were the basis for the recently completed “Lafayette-

Louisville Boundary Area Drainage Improvements: Phase I Highway 42 to Coal Creek” [6] and the 

“Lafayette-Louisville Boundary Area Drainage Improvements: Phase II” [7] projects. 

 

There are no nearby irrigation facilities which will affect the local drainage.  There is a ditch just south 

of the project site that may be used for irrigation purposes, however the site slopes to the northeast, 

away from the ditch, therefore the ditch will not affect the local drainage. 

 

III. DRAINAGE DESIGN CRITERIA 
 

A. Regulations 
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This Final PUD Drainage Report was prepared using the criteria outlined in the City of Louisville 

“Storm Drainage and Technical Criteria Manual”, [Criteria] [1], the Mile High Flood District [MHFD] 

“Urban Storm Drainage Criteria Manual, Volumes 1 and 2” [6], and the Mile High Flood District “Urban 

Storm Drainage Criteria Manual, Volume 3 – Best Management Practices” [7].   

 

B. Development Criteria Reference and Constraints 

There are no known previous drainage studies for the site. 

 

C. Hydrological Criteria 

Hydrologic design was completed in accordance with the City of Louisville and MHFD requirements.  

The minor and major rainfall events used for site design are the 2-year and 100-year events, and the 

2, 5, 10, and 100-year values were calculated.  The rational method was utilized for runoff 

calculations, with rainfall intensities specific to the Louisville area.  The proposed detention facilities 

will utilize the full spectrum detention approach with WQCV/EURV drain times and 100-year release 

rates in accordance with MHFD, USDCM Volume 2. 

 

Detention, WQCV and EURV pond volumes along with the detention pond release rates were 

calculated using MHFD-Detention, Version 4.04. 

 

D. Hydraulic Criteria 

All detailed hydraulic calculations are in accordance with City of Louisville standards. 

 

 

IV. DRAINAGE FACILITY DESIGN 
 
A. General Concept 

Seven sub-basins have been delineated as part of the detailed site analysis and are shown on the 

Proposed Conditions Drainage Plan included with this report.  The majority of the site will be directed 

to the proposed onsite detention ponds via sheet flow, curb & gutter, and storm sewer.  The proposed 

storm sewer system is sized to convey the 100-year storm event to the onsite detention ponds which 

will release via outlet structures, storm sewer pipe and weirs. 
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Sub-Basin Description 

Existing conditions Basin A1x covers the westerly and northeasterly portions of the site, consisting 

of homes, garages, gravel driveways and parking areas and undeveloped areas.  Runoff from Basin 

A1x generally drains to the northeast, into the drainage ditch located adjacent to the north side of the 

project site. 

 

Existing conditions Basin A2x covers the southeasterly portion of the site, consisting of homes, 

garages, gravel driveways and parking spaces and undeveloped areas.  Runoff from Basin A2x drains 

to the northeast into East Street, which drains to the north into the Pine Street Plaza detention pond. 

 

Existing conditions Basin OS1 covers the BNSF railway right-of-way adjacent to the west side of Tract 

704.  Runoff from Basin OS1 drains easterly into Basin A1x.  For the proposed conditions analysis 

Basin OS1 was split into two basins: Basins OS1 and OS2.  Runoff from Basins OS1 and OS2 drain into 

Basins A1 and A2, respectively. 

 

Existing conditions Basin OS2 covers the BNSF railway right-of-way and the City-owned strip of land 

adjacent to the north side of the project site.  Runoff from Basin OS2 is conveyed to the east within a 

drainage ditch to the existing 30”x19” HERCP culvert in East Street.  For the proposed conditions 

analysis Basin OS2 is renamed Basin OS3. 

 

Proposed conditions Basin A1 covers the northerly portion of the site and consists of single-family 

homes, townhomes, garages, concrete streets and sidewalks, and landscape areas. Runoff from Basin 

A1 will be directed to Rain Garden A via sheet flow, curb & gutter and storm sewer.  

 

Proposed conditions Basin A2 covers the southerly portion of the site consisting of single-family 

homes, townhomes, garages, concrete streets and sidewalks, and landscape areas. Runoff from Basin 

A2 will be directed to Rain Garden B via sheet flow, curb & gutter and storm sewer. 

 

Proposed conditions Basin A3 consists of a small landscape area in the northeasterly portion of the 

site.  Runoff from Basin A3 will drain to a grass swale that will replace the existing ditch to the north 

of the site.  The grass swale will drain to the east to the culvert at East Street. 
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Proposed conditions Basin A4 is a strip of land along the east side of the site consisting of concrete 

sidewalks and landscape areas.  Runoff from Basin A4 will drain to the east into East Street. 

 

 

B. Specific Details 

A combination rain garden/detention pond, labeled Rain Garden A on the Proposed Conditions 

Drainage Plan, will be located in the northeast corner of the site that will receive runoff from Basin 

A1. Offsite flow from Basin OS1 will flow through Rain Garden A.  A second combination rain 

garden/detention pond, labeled Rain Garden B, will be located in the southeast corner of the site that 

will receive runoff from Basin A2.  Offsite runoff from Basin OS2 will flow through Rain Garden B.  

The rain garden areas will be located around the perimeter of the structures with a lower middle 

portion for additional stormwater detention.  Due to the proximity of the rain gardens to the adjacent 

structures, the rain gardens are designed for no infiltration and will contain an underdrain and 

impermeable liner.  The rain garden outlet structures will contain circular orifices to restrict the 

release of the WQCV and EURV to the MHFD recommended drain times.  Since the rain garden 

underdrain and outlet pipe will be lower than the adjacent drainage ditch, a connection to the 

Drainageway B 60” rcp storm sewer is proposed to serve as the outfall for the WQCV and EURV for 

both rain gardens, and the 100-year release for Rain Garden B.  The 100-year release from Rain 

Garden A will be through a weir on the north side of the rain garden, draining into the adjacent 

drainage ditch, then following the historic drainage path to Coal Creek via the swale on the east side 

of East Street and the Empire Road ditch.  The full flow capacity of the 60” rcp is approximately 182 

cfs which occurs during the 100-year storm event. The peak outflow from the rain gardens releasing 

to the 60” rcp is 0.31 cfs and will precede the peak flow from Drainageway B since the project site is 

in the downstream portion of Drainageway B. 

 

Detailed water quality design calculations and supporting data is provided in Appendix D of this 

report. 

 

Construction Best Management Practices [BMPs] will be installed prior to and during construction, 

to restrict the amount of sediment transported offsite by either wind or water. Construction BMPs 

include vehicle tracking control at the construction entrance, silt fencing, concrete washouts and dust 

control. 
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Table 4.1:   Site Imperviousness 

 Pre-Construction 
Post-Construction 

(Full site development) 
Overall Site 

Imperviousness 
12.4% 58.2% 

 

 

Table 4.2:   Storm Release Comparison 

Location 

100-year 

Major Design Storm 

Peak Release 
Rate [cfs] 

Allowable 
Release Rate1 

[cfs] 

Rain Garden A 3.15 - 

Rain Garden B 1.45 - 

Basin A3 
 (Free Release) 

0.05 - 

Basin A4 
 (Free Release) 

0.82 - 

Overall Site2 5.47 5.49 
1 100-year allowable release rate=90% predevelopment discharge per MHFD “Urban Storm Drainage 

Criteria Manual”, Volume 2, Chapter 12-Storage 
2 See Design Point Summary – Onsite Flows in Appendix B 
 
 

Table 4.3:   Onsite Detention Pond Summary 

Onsite Detention Ponds 

 Rain Garden A Rain Garden B 

WQCV Required [cf] 1,347 1,037 

WQCV WSEL [ft] (1-ft depth) 5324.00 5326.20 

EURV Required [cf] 5,532 4,312 

EURV WSEL [ft] 5324.79 5326.41 

100-Yr Stormwater Volume Required [cf] 8,276 6,360 

100-Yr WSEL [ft] 5325.71 5327.35 

Maximum 100-Yr Release Rate [cfs] 3.15 1.45 

Max. Required Volume Req’d (100-Yr) 8,276 6,360 
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Volume Provided @ Emergency Spillway Elevation 7,668 9,431 

Top of Pond = Volume (cf) 10,655 10,524 

 

 
Table 4.4:   Storm Runoff Comparison – Onsite and Offsite Flows 

Design 

Point 

5-year  

Minor Design Storm Runoff 

[cfs] 

100-year  

Major Design Storm Runoff 

[cfs] 

Existing 
Conditions 

Proposed 
Conditions 

Δ 
Existing 

Conditions 
Proposed 

Conditions 
Δ 

1 0.28 0.00 -0.28 7.40 6.20 -1.20 

2 0.21 0.12 -0.09 2.16 0.82 -1.34 

3 0.00 0.21 0.21 0.00 0.31 0.31 

 
Design Point 1 represents flow to the existing 30”x19” culvert and swale located between East Street 
and SH 42. 
 
Design Point 2 represents flow in East Street that drains north in East Street, then through the Pine 
Street Plaza detention pond. 
 
Design Point 3 represents flow to the existing Drainageway B 60” RCP storm sewer. 
 
 

V. CONCLUSIONS 
 

A. Compliance with Standards 

This Final PUD Drainage Report has been prepared in accordance with the standards and 

recommendations outlined in the City of Louisville Storm Drainage Design and Technical Criteria as 

well as the Mile High Flood District Urban Storm Drainage Criteria Manual Volumes 1, 2, & 3. 

 

B. Drainage Concept 

The drainage design for the proposed East Street Village project will control site runoff through the 

use of surface and subsurface improvements, including curb & gutter, storm sewer, and two onsite 

water quality and detention ponds.  The detention ponds have been designed utilizing the MHFD-

Detention v4.04 design spreadsheet as outlined in the MHFD Urban Storm Drainage Criteria Manual, 

Volume 2.   
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Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

AcA Ascalon sandy loam, 0 
to 3 percent slopes

B 5.2 100.0%

Totals for Area of Interest 5.2 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive 
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively 
drained sands or gravelly sands. These soils have a high rate of water 
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well 
drained soils that have moderately fine texture to moderately coarse texture. 
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of 
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay 
layer at or near the surface, and soils that are shallow over nearly impervious 
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in 
their natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 
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APPENDIX B 
Hydrology Calculations 

  



Rational Method Calculations

Overall Site
Existing Conditions

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Basin Description:

NRCS Soil Type: AcA, Ascalon sandy loam NRCS Hydrologic Soil Rating: B

Basin Area= 3.70  [acres] = 161,077 [sf]

Surface Characteristics
1

Sub-Area Imp

[sf] [%] C2 C5 C10 C100

Asphalt 0 100 0.84 0.86 0.86 0.89

Concrete Drives & Walks 1976 90 0.74 0.76 0.78 0.84

Roofs 11863 90 0.74 0.76 0.78 0.84

Gravel (packed) 11513 40 0.29 0.32 0.38 0.61

Lawns, sandy soil 135725 2 0.01 0.01 0.07 0.44
1 

MHFD "Urban Storm Drainage Criteria Manual, Vol 1", Table 6-3, Table 6-5

Weighted Percent Imperviousness : I [%] = 12.28 AI = 19,774.79 [sf]

Weighted Runoff Coefficients:

C2 = 0.09 C5 = 0.10 C10 = 0.15 C100 = 0.49

Overall Site

Runoff Coefficients
1

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



Rational Method Calculations

Overall Site
Proposed Conditions

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Basin Description:

NRCS Soil Type: AcA, Ascalon sandy loam NRCS Hydrologic Soil Rating: B

Basin Area= 3.70  [acres] = 161,077 [sf]

Surface Characteristics
1

Sub-Area Imp

[sf] [%] C2 C5 C10 C100

Asphalt 0 100 0.84 0.86 0.86 0.89

Concrete Drives & Walks 48005 90 0.74 0.76 0.78 0.84

Roofs 54768 90 0.74 0.76 0.78 0.84

Gravel (packed) 0 40 0.29 0.32 0.38 0.61

Lawns, sandy soil 58304 2 0.01 0.01 0.07 0.44
1 

MHFD "Urban Storm Drainage Criteria Manual, Vol 1", Table 6-3, Table 6-5

Weighted Percent Imperviousness : I [%] = 58.15 AI = 93,661.77 [sf]

Weighted Runoff Coefficients:

C2 = 0.48 C5 = 0.49 C10 = 0.52 C100 = 0.70

Overall Site

Runoff Coefficients
1

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



Rational Method Calculations

Basin OS1
Existing Conditions

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Basin Description:

NRCS Soil Type: AcA, Ascalon sandy loam NRCS Hydrologic Soil Rating: B

Basin Area= 0.44  [acres] = 19,046 [sf]

Surface Characteristics
1

Sub-Area Imp

[sf] [%] C2 C5 C10 C100

Historic flow analysis 19046 2 0.01 0.01 0.07 0.44

1 
MHFD "Urban Storm Drainage Criteria Manual, Vol 1", Table 6-3, Table 6-5

Weighted Percent Imperviousness : I [%] = 2.00 AI = 380.92 [sf]

Weighted Runoff Coefficients:

C2 = 0.01 C5 = 0.01 C10 = 0.07 C100 = 0.44

Time of Concentration:

Sheet Flow: Concentrated Flow:

Li [ft] = 50 Lt1 [FT] = 0 Lt2 [FT] = 0

Si [%] = 2.00 St1 [%] = 2.00 St2 [%] = 2.00

ti [min] = 11.01 CV1
3
= 20.00 CV2

3
= 20.00

Vt1 [fps]
4
= 2.83 Vt2 [fps]

4
= 2.83

tt1 [min] = 0.00 tt2 [min] = 0.00
3 

UDFCD, Table 6-2
4 

UDFCD, Eqn 6-4 tt [min] = 0.00

Time of Concentration:

tc=ti+tt [min] = 11.01

tc(minimum)= 5 min tc [min] = 11.0

Check for Urbanized Basins:

tc
5
 [min] = 25.66

5 
MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-5

Rainfall Intensity
6

I2 [in/hr]= 2.09 I5 [in/hr]= 2.84 I10 [in/hr]= 3.54 I100 [in/hr]= 6.64
6 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 5-1, NOAA Atlas 14

Runoff - Rational Method Equation
7

Q2 [cfs]= 0.01 Q5 [cfs]= 0.01 Q10 [cfs]= 0.11 Q100 [cfs]= 1.28
7 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-1

A portion of the Burlington Northern Railroad R.O.W. adjacent to the project site.

Runoff Coefficients
1

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



Rational Method Calculations

Basin OS2
Existing Conditions

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Basin Description:

NRCS Soil Type: AcA, Ascalon sandy loam NRCS Hydrologic Soil Rating: B

Basin Area= 0.25  [acres] = 11,028 [sf]

Surface Characteristics
1

Sub-Area Imp

[sf] [%] C2 C5 C10 C100

Historic flow analysis 11028 2 0.01 0.01 0.07 0.44

1 
MHFD "Urban Storm Drainage Criteria Manual, Vol 1", Table 6-3, Table 6-5

Weighted Percent Imperviousness : I [%] = 2.00 AI = 220.57 [sf]

Weighted Runoff Coefficients:

C2 = 0.01 C5 = 0.01 C10 = 0.07 C100 = 0.44

Time of Concentration:

Sheet Flow: Concentrated Flow:

Li [ft] = 60 Lt1 [FT] = 410 Lt2 [FT] = 0

Si [%] = 10.00 St1 [%] = 0.70 St2 [%] = 2.00

ti [min] = 7.05 CV1
3
= 15.00 CV2

3
= 20.00

Vt1 [fps]
4
= 1.25 Vt2 [fps]

4
= 2.83

tt1 [min] = 5.44 tt2 [min] = 0.00
3 

UDFCD, Table 6-2
4 

UDFCD, Eqn 6-4 tt [min] = 5.44

Time of Concentration:

tc=ti+tt [min] = 12.50

tc(minimum)= 5 min tc [min] = 12.5

Check for Urbanized Basins:

tc
5
 [min] = 34.46

5 
MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-5

Rainfall Intensity
6

I2 [in/hr]= 1.98 I5 [in/hr]= 2.69 I10 [in/hr]= 3.35 I100 [in/hr]= 6.29
6 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 5-1, NOAA Atlas 14

Runoff - Rational Method Equation
7

Q2 [cfs]= 0.01 Q5 [cfs]= 0.01 Q10 [cfs]= 0.06 Q100 [cfs]= 0.70
7 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-1

A portion of the adjacent parcel of land north of the project site.

Runoff Coefficients
1

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



Rational Method Calculations

Basin OS1
Proposed Conditions

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Basin Description:

NRCS Soil Type: AcA, Ascalon sandy loam NRCS Hydrologic Soil Rating: B

Basin Area= 0.26  [acres] = 11,174 [sf]

Surface Characteristics
1

Sub-Area Imp

[sf] [%] C2 C5 C10 C100

Historic flow analysis 11174 2 0.01 0.01 0.07 0.44

1 
MHFD "Urban Storm Drainage Criteria Manual, Vol 1", Table 6-3, Table 6-5

Weighted Percent Imperviousness : I [%] = 2.00 AI = 223.48 [sf]

Weighted Runoff Coefficients:

C2 = 0.01 C5 = 0.01 C10 = 0.07 C100 = 0.44

Time of Concentration:

Sheet Flow: Concentrated Flow:

Li [ft] = 50 Lt1 [FT] = 0 Lt2 [FT] = 0

Si [%] = 2.00 St1 [%] = 2.00 St2 [%] = 2.00

ti [min] = 11.01 CV1
3
= 20.00 CV2

3
= 20.00

Vt1 [fps]
4
= 2.83 Vt2 [fps]

4
= 2.83

tt1 [min] = 0.00 tt2 [min] = 0.00
3 

UDFCD, Table 6-2
4 

UDFCD, Eqn 6-4 tt [min] = 0.00

Time of Concentration:

tc=ti+tt [min] = 11.01

tc(minimum)= 5 min tc [min] = 11.0

Check for Urbanized Basins:

tc
5
 [min] = 25.66

5 
MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-5

Rainfall Intensity
6

I2 [in/hr]= 2.09 I5 [in/hr]= 2.84 I10 [in/hr]= 3.54 I100 [in/hr]= 6.64
6 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 5-1, NOAA Atlas 14

Runoff - Rational Method Equation
7

Q2 [cfs]= 0.01 Q5 [cfs]= 0.01 Q10 [cfs]= 0.06 Q100 [cfs]= 0.75
7 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-1

A portion of the Burlington Northern Railroad R.O.W. adjacent to the project site.

Runoff Coefficients
1

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



Rational Method Calculations

Basin OS2
Proposed Conditions

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Basin Description:

NRCS Soil Type: AcA, Ascalon sandy loam NRCS Hydrologic Soil Rating: B

Basin Area= 0.18  [acres] = 8,055 [sf]

Surface Characteristics
1

Sub-Area Imp

[sf] [%] C2 C5 C10 C100

Historic flow analysis 8055 2 0.01 0.01 0.07 0.44

1 
MHFD "Urban Storm Drainage Criteria Manual, Vol 1", Table 6-3, Table 6-5

Weighted Percent Imperviousness : I [%] = 2.00 AI = 161.10 [sf]

Weighted Runoff Coefficients:

C2 = 0.01 C5 = 0.01 C10 = 0.07 C100 = 0.44

Time of Concentration:

Sheet Flow: Concentrated Flow:

Li [ft] = 50 Lt1 [FT] = 0 Lt2 [FT] = 0

Si [%] = 2.00 St1 [%] = 2.00 St2 [%] = 2.00

ti [min] = 11.01 CV1
3
= 20.00 CV2

3
= 20.00

Vt1 [fps]
4
= 2.83 Vt2 [fps]

4
= 2.83

tt1 [min] = 0.00 tt2 [min] = 0.00
3 

UDFCD, Table 6-2
4 

UDFCD, Eqn 6-4 tt [min] = 0.00

Time of Concentration:

tc=ti+tt [min] = 11.01

tc(minimum)= 5 min tc [min] = 11.0

Check for Urbanized Basins:

tc
5
 [min] = 25.66

5 
MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-5

Rainfall Intensity
6

I2 [in/hr]= 2.09 I5 [in/hr]= 2.84 I10 [in/hr]= 3.54 I100 [in/hr]= 6.64
6 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 5-1, NOAA Atlas 14

Runoff - Rational Method Equation
7

Q2 [cfs]= 0.00 Q5 [cfs]= 0.01 Q10 [cfs]= 0.05 Q100 [cfs]= 0.54
7 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-1

A portion of the Burlington Northern Railroad R.O.W. adjacent to the project site.

Runoff Coefficients
1

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



Rational Method Calculations

Basin OS3
Proposed Conditions

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Basin Description:

NRCS Soil Type: AcA, Ascalon sandy loam NRCS Hydrologic Soil Rating: B

Basin Area= 0.25  [acres] = 10,834 [sf]

Surface Characteristics
1

Sub-Area Imp

[sf] [%] C2 C5 C10 C100

Asphalt 0 100 0.84 0.86 0.86 0.89

Concrete Drives & Walks 0 90 0.74 0.76 0.78 0.84

Roofs 0 90 0.74 0.76 0.78 0.84

Gravel (packed) 0 40 0.29 0.32 0.38 0.61

Lawns, sandy soil 10834 2 0.01 0.01 0.07 0.44
1 

MHFD "Urban Storm Drainage Criteria Manual, Vol 1", Table 6-3, Table 6-5

Weighted Percent Imperviousness : I [%] = 2.00 AI = 216.68 [sf]

Weighted Runoff Coefficients:

C2 = 0.01 C5 = 0.01 C10 = 0.07 C100 = 0.44

Time of Concentration:

Sheet Flow: Concentrated Flow:

Li [ft] = 100 Lt1 [FT] = 380 Lt2 [FT] = 0

Si [%] = 2.00 St1 [%] = 2.00 St2 [%] = 2.00

ti [min] = 15.57 CV1
3
= 15.00 CV2

3
= 20.00

Vt1 [fps]
4
= 2.12 Vt2 [fps]

4
= 2.83

tt1 [min] = 2.99 tt2 [min] = 0.00
3 

UDFCD, Table 6-2
4 

UDFCD, Eqn 6-4 tt [min] = 2.99

Time of Concentration:

tc=ti+tt [min] = 18.56

tc(minimum)= 5 min tc [min] = 18.6

Check for Urbanized Basins:

tc
5
 [min] = 30.49

5 
MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-5

Rainfall Intensity
6

I2 [in/hr]= 1.64 I5 [in/hr]= 2.23 I10 [in/hr]= 2.78 I100 [in/hr]= 5.21
6 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 5-1, NOAA Atlas 14

Runoff - Rational Method Equation
7

Q2 [cfs]= 0.00 Q5 [cfs]= 0.01 Q10 [cfs]= 0.05 Q100 [cfs]= 0.57
7 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-1

A portion of the Burlington Northern Railroad R.O.W. adjacent to the project site.

Runoff Coefficients
1

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



Rational Method Calculations

Basin A1x
Existing Conditions

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Basin Description:

NRCS Soil Type: AcA, Ascalon sandy loam NRCS Hydrologic Soil Rating: B

Basin Area= 2.83  [acres] = 123,191 [sf]

Surface Characteristics
1

Sub-Area Imp

[sf] [%] C2 C5 C10 C100

Asphalt 0 100 0.84 0.86 0.86 0.89

Concrete Drives & Walks 1226 90 0.74 0.76 0.78 0.84

Roofs 6999 90 0.74 0.76 0.78 0.84

Gravel (packed) 5295 40 0.29 0.32 0.38 0.61

Lawns, sandy soil 109671 2 0.01 0.01 0.07 0.44
1 

MHFD "Urban Storm Drainage Criteria Manual, Vol 1", Table 6-3, Table 6-5

Weighted Percent Imperviousness : I [%] = 9.51 AI = 11,713.92 [sf]

Weighted Runoff Coefficients:

C2 = 0.07 C5 = 0.07 C10 = 0.13 C100 = 0.47

Time of Concentration:

Sheet Flow: Concentrated Flow:

Li [ft] = 416 Lt1 [FT] = 0 Lt2 [FT] = 0

Si [%] = 2.10 St1 [%] = 2.00 St2 [%] = 2.00

ti [min] = 29.43 CV1
3
= 20.00 CV2

3
= 20.00

Vt1 [fps]
4
= 2.83 Vt2 [fps]

4
= 2.83

tt1 [min] = 0.00 tt2 [min] = 0.00
3 

UDFCD, Table 6-2
4 

UDFCD, Eqn 6-4 tt [min] = 0.00

Time of Concentration:

tc=ti+tt [min] = 29.43

tc(minimum)= 5 min tc [min] = 29.4

Check for Urbanized Basins:

tc
5
 [min] = 24.38

5 
MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-5

Rainfall Intensity
6

I2 [in/hr]= 1.28 I5 [in/hr]= 1.73 I10 [in/hr]= 2.16 I100 [in/hr]= 4.05
6 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 5-1, NOAA Atlas 14

Runoff - Rational Method Equation
7

Q2 [cfs]= 0.26 Q5 [cfs]= 0.36 Q10 [cfs]= 0.80 Q100 [cfs]= 5.42
7 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-1

Runoff Coefficients
1

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



Rational Method Calculations

Basin A2x
Existing Conditions

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Basin Description:

NRCS Soil Type: AcA, Ascalon sandy loam NRCS Hydrologic Soil Rating: B

Basin Area= 0.87  [acres] = 37,885 [sf]

Surface Characteristics
1

Sub-Area Imp

[sf] [%] C2 C5 C10 C100

Asphalt 0 100 0.84 0.86 0.86 0.89

Concrete Drives & Walks 750 90 0.74 0.76 0.78 0.84

Roofs 4864 90 0.74 0.76 0.78 0.84

Gravel (packed) 6218 40 0.29 0.32 0.38 0.61

Lawns, sandy soil 26053 2 0.01 0.01 0.07 0.44
1 

MHFD "Urban Storm Drainage Criteria Manual, Vol 1", Table 6-3, Table 6-5

Weighted Percent Imperviousness : I [%] = 21.28 AI = 8,060.87 [sf]

Weighted Runoff Coefficients:

C2 = 0.16 C5 = 0.17 C10 = 0.23 C100 = 0.53

Time of Concentration:

Sheet Flow: Concentrated Flow:

Li [ft] = 288 Lt1 [FT] = 0 Lt2 [FT] = 0

Si [%] = 2.00 St1 [%] = 2.00 St2 [%] = 2.00

ti [min] = 22.50 CV1
3
= 20.00 CV2

3
= 20.00

Vt1 [fps]
4
= 2.83 Vt2 [fps]

4
= 2.83

tt1 [min] = 0.00 tt2 [min] = 0.00
3 

UDFCD, Table 6-2
4 

UDFCD, Eqn 6-4 tt [min] = 0.00

Time of Concentration:

tc=ti+tt [min] = 22.50

tc(minimum)= 5 min tc [min] = 22.5

Check for Urbanized Basins:

tc
5
 [min] = 22.38

5 
MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-5

Rainfall Intensity
6

I2 [in/hr]= 1.49 I5 [in/hr]= 2.01 I10 [in/hr]= 2.51 I100 [in/hr]= 4.71
6 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 5-1, NOAA Atlas 14

Runoff - Rational Method Equation
7

Q2 [cfs]= 0.21 Q5 [cfs]= 0.30 Q10 [cfs]= 0.49 Q100 [cfs]= 2.16
7 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-1

Runoff Coefficients
1

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



Rational Method Calculations

Basin A1
Proposed Conditions

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Basin Description:

NRCS Soil Type: AcA, Ascalon sandy loam NRCS Hydrologic Soil Rating: B

Basin Area= 1.99  [acres] = 86,659 [sf]

Surface Characteristics
1

Sub-Area Imp

[sf] [%] C2 C5 C10 C100

Asphalt 0 100 0.84 0.86 0.86 0.89

Concrete Drives & Walks 24645 90 0.74 0.76 0.78 0.84

Roofs 31564 90 0.74 0.76 0.78 0.84

Gravel (packed) 0 40 0.29 0.32 0.38 0.61

Lawns, sandy soil 30450 2 0.01 0.01 0.07 0.44
1 

MHFD "Urban Storm Drainage Criteria Manual, Vol 1", Table 6-3, Table 6-5

Weighted Percent Imperviousness : I [%] = 59.08 AI = 51,197.09 [sf]

Weighted Runoff Coefficients:

C2 = 0.48 C5 = 0.50 C10 = 0.53 C100 = 0.70

Time of Concentration:

Sheet Flow: Concentrated Flow:

Li [ft] = 39 Lt1 [FT] = 457 Lt2 [FT] = 0

Si [%] = 2.00 St1 [%] = 1.10 St2 [%] = 2.00

ti [min] = 5.38 CV1
3
= 20.00 CV2

3
= 15.00

Vt1 [fps]
4
= 2.10 Vt2 [fps]

4
= 2.12

tt1 [min] = 3.63 tt2 [min] = 0.00
3 

UDFCD, Table 6-2
4 

UDFCD, Eqn 6-4 tt [min] = 3.63

Time of Concentration:

tc=ti+tt [min] = 9.02

tc(minimum)= 5 min tc [min] = 9.0

Check for Urbanized Basins:

tc
5
 [min] = 20.16

5 
MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-5

Rainfall Intensity
6

I2 [in/hr]= 2.26 I5 [in/hr]= 3.07 I10 [in/hr]= 3.83 I100 [in/hr]= 7.18
6 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 5-1, NOAA Atlas 14

Runoff - Rational Method Equation
7

Q2 [cfs]= 2.18 Q5 [cfs]= 3.03 Q10 [cfs]= 4.04 Q100 [cfs]= 9.99
7 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-1

Runoff Coefficients
1

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



Rational Method Calculations

Basin A2
Proposed Conditions

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Basin Description:

NRCS Soil Type: AcA, Ascalon sandy loam NRCS Hydrologic Soil Rating: B

Basin Area= 1.50  [acres] = 65,429 [sf]

Surface Characteristics
1

Sub-Area Imp

[sf] [%] C2 C5 C10 C100

Asphalt 0 100 0.84 0.86 0.86 0.89

Concrete Drives & Walks 20368 90 0.74 0.76 0.78 0.84

Roofs 23107 90 0.74 0.76 0.78 0.84

Gravel (packed) 0 40 0.29 0.32 0.38 0.61

Lawns, sandy soil 21954 2 0.01 0.01 0.07 0.44
1 

MHFD "Urban Storm Drainage Criteria Manual, Vol 1", Table 6-3, Table 6-5

Weighted Percent Imperviousness : I [%] = 60.47 AI = 39,566.58 [sf]

Weighted Runoff Coefficients:

C2 = 0.50 C5 = 0.51 C10 = 0.54 C100 = 0.71

Time of Concentration:

Sheet Flow: Concentrated Flow:

Li [ft] = 39 Lt1 [FT] = 397 Lt2 [FT] = 0

Si [%] = 2.00 St1 [%] = 0.90 St2 [%] = 2.00

ti [min] = 5.28 CV1
3
= 20.00 CV2

3
= 15.00

Vt1 [fps]
4
= 1.90 Vt2 [fps]

4
= 2.12

tt1 [min] = 3.49 tt2 [min] = 0.00
3 

UDFCD, Table 6-2
4 

UDFCD, Eqn 6-4 tt [min] = 3.49

Time of Concentration:

tc=ti+tt [min] = 8.77

tc(minimum)= 5 min tc [min] = 8.8

Check for Urbanized Basins:

tc
5
 [min] = 19.71

5 
MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-5

Rainfall Intensity
6

I2 [in/hr]= 2.29 I5 [in/hr]= 3.10 I10 [in/hr]= 3.87 I100 [in/hr]= 7.25
6 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 5-1, NOAA Atlas 14

Runoff - Rational Method Equation
7

Q2 [cfs]= 1.70 Q5 [cfs]= 2.37 Q10 [cfs]= 3.15 Q100 [cfs]= 7.69
7 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-1

Runoff Coefficients
1

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



Rational Method Calculations

Basin A3
Proposed Conditions

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Basin Description:

NRCS Soil Type: AcA, Ascalon sandy loam NRCS Hydrologic Soil Rating: B

Basin Area= 0.01  [acres] = 585 [sf]

Surface Characteristics
1

Sub-Area Imp

[sf] [%] C2 C5 C10 C100

Asphalt 0 100 0.84 0.86 0.86 0.89

Concrete Drives & Walks 0 90 0.74 0.76 0.78 0.84

Roofs 0 90 0.74 0.76 0.78 0.84

Gravel (packed) 0 40 0.29 0.32 0.38 0.61

Lawns, sandy soil 585 2 0.01 0.01 0.07 0.44
1 

MHFD "Urban Storm Drainage Criteria Manual, Vol 1", Table 6-3, Table 6-5

Weighted Percent Imperviousness : I [%] = 2.00 AI = 11.70 [sf]

Weighted Runoff Coefficients:

C2 = 0.01 C5 = 0.01 C10 = 0.07 C100 = 0.44

Time of Concentration:

Sheet Flow: Concentrated Flow:

Li [ft] = 10 Lt1 [FT] = 0 Lt2 [FT] = 0

Si [%] = 2.00 St1 [%] = 2.00 St2 [%] = 2.00

ti [min] = 4.92 CV1
3
= 20.00 CV2

3
= 15.00

Vt1 [fps]
4
= 2.83 Vt2 [fps]

4
= 2.12

tt1 [min] = 0.00 tt2 [min] = 0.00
3 

UDFCD, Table 6-2
4 

UDFCD, Eqn 6-4 tt [min] = 0.00

Time of Concentration:

tc=ti+tt [min] = 4.92

tc(minimum)= 5 min tc [min] = 5.0

Check for Urbanized Basins:

tc
5
 [min] = 25.66

5 
MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-5

Rainfall Intensity
6

I2 [in/hr]= 2.73 I5 [in/hr]= 3.70 I10 [in/hr]= 4.61 I100 [in/hr]= 8.65
6 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 5-1, NOAA Atlas 14

Runoff - Rational Method Equation
7

Q2 [cfs]= 0.00 Q5 [cfs]= 0.00 Q10 [cfs]= 0.00 Q100 [cfs]= 0.05
7 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-1

Runoff Coefficients
1

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



Rational Method Calculations

Basin A4
Proposed Conditions

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Basin Description:

NRCS Soil Type: AcA, Ascalon sandy loam NRCS Hydrologic Soil Rating: B

Basin Area= 0.19  [acres] = 8,404 [sf]

Surface Characteristics
1

Sub-Area Imp

[sf] [%] C2 C5 C10 C100

Asphalt 0 100 0.84 0.86 0.86 0.89

Concrete Drives & Walks 2991 90 0.74 0.76 0.78 0.84

Roofs 97 90 0.74 0.76 0.78 0.84

Gravel (packed) 0 40 0.29 0.32 0.38 0.61

Lawns, sandy soil 5316 2 0.01 0.01 0.07 0.44
1 

MHFD "Urban Storm Drainage Criteria Manual, Vol 1", Table 6-3, Table 6-5

Weighted Percent Imperviousness : I [%] = 34.33 AI = 2,885.52 [sf]

Weighted Runoff Coefficients:

C2 = 0.28 C5 = 0.29 C10 = 0.33 C100 = 0.59

Time of Concentration:

Sheet Flow: Concentrated Flow:

Li [ft] = 73 Lt1 [FT] = 0 Lt2 [FT] = 0

Si [%] = 2.80 St1 [%] = 2.00 St2 [%] = 2.00

ti [min] = 8.89 CV1
3
= 20.00 CV2

3
= 15.00

Vt1 [fps]
4
= 2.83 Vt2 [fps]

4
= 2.12

tt1 [min] = 0.00 tt2 [min] = 0.00
3 

UDFCD, Table 6-2
4 

UDFCD, Eqn 6-4 tt [min] = 0.00

Time of Concentration:

tc=ti+tt [min] = 8.89

tc(minimum)= 5 min tc [min] = 8.9

Check for Urbanized Basins:

tc
5
 [min] = 20.16

5 
MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-5

Rainfall Intensity
6

I2 [in/hr]= 2.28 I5 [in/hr]= 3.08 I10 [in/hr]= 3.85 I100 [in/hr]= 7.22
6 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 5-1, NOAA Atlas 14

Runoff - Rational Method Equation
7

Q2 [cfs]= 0.12 Q5 [cfs]= 0.17 Q10 [cfs]= 0.25 Q100 [cfs]= 0.82
7 

MHFD "Drainage Criteria Manual, Vol 1", Eqn 6-1

Runoff Coefficients
1

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



Project:

Basin ID:

Depth Increment = 1.00 ft

Watershed Information Flood Control Only Media Surface -- 0.00 -- -- -- 0 0.000

Selected BMP Type = No BMP -- 0.15 -- -- -- 73 0.002 5 0.000

Watershed Area = 3.70 acres -- 0.55 -- -- -- 716 0.016 163 0.004

Watershed Length = 416 ft -- 2.15 -- -- -- 716 0.016 1,309 0.030

Watershed Length to Centroid = 208 ft -- 2.16 -- -- -- 2,186 0.050 1,323 0.030

Watershed Slope = 0.021 ft/ft -- 3.15 -- -- -- 1,962 0.045 3,376 0.078

Watershed Imperviousness = 12.4% percent -- 3.25 -- -- -- 2,420 0.056 3,595 0.083

Percentage Hydrologic Soil Group A = 0.0% percent -- 3.26 -- -- -- 2,377 0.055 3,619 0.083

Percentage Hydrologic Soil Group B = 100.0% percent -- 3.65 -- -- -- 2,999 0.069 4,667 0.107

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- 5.65 -- -- -- 2,999 0.069 10,665 0.245

Target WQCV Drain Time = N/A hours -- -- -- --

Location for 1-hr Rainfall Depths = Louisville - City Hall -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.025 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.044 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 0.8 in.) = 0.016 acre-feet inches -- -- -- --

5-yr Runoff Volume (P1 = 1.09 in.) = 0.031 acre-feet inches -- -- -- --

10-yr Runoff Volume (P1 = 1.35 in.) = 0.076 acre-feet inches -- -- -- --

25-yr Runoff Volume (P1 = 1.78 in.) = 0.215 acre-feet inches -- -- -- --

50-yr Runoff Volume (P1 = 2.14 in.) = 0.315 acre-feet inches -- -- -- --

100-yr Runoff Volume (P1 = 2.54 in.) = 0.453 acre-feet inches -- -- -- --

500-yr Runoff Volume (P1 = 3.63 in.) = 0.782 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 0.019 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.032 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.065 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.100 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 0.113 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.153 acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (EURV-WQCV) = 0.019 acre-feet -- -- -- --

Zone 2 Volume (100-year - Zone 1) = 0.133 acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 0.153 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = N/A ft 3 -- -- -- --

Initial Surcharge Depth (ISD) = N/A 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 -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --
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-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional 

Override 

Area (ft 2)

Length 

(ft)

Optional 

Override 

Stage (ft)

Stage

(ft)

Stage - Storage

Description

Area 

(ft 2)

Width 

(ft)

East Street Village

Overall Site - Predevelopment Runoff Calculation

MHFD-Detention, Version 4.04 (February 2021)

Volume 

(ft 3)

Volume 

(ac-ft)

Area 

(acre)

After providing required inputs above including 1-hour rainfall

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

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)

MHFD-Detention_v4 04 - Overall Site Predevelopment Runoff, Basin 6/17/2023, 10:49 AM
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  Project:

  Basin ID:

Estimated Estimated

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

Zone 1 (EURV - WQCV) 1.49 0.019 Circular Orifice

Zone 2 (100-year) 4.31 0.133 Weir&Pipe (Circular)

Zone 3

Total (all zones) 0.153

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 = N/A 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 = N/A 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 (optional) 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) N/A N/A N/A N/A N/A N/A N/A N/A

Orifice Area (sq. inches) N/A N/A N/A N/A N/A N/A N/A N/A

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) N/A N/A N/A N/A N/A N/A N/A N/A

Orifice Area (sq. inches) N/A N/A N/A N/A N/A N/A N/A N/A

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

Zone 1 Circular Not Selected Zone 1 Circular Not Selected

Invert of Vertical Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 0.00 ft
2

Depth at top of Zone using Vertical Orifice = 1.49 ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = 0.02 feet

Vertical Orifice Diameter = 0.50 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 2 Weir Not Selected Zone 2 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 1.49 ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 1.49 feet

Overflow Weir Front Edge Length = 2.00 feet Overflow Weir Slope Length = 2.00 feet

Overflow Weir Grate Slope = 0.00 H:V Grate Open Area / 100-yr Orifice Area = 4.31

Horiz. Length of Weir Sides = 2.00 feet Overflow Grate Open Area w/o Debris = 3.16 ft
2

Overflow Grate Type = Close Mesh Grate Overflow Grate Open Area w/ Debris = 3.16 ft
2

Debris Clogging % = 0% %

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 2 Circular Not Selected Zone 2 Circular Not Selected

Depth to Invert of Outlet Pipe = 0.00 ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.73 ft
2

Circular Orifice Diameter = 11.60 inches Outlet Orifice Centroid = 0.48 feet

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

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

Spillway Invert Stage= 4.50 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.34 feet

Spillway Crest Length = 10.00 feet Stage at Top of Freeboard = 4.94 feet

Spillway End Slopes = 0.00 H:V Basin Area at Top of Freeboard = 0.07 acres

Freeboard above Max Water Surface = 0.10 feet Basin Volume at Top of Freeboard = 0.20 acre-ft

Max Ponding Depth of Target Storage Volume = 2.88 feet Discharge at Top of Freeboard = 15.91 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 0.80 1.09 1.35 1.78 2.14 2.54 3.63

CUHP Runoff Volume (acre-ft) = 0.025 0.044 0.016 0.031 0.076 0.215 0.315 0.453 0.782

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.016 0.031 0.076 0.215 0.315 0.453 0.782

CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.0 0.1 0.8 3.0 4.4 6.1 10.3
OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.01 0.02 0.23 0.81 1.19 1.65 2.79

Peak Inflow Q (cfs) = N/A N/A 0.3 0.5 1.2 3.4 4.8 6.5 10.8

Peak Outflow Q (cfs) = 1.1 4.4 0.01 0.2 1.09 4.0 4.6 5.47 8.1

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 3.4 1.3 1.3 1.0 0.9 0.8

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

Max Velocity through Grate 1 (fps) = 1.30 1.56 N/A 0.1 0.3 1.3 1.4 1.7 2.3

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) = 36 28 35 40 36 26 20 12 2

Time to Drain 99% of Inflow Volume (hours) = 37 30 36 42 41 37 34 31 23

Maximum Ponding Depth (ft) = 1.85 2.44 1.23 1.53 1.61 1.79 2.17 2.88 4.60

Area at Maximum Ponding Depth (acres) = 0.02 0.05 0.02 0.02 0.02 0.02 0.05 0.05 0.07
Maximum Volume Stored (acre-ft) = 0.025 0.044 0.015 0.020 0.021 0.024 0.030 0.065 0.173

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)

East Street Village

Overall Site - Predevelopment Runoff Calculation

Example Zone Configuration (Retention Pond)

MHFD-Detention_v4 04 - Overall Site Predevelopment Runoff, Outlet Structure 6/17/2023, 10:50 AM
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Design Point Summary

Onsite and Offsite Flows

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Design Point Basin Q2 [cfs] Q100 [cfs]

A1x 0.26 5.42

OS1 0.01 1.28

OS2 0.01 0.70

DP 1 0.28 7.40

A2x 0.21 2.16

DP 2 0.21 2.16

Overall Site Total 0.49 9.56

Design Point Basin Q2 [cfs] Q100 [cfs]

Rain Garden A* A1 0.00 2.97

Rain Garden B* A2 0.00 1.32

A3 0.00 0.05

OS1 0.00 0.75

OS2 0.00 0.54

OS3 0.00 0.57

DP 1 0.00 6.20

A4 0.12 0.82

DP 2 0.12 0.82

Rain Garden A* A1 0.13 0.18

Rain Garden B* A2 0.08 0.13

DP 3 0.21 0.31

Overall Site Total 0.33 7.33

* Rain garden/detention pond release rate

Existing Conditions

Proposed Conditions

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



Design Point Summary

Onsite Flows

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 06/16/23

Design Point Basin Q2 [cfs] Q100 [cfs]

A1x 0.26 5.42

DP 1 0.26 5.42

A2x 0.21 2.16

DP 2 0.21 2.16

Overall Site Total 0.47 7.58

Allowable Site 100-Year Release Rate*

Design Point Basin Q2 [cfs] Q100 [cfs] Total Project Area = 3.7 acres

Pre-Development Q100 = 6.1 cfs

Rain Garden A* A1 0.00 2.97 90% Pre-Development Q100 = 5.49 cfs

Rain Garden B* A2 0.00 1.32

A3 0.00 0.05 * Per MHFD "Urban Storm Drainage Criteria Manual ",

DP 1 0.00 4.34    Volume 2, Chapter 12 - Storage

A4 0.12 0.82

DP 2 0.12 0.82

Rain Garden A* A1 0.13 0.18

Rain Garden B* A2 0.08 0.13

DP 3 0.21 0.31

Overall Site Total 0.33 5.47   < 90% Pre-Development Q100

* Rain garden/detention pond release rate

Existing Conditions

Proposed Conditions

The Sanitas Group, LLC

Preliminary Drainage Report

B1396 -  East Street Village



 
Final PUD Drainage Report  December 2023 
East Street Village  

 

The Sanitas Group, LLC  901 Front Street, Suite 350  I  Louisville, CO 80027 
 

303.481.2710 

 
 

APPENDIX C 
Hydraulic Calculations 

  



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 4.2 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft

Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.020

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 26.0 ft

Gutter Width W = 2.00 ft

Street Transverse Slope SX = 0.020 ft/ft

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft

Street Longitudinal Slope - Enter 0 for sump condition SO = 0.000 ft/ft

Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.015

Minor Storm Major Storm

Max. Allowable Spread for Minor & Major Storm TMAX = 13.0 26.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 7.0 inches

Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is not applicable to Sump Condition Minor Storm Major Storm

MAJOR STORM Allowable Capacity is not applicable to Sump Condition Qallow = SUMP SUMP cfs

MHFD-Inlet, Version 5.02 (August 2022)

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)
(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

East Street Village

Double No 16 Inlet

MHFD-Inlet_v5.02 - Double No16, Double No 16 Inlet 2/6/2023, 1:37 PM



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a' from above) alocal = 2.00 2.00 inches

Number of Unit Inlets (Grate or Curb Opening) No = 2 2  

Water Depth at Flowline (outside of local depression) Ponding Depth = 4.6 7.0 inches

Grate Information MINOR MAJOR

Length of a Unit Grate Lo (G) = 3.00 3.00 feet

Width of a Unit Grate Wo = 1.73 1.73 feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = 0.31 0.31

Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Cf (G) = 0.50 0.50

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = 3.60 3.60

Grate Orifice Coefficient (typical value 0.60 - 0.80) Co (G) = 0.60 0.60

Curb Opening Information MINOR MAJOR

Length of a Unit Curb Opening Lo (C) = 3.00 3.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.50 6.50 inches

Height of Curb Orifice Throat in Inches Hthroat = 5.25 5.25 inches

Angle of Throat (see USDCM Figure ST-5) Theta = 0.00 0.00 degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 2.00 feet

Clogging Factor for a Single Curb Opening (typical value 0.10) Cf (C) = 0.10 0.10

Curb Opening Weir Coefficient (typical value 2.3-3.7) Cw (C) = 3.70 3.70

Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.66 0.66

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = 0.41 0.61 ft

Depth for Curb Opening Weir Equation dCurb = 0.22 0.42 ft

Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = 0.54 0.82

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = N/A N/A

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = 0.54 0.82

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 3.62 11.88 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 2.18 9.99 cfs

INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 5.02 (August 2022)

Denver No. 16 Combination

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

Denver No. 16 Combination

Override Depths

MHFD-Inlet_v5.02 - Double No16, Double No 16 Inlet 2/6/2023, 1:37 PM



Inlet Capacity Calculations

Double Type 13 Inlet

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 02/03/23

Type of Inlet: Inlet No. 8 - Double Type 13

Number of Inlets: 2

CW = 3.00

CO = 0.67

L = 3.30 ft

W = 1.92 ft

LW = 10.44 ft

d = 0.52 ft

AO = 4.44 ft
2

g = 32.2 ft/s
2

Cf-G = 0.5 (clogging factor for a single unit grate)

Weir Equation Valid For: d < 1.79(AO/LW)

Orifice Equation Valid For: d > 1.79(AO/LW)

1.79(AO/LW) = 0.76 Weir Equation Valid

Weir Equation: Qi = CWLWd
1.5

Equation ST-27, UDFCD USDCM Vol. 1, Ch. 6

Qi = 11.74 cfs Inlet No. 8: Q100=7.69 cfs

Orifice Equation: Qi = COAO (2gd)
0.5

Equation ST-28, UDFCD USDCM Vol. 1, Ch. 6

Qi = 17.20 cfs

The Sanitas Group, LLC
Inlet Calculations

B1396 - East Street Village
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Culvert Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Tuesday, Feb 7 2023

Existing East Street Culvert 30x19 HERCP

Invert Elev Dn (ft) =  5323.17
Pipe Length (ft) =  46.20
Slope (%) =  0.56
Invert Elev Up (ft) =  5323.43
Rise (in) =  19.0
Shape =  Elliptical
Span (in) =  30.0
No. Barrels =  1
n-Value =  0.013
Culvert Type =  Horizontal Ellipse Concrete
Culvert Entrance =  Groove end projecting (H)
Coeff. K,M,c,Y,k =  0.0045, 2, 0.0317, 0.69, 0.2

Embankment
Top Elevation (ft) =  5326.00
Top Width (ft) =  30.00
Crest Width (ft) =  10.00

Calculations
Qmin (cfs) =  6.00
Qmax (cfs) =  6.20
Tailwater Elev (ft) =  Normal

Highlighted
Qtotal (cfs) =  6.20
Qpipe (cfs) =  6.20
Qovertop (cfs) =  0.00
Veloc Dn (ft/s) =  4.81
Veloc Up (ft/s) =  4.81
HGL Dn (ft) =  5323.86
HGL Up (ft) =  5324.13
Hw Elev (ft) =  5324.57
Hw/D (ft) =  0.72
Flow Regime =  Inlet Control

TSG10
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Hydraulic Analysis Report

Project Data

Project Title: B1396 - East Street Village

Designer: 

Project Date: Monday, June 27, 2022

Project Units:  U.S. Customary Units

Notes:

Channel Analysis: North Private Street - Section 1 - 100yr Flow 

Notes:  Single-family homes on north side of street are 29 feet min. from street flowline.

Input Parameters 

Channel Type:  Custom Cross Section



Cross Section Data 
Elevation (ft) Elevation (ft) Manning's n

0.00 5327.52 0.0150

26.00 5327.00 0.0150

26.12 5327.50 0.0150

26.50 5327.50 0.0200

35.00 5327.67 0.0150

40.00 5327.76 -----





Longitudinal Slope: 0.0070 ft/ft 

Flow: 10.7400 cfs 

Result Parameters 

Depth: 0.3928 ft 

Area of Flow: 3.8756 ft^2 

Wetted Perimeter: 20.0473 ft 

Hydraulic Radius: 0.1933 ft 

Average Velocity: 2.7712 ft/s 

Top Width: 19.7337 ft 

Froude Number:  1.1020 

Critical Depth: 0.4082 ft 

Critical Velocity: 2.5654 ft/s 

Critical Slope: 0.0057 ft/ft 

Critical Top Width: 20.51 ft 

Calculated Max Shear Stress: 0.1716 lb/ft^2 

Calculated Avg Shear Stress: 0.0844 lb/ft^2 

Composite Manning's n Equation:  Lotter method

Manning's n:  0.0150 



Hydraulic Analysis Report

Project Data

Project Title: B1396 - East Street Village

Designer: 

Project Date: Monday, June 27, 2022

Project Units:  U.S. Customary Units

Notes:

Channel Analysis: North Private Street - Section 2 - 100yr Flow 

Notes:  Single-family homes on north side of street are 29 feet min. from street flowline.

Input Parameters 

Channel Type:  Custom Cross Section



Cross Section Data 
Elevation (ft) Elevation (ft) Manning's n

0.00 5327.52 0.0150

26.00 5327.00 0.0150

34.50 5327.17 0.0150

34.62 5327.67 0.0150

35.00 5327.67 -----





Longitudinal Slope: 0.0070 ft/ft 

Flow: 10.7400 cfs 

Result Parameters 

Depth: 0.3030 ft 

Area of Flow: 4.1504 ft^2 

Wetted Perimeter: 23.7915 ft 

Hydraulic Radius: 0.1744 ft 

Average Velocity: 2.5877 ft/s 

Top Width: 23.6819 ft 

Froude Number:  1.0893 

Critical Depth: 0.3147 ft 

Critical Velocity: 2.4244 ft/s 

Critical Slope: 0.0058 ft/ft 

Critical Top Width: 24.27 ft 

Calculated Max Shear Stress: 0.1324 lb/ft^2 

Calculated Avg Shear Stress: 0.0762 lb/ft^2 

Composite Manning's n Equation:  Lotter method

Manning's n:  0.0150 



Channel Analysis: South Private Street - 100yr Flow 

Notes:  Single-family homes on south side of street are 29 feet min. from street flowline.

Input Parameters 

Channel Type:  Custom Cross Section



Cross Section Data 
Elevation (ft) Elevation (ft) Manning's n

0.00 5329.67 0.0150

0.38 5329.67 0.0150

0.50 5329.17 0.0150

9.00 5329.00 0.0150

35.00 5329.58 -----





Longitudinal Slope: 0.0090 ft/ft 

Flow: 8.2300 cfs 

Result Parameters 

Depth: 0.2641 ft 

Area of Flow: 3.0876 ft^2 

Wetted Perimeter: 20.4425 ft 

Hydraulic Radius: 0.1510 ft 

Average Velocity: 2.6655 ft/s 

Top Width: 20.3643 ft 

Froude Number:  1.2063 

Critical Depth: 0.2866 ft 

Critical Velocity: 2.3144 ft/s 

Critical Slope: 0.0060 ft/ft 

Critical Top Width: 21.38 ft 

Calculated Max Shear Stress: 0.1483 lb/ft^2 

Calculated Avg Shear Stress: 0.0848 lb/ft^2 

Composite Manning's n Equation:  Lotter method

Manning's n:  0.0150 



Weir Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Monday, Feb 6 2023

North Private Street Overfow Weir

Rectangular Weir
Crest =  Broad
Bottom Length (ft) =  26.00
Total Depth (ft) =  0.50

Calculations
Weir Coeff. Cw =  2.60
Compute by: Known Q
Known Q (cfs) =  10.74

Highlighted
Depth (ft) =  0.29
Q (cfs) =  10.74
Area (sqft) =  7.62
Velocity (ft/s) =  1.41
Top Width (ft) =  26.00

0 5 10 15 20 25 30 35 40

Depth (ft) Depth (ft)North Private Street Overfow Weir

-0.50 -0.50

0.00 0.00

0.50 0.50

1.00 1.00

Length (ft)
Weir W.S.



Weir Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Monday, Feb 6 2023

South Private Street Overfow Weir

Rectangular Weir
Crest =  Broad
Bottom Length (ft) =  26.00
Total Depth (ft) =  0.50

Calculations
Weir Coeff. Cw =  2.60
Compute by: Known Q
Known Q (cfs) =  8.23

Highlighted
Depth (ft) =  0.25
Q (cfs) =  8.230
Area (sqft) =  6.38
Velocity (ft/s) =  1.29
Top Width (ft) =  26.00

0 5 10 15 20 25 30 35 40

Depth (ft) Depth (ft)South Private Street Overfow Weir

-0.50 -0.50

0.00 0.00

0.50 0.50

1.00 1.00

Length (ft)
Weir W.S.



Weir Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Monday, Feb 6 2023

Rain Garden A Overfow Weir

Rectangular Weir
Crest =  Broad
Bottom Length (ft) =  10.00
Total Depth (ft) =  1.00

Calculations
Weir Coeff. Cw =  2.60
Compute by: Q vs Depth
No. Increments =  4

Highlighted
Depth (ft) =  1.00
Q (cfs) =  26.00
Area (sqft) =  10.00
Velocity (ft/s) =  2.60
Top Width (ft) =  10.00

0 1 2 3 4 5 6 7 8 9 10 11 12

Depth (ft) Depth (ft)Rain Garden A Overfow Weir

-0.50 -0.50

0.00 0.00

0.50 0.50

1.00 1.00

1.50 1.50

2.00 2.00

Length (ft)
Weir W.S.

TSG10
Rectangle

TSG10
Text Box
Weir capacity is greater than the
2 x 100-year release = 12.40 cfs
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Detention Pond: Stage-Storage

Rain Garden A

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 02/03/23

Stage Elevation

 Contour 

Area

Incremental 

Storage 

Volume

Wall 

Volume 

Reduction

Cumulative 

Storage 

Volume

[ft] [ft] [sf] [cf] [cf] [cf]

0.00 5320.85 0 0 0

0.05 5320.90 24 1 1

0.10 5320.95 49 2 2

0.15 5321.00 73 3 5

0.25 5321.10 234 15 21

0.35 5321.20 395 31 52

0.45 5321.30 555 47 100

0.55 5321.40 716 64 163

0.65 5321.50 716 72 235

0.75 5321.60 716 72 306

0.85 5321.70 716 72 378

0.95 5321.80 716 72 450

1.05 5321.90 716 72 521

1.15 5322.00 716 72 593

1.25 5322.10 716 72 664

1.35 5322.20 716 72 736

1.45 5322.30 716 72 808

1.55 5322.40 716 72 879

1.65 5322.50 716 72 951

1.75 5322.60 716 72 1022

1.85 5322.70 716 72 1094

1.95 5322.80 716 72 1166

2.05 5322.90 716 72 1237

2.15 5323.00 716 72 1309 FG Rain Garden

2.16 5323.01 2186 15 1323

2.25 5323.10 2186 197 11 1509

2.35 5323.20 2186 219 11 1717

2.45 5323.30 2186 219 11 1924

2.55 5323.40 2186 219 11 2132

2.65 5323.50 2186 219 11 2339

2.75 5323.60 2186 219 11 2546

2.85 5323.70 2186 219 11 2754

2.95 5323.80 2186 219 11 2961

3.05 5323.90 2186 219 11 3169

3.15 5324.00 2186 219 11 3376 WSELWQCV WQCV=1,347-cf

3.25 5324.10 2186 219 3595

3.26 5324.11 2377 23 3618

3.35 5324.20 2533 221 3839

3.45 5324.30 2688 261 4100

3.55 5324.40 2844 277 4376

3.65 5324.50 2999 292 4669

3.75 5324.60 2999 300 4968

3.85 5324.70 2999 300 5268

3.95 5324.80 2999 300 5568 WSELEURV EURV=5,532-cf

4.05 5324.90 2999 300 5868

4.15 5325.00 2999 300 6168

4.25 5325.10 2999 300 6468

4.35 5325.20 2999 300 6768

4.45 5325.30 2999 300 7068

4.55 5325.40 2999 300 7368

4.65 5325.50 2999 300 7668 Top of Emergency Overflow Weir

4.75 5325.60 2999 300 7967

4.85 5325.70 2999 300 8267 WSEL100YR VDET100=8,276-cf

4.95 5325.80 2999 300 8567

5.05 5325.90 2999 300 8867

5.15 5326.00 2999 300 9167

5.25 5326.10 2849 292 9459

5.30 5326.15 2999 146 9606

5.35 5326.20 2999 150 9756

5.45 5326.30 2999 300 10055

5.55 5326.40 2999 300 10355

5.65 5326.50 2999 300 10655 Top of Wall



Sheet 1 of 2

Designer:

Company:

Date:

Project:

Location:

1. Basin Storage Volume

A) Effective Imperviousness of Tributary Area, Ia Ia = 59.08 %

     (100% if all paved and roofed areas upstream of rain garden)

B)  Tributary Area's Imperviousness Ratio (i = Ia/100) i = 0.591

C)  Water Quality Capture Volume (WQCV) for a 12-hour Drain Time WQCV = 0.19 watershed inches

       (WQCV= 0.8 * (0.91* i
3 
- 1.19 * i

2 
+ 0.78 * i)

D)  Contributing Watershed Area (including rain garden area) Area = 86,659 sq ft

E)  Water Quality Capture Volume (WQCV) Design Volume VWQCV = 1,347 cu ft

       Vol = (WQCV / 12) * Area

F)  For Watersheds Outside of the Denver Region, Depth of d6 =  in

      Average Runoff Producing Storm

G)  For Watersheds Outside of the Denver Region, VWQCV OTHER = cu ft

      Water Quality Capture Volume (WQCV) Design Volume

H)  User Input of Water Quality Capture Volume (WQCV) Design Volume VWQCV USER = cu ft

     (Only if a different WQCV Design Volume is desired)

2. Basin Geometry

A) WQCV Depth (12-inch maximum) DWQCV = 12 in

B) Rain Garden Side Slopes (Z = 4 min., horiz. dist per unit vertical) Z = 0.00 ft / ft

     (Use "0" if rain garden has vertical walls)

C) Mimimum Flat Surface Area AMin = 1024 sq ft

D) Actual Flat Surface Area AActual = 1359 sq ft

E) Area at Design Depth (Top Surface Area) ATop = 1359 sq ft

F) Rain Garden Total Volume VT= 1,359 cu ft

    (VT= ((ATop + AActual) / 2) * Depth)

3. Growing Media

4. Underdrain System

A) Are underdrains provided? 1

B) Underdrain system orifice diameter for 12 hour drain time 

i) Distance From Lowest Elevation of the Storage y = 2.1 ft

    Volume to the Center of the Orifice

ii) Volume to Drain in 12 Hours Vol12 = 1,347 cu ft

iii) Orifice Diameter, 3/8" Minimum DO = 13/16  in

Design Procedure Form:  Rain Garden (RG)

MLM

The Sanitas Group

June 16, 2023

East Street Village

Basin A1 - Rain Garden A

UD-BMP (Version 3.07, March 2018)

Choose One

Choose One

18" Rain Garden Growing Media

Other (Explain):

YES

NO

UD-BMP_v3.07 - RG A, RG 6/16/2023, 3:05 PM



Sheet 2 of 2

Designer:

Company:

Date:

Project:

Location:

5. Impermeable Geomembrane Liner and Geotextile Separator Fabric

A)  Is an impermeable liner provided due to proximity 

      of structures or groundwater contamination?

6. Inlet / Outlet Control

A)  Inlet Control

7. Vegetation

8. Irrigation

A)  Will the rain garden be irrigated?

Notes:

Design Procedure Form:  Rain Garden (RG)

MLM

The Sanitas Group

June 16, 2023

East Street Village

Basin A1 - Rain Garden A

Choose One

Choose One

Choose One

Sheet Flow- No Energy Dissipation Required

Concentrated Flow- Energy Dissipation Provided

Plantings

Seed (Plan for frequent weed control)

Sand Grown or Other High Infiltration Sod

Choose One

YES

NO

YES

NO

UD-BMP_v3.07 - RG A, RG 6/16/2023, 3:05 PM



Project:

Basin ID:

Depth Increment = 1.00 ft

Watershed Information Flood Control Only Media Surface -- 0.00 -- -- -- 0 0.000

Selected BMP Type = No BMP -- 0.15 -- -- -- 73 0.002 5 0.000

Watershed Area = 1.99 acres -- 0.55 -- -- -- 716 0.016 163 0.004

Watershed Length = 500 ft FG Rain Garden -- 2.15 -- -- -- 716 0.016 1,309 0.030

Watershed Length to Centroid = 250 ft -- 2.16 -- -- -- 2,186 0.050 1,323 0.030

Watershed Slope = 0.011 ft/ft WQCV=1,347-cf -- 3.15 -- -- -- 1,962 0.045 3,376 0.078

Watershed Imperviousness = 59.1% percent -- 3.25 -- -- -- 2,420 0.056 3,595 0.083

Percentage Hydrologic Soil Group A = 0.0% percent -- 3.26 -- -- -- 2,377 0.055 3,619 0.083

Percentage Hydrologic Soil Group B = 100.0% percent -- 3.65 -- -- -- 2,999 0.069 4,667 0.107

Percentage Hydrologic Soil Groups C/D = 0.0% percent
EURV=5,532-cf, 

VDET 100=8,276-cf
-- 5.65 -- -- -- 2,999 0.069 10,665 0.245

Target WQCV Drain Time = N/A hours -- -- -- --

Location for 1-hr Rainfall Depths = Louisville - City Hall -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.039 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.127 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 0.8 in.) = 0.069 acre-feet inches -- -- -- --

5-yr Runoff Volume (P1 = 1.09 in.) = 0.100 acre-feet inches -- -- -- --

10-yr Runoff Volume (P1 = 1.35 in.) = 0.136 acre-feet inches -- -- -- --

25-yr Runoff Volume (P1 = 1.78 in.) = 0.211 acre-feet inches -- -- -- --

50-yr Runoff Volume (P1 = 2.14 in.) = 0.269 acre-feet inches -- -- -- --

100-yr Runoff Volume (P1 = 2.54 in.) = 0.341 acre-feet inches -- -- -- --

500-yr Runoff Volume (P1 = 3.63 in.) = 0.526 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 0.066 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.096 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.132 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.165 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 0.183 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.212 acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (EURV-WQCV) = 0.089 acre-feet -- -- -- --

Zone 2 Volume (100-year - Zone 1) = 0.124 acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 0.212 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = N/A ft 3 -- -- -- --

Initial Surcharge Depth (ISD) = N/A ft -- -- -- --

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

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

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

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

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

-- -- -- --

Initial Surcharge Area (AISV) = user ft 2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft 2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft 3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft 2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft 3 -- -- -- --

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

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional 

Override 

Area (ft 2)

Length 

(ft)

Optional 

Override 

Stage (ft)

Stage

(ft)

Stage - Storage

Description

Area 

(ft 2)

Width 

(ft)

East Street Village

Basin A1 - Rain Garden A

MHFD-Detention, Version 4.04 (February 2021)

Volume 

(ft 3)

Volume 

(ac-ft)

Area 

(acre)

After providing required inputs above including 1-hour rainfall

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

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)

MHFD-Detention_v4 04 - RG A, Basin 6/18/2023, 1:39 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

3.37 Zone 1 (EURV - WQCV) 3.37 Zone 1 (EURV - WQCV)

5.18 Zone 2 (100-year) 5.18 Zone 2 (100-year)

0.00 Zone 3 0.00 Zone 3

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

0.000

0.065

0.130

0.195

0.260

0.000

0.020

0.040

0.060

0.080

0.00 1.50 3.00 4.50 6.00

V
o

lu
m

e
 (

a
c-

ft
)

A
re

a
 (

a
cr

e
s)

Stage (ft.)

Area (acres) Volume (ac-ft)

0

800

1600

2400

3200

0

5

10

15

20

0.00 1.50 3.00 4.50 6.00

A
re

a
 (

sq
.f

t.
)

Le
n

g
th

, 
W

id
th

 (
ft

.)

Stage (ft)

Length (ft) Width (ft) Area (sq.ft.)

MHFD-Detention_v4 04 - RG A, Basin 6/18/2023, 1:39 PM



  Project:

  Basin ID:

Estimated Estimated

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

Zone 1 (EURV - WQCV) 3.37 0.089 Circular Orifice

Zone 2 (100-year) 5.18 0.124 Weir (No Pipe)

Zone 3

Total (all zones) 0.212

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 = N/A 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 = N/A 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 (optional) 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) N/A N/A N/A N/A N/A N/A N/A N/A

Orifice Area (sq. inches) N/A N/A N/A N/A N/A N/A N/A N/A

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) N/A N/A N/A N/A N/A N/A N/A N/A

Orifice Area (sq. inches) N/A N/A N/A N/A N/A N/A N/A N/A

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

Zone 1 Circular Not Selected Zone 1 Circular Not Selected

Invert of Vertical Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 0.02 ft
2

Depth at top of Zone using Vertical Orifice = 3.37 ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = 0.07 feet

Vertical Orifice Diameter = 1.75 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

weir Zone 2 Weir Not Selected Zone 2 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 4.65 ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = N/A feet

Overflow Weir Bottom Length = 10.00 feet Overflow Weir Slope Length = N/A feet

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

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

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

Debris Clogging % = 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

Not Selected Not Selected Not Selected Not Selected

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

Circular Orifice Diameter = N/A inches Outlet Orifice Centroid = N/A feet

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

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

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

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

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

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

Spillway position relative to Overflow Weir =
Max Ponding Depth of Target Storage Volume = 4.86 feet Discharge at Top of Freeboard = 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 0.80 1.09 1.35 1.78 2.14 2.54 3.63

CUHP Runoff Volume (acre-ft) = 0.039 0.127 0.069 0.100 0.136 0.211 0.269 0.341 0.526

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.069 0.100 0.136 0.211 0.269 0.341 0.526

CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.0 0.0 0.3 1.0 1.5 2.1 3.6
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 0.13 0.51 0.75 1.07 1.83

Peak Inflow Q (cfs) = N/A N/A 0.9 1.3 1.9 3.0 3.9 4.9 7.5

Peak Outflow Q (cfs) = 0.1 0.2 0.13 0.1 0.15 0.4 1.6 3.15 6.9

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 5.9 0.6 0.3 1.1 1.5 1.9

Structure Controlling Flow = Vertical Orifice 1 Vertical Orifice 1 Vertical Orifice 1 Vertical Orifice 1 Vertical Orifice 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Overflow Weir 1

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

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) = 5 12 8 11 13 18 18 17 16

Time to Drain 99% of Inflow Volume (hours) = 6 13 9 11 14 19 19 18 18

Maximum Ponding Depth (ft) = 2.34 3.94 2.54 3.14 3.70 4.68 4.78 4.86 5.02

Area at Maximum Ponding Depth (acres) = 0.05 0.07 0.05 0.05 0.07 0.07 0.07 0.07 0.07
Maximum Volume Stored (acre-ft) = 0.039 0.127 0.049 0.077 0.110 0.178 0.185 0.190 0.201

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

East Street Village

Basin A1 - Rain Garden A

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

Example Zone Configuration (Retention Pond)
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2

Count_Underdrain = 0 0.11(diameter = 3/8 inch) 1 2 1

Count_WQPlate = 0 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) 1 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 = 0 0.42(diameter = 3/4 inch) WQCV 235 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 255 Slope 0.011

COUNTA_2 (Standard FSD Setup)= 0 0.58(diameter = 7/8 inch) EURV 395 Shape 2.88

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 315

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 371 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 469

WQ Plate Flow at 100yr depth = 0.00 0.97(diameter = 1-1/8 inches) 50 Year 479

CLOG #1= N/A 1.08(diameter = 1-3/16 inches) 100 Year 487 1 Z1_Boolean

n*Cdw #1 = #VALUE! 1.20(diameter = 1-1/4 inches) 500 Year 503 1 Z2_Boolean

n*Cdo #1 = #VALUE! 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= 100% 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = 0.00 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = 0.00 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 1 1 2

Overflow Weir #2 Angle = 0.000 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 = 0.18 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 0 0 0 Freeboard

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

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

CountA_3 (EURV & 100yr) = 0 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 0 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 0 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 1 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 0 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

1 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping

Overflow Weir 1

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

minimum bound 0.00 0 0

maximum bound 6.00 10,000 10

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 0.01 0.00 0.10

0:15:00 0.00 0.00 0.04 0.13 0.20 0.17 0.25 0.27 0.48

0:20:00 0.00 0.00 0.32 0.49 0.64 0.48 0.62 0.71 1.14

0:25:00 0.00 0.00 0.74 1.12 1.49 1.07 1.39 1.65 2.90

0:30:00 0.00 0.00 0.92 1.34 1.85 2.59 3.37 4.09 6.39

0:35:00 0.00 0.00 0.88 1.26 1.74 3.03 3.89 4.95 7.55

0:40:00 0.00 0.00 0.81 1.14 1.56 3.00 3.82 4.84 7.34

0:45:00 0.00 0.00 0.71 1.02 1.40 2.73 3.48 4.52 6.85

0:50:00 0.00 0.00 0.63 0.92 1.24 2.51 3.19 4.13 6.27

0:55:00 0.00 0.00 0.56 0.81 1.10 2.19 2.80 3.71 5.62

1:00:00 0.00 0.00 0.50 0.72 0.97 1.91 2.44 3.32 5.03

1:05:00 0.00 0.00 0.46 0.66 0.89 1.66 2.13 2.98 4.54

1:10:00 0.00 0.00 0.41 0.61 0.84 1.45 1.86 2.54 3.90

1:15:00 0.00 0.00 0.37 0.56 0.79 1.28 1.64 2.19 3.38

1:20:00 0.00 0.00 0.34 0.50 0.71 1.11 1.42 1.83 2.82

1:25:00 0.00 0.00 0.30 0.45 0.61 0.95 1.21 1.51 2.33

1:30:00 0.00 0.00 0.27 0.40 0.52 0.79 1.00 1.23 1.89

1:35:00 0.00 0.00 0.24 0.35 0.45 0.64 0.81 0.98 1.50

1:40:00 0.00 0.00 0.21 0.30 0.40 0.52 0.65 0.76 1.17

1:45:00 0.00 0.00 0.20 0.27 0.37 0.44 0.54 0.62 0.96

1:50:00 0.00 0.00 0.20 0.25 0.35 0.39 0.48 0.53 0.83

1:55:00 0.00 0.00 0.18 0.24 0.33 0.35 0.44 0.47 0.74

2:00:00 0.00 0.00 0.16 0.22 0.30 0.33 0.41 0.43 0.67

2:05:00 0.00 0.00 0.13 0.17 0.24 0.26 0.32 0.33 0.51

2:10:00 0.00 0.00 0.10 0.14 0.19 0.20 0.24 0.25 0.38

2:15:00 0.00 0.00 0.08 0.11 0.14 0.15 0.19 0.18 0.29

2:20:00 0.00 0.00 0.06 0.08 0.11 0.12 0.14 0.14 0.22

2:25:00 0.00 0.00 0.04 0.06 0.08 0.09 0.11 0.11 0.16

2:30:00 0.00 0.00 0.03 0.05 0.06 0.07 0.08 0.08 0.12

2:35:00 0.00 0.00 0.03 0.03 0.05 0.05 0.06 0.06 0.09

2:40:00 0.00 0.00 0.02 0.03 0.03 0.04 0.04 0.05 0.07

2:45:00 0.00 0.00 0.01 0.02 0.02 0.03 0.03 0.03 0.05

2:50:00 0.00 0.00 0.01 0.01 0.02 0.02 0.02 0.02 0.03

2:55:00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.02

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

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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Detention Pond: Stage-Storage

Rain Garden B

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 02/03/23

Stage Elevation

 Contour 

Area

Incremental 

Storage 

Volume

Wall 

Volume 

Reduction

Cumulative 

Storage 

Volume

[ft] [ft] [sf] [cf] [cf] [cf]

0.00 5323.10 0 0 0

0.10 5323.20 167 8 8

0.20 5323.30 334 25 33

0.30 5323.40 501 42 75

0.40 5323.50 668 58 134

0.50 5323.60 835 75 209

0.60 5323.70 1002 92 301

0.70 5323.80 1002 100 401

0.80 5323.90 1002 100 501

0.90 5324.00 1002 100 601

1.00 5324.10 1002 100 701

1.10 5324.20 1002 100 802

1.20 5324.30 1002 100 902

1.30 5324.40 1002 100 1002

1.40 5324.50 1002 100 1102

1.50 5324.60 1002 100 1202

1.60 5324.70 1002 100 1303

1.70 5324.80 1002 100 1403

1.80 5324.90 1002 100 1503

1.90 5325.00 1002 100 1603

2.00 5325.10 1002 100 1703

2.10 5325.20 1002 100 1804 FG Rain Garden

2.11 5325.21 2187 16 1820

2.20 5325.30 2187 197 13 2003

2.30 5325.40 2187 219 13 2209

2.40 5325.50 2187 219 13 2415

2.50 5325.60 2187 219 13 2620

2.60 5325.70 2187 219 13 2826

2.70 5325.80 2187 219 13 3031

2.80 5325.90 2187 219 13 3237

2.90 5326.00 2187 219 13 3443

3.00 5326.10 2187 219 13 3648

3.10 5326.20 2187 219 13 3854 WSELWQCV WQCV=1,037-cf

3.20 5326.30 2187 219 4073

3.30 5326.40 2187 219 4291 WSELEURV EURV=4,312-cf

3.40 5326.50 2187 219 4510

3.50 5326.60 2187 219 4729

3.60 5326.70 2187 219 4947

3.70 5326.80 2187 219 5166

3.80 5326.90 2187 219 5385

3.90 5327.00 2187 219 5603

4.00 5327.10 2187 219 5822

4.10 5327.20 2187 219 6041

4.20 5327.30 2187 219 6260

4.30 5327.40 2187 219 6478 WSEL100YR VDET100=6,360-cf

4.40 5327.50 2187 219 6697

4.50 5327.60 2187 219 6916

4.60 5327.70 2187 219 7134

4.70 5327.80 2187 219 7353

4.80 5327.90 2187 219 7572

4.90 5328.00 2187 219 7790

5.00 5328.10 2187 219 8009

5.10 5328.20 2187 219 8228

5.20 5328.30 2187 219 8447

5.30 5328.40 2187 219 8665

5.40 5328.50 2187 219 8884

5.50 5328.60 2187 219 9103

5.60 5328.70 2187 219 9321

5.65 5328.75 2187 109 9431 Top of Emergency Overflow Weir

5.75 5328.85 2187 219 9649

5.85 5328.95 2187 219 9868

5.95 5329.05 2187 219 10087

6.05 5329.15 2187 219 10305

6.15 5329.25 2187 219 10524 Top of Wall
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Designer:

Company:

Date:

Project:

Location:

1. Basin Storage Volume

A) Effective Imperviousness of Tributary Area, Ia Ia = 60.47 %

     (100% if all paved and roofed areas upstream of rain garden)

B)  Tributary Area's Imperviousness Ratio (i = Ia/100) i = 0.605

C)  Water Quality Capture Volume (WQCV) for a 12-hour Drain Time WQCV = 0.19 watershed inches

       (WQCV= 0.8 * (0.91* i
3 
- 1.19 * i

2 
+ 0.78 * i)

D)  Contributing Watershed Area (including rain garden area) Area = 65,429 sq ft

E)  Water Quality Capture Volume (WQCV) Design Volume VWQCV = 1,037 cu ft

       Vol = (WQCV / 12) * Area

F)  For Watersheds Outside of the Denver Region, Depth of d6 =  in

      Average Runoff Producing Storm

G)  For Watersheds Outside of the Denver Region, VWQCV OTHER = cu ft

      Water Quality Capture Volume (WQCV) Design Volume

H)  User Input of Water Quality Capture Volume (WQCV) Design Volume VWQCV USER = cu ft

     (Only if a different WQCV Design Volume is desired)

2. Basin Geometry

A) WQCV Depth (12-inch maximum) DWQCV = 12 in

B) Rain Garden Side Slopes (Z = 4 min., horiz. dist per unit vertical) Z = 0.00 ft / ft

     (Use "0" if rain garden has vertical walls)

C) Mimimum Flat Surface Area AMin = 791 sq ft

D) Actual Flat Surface Area AActual = 1054 sq ft

E) Area at Design Depth (Top Surface Area) ATop = 1054 sq ft

F) Rain Garden Total Volume VT= 1,054 cu ft

    (VT= ((ATop + AActual) / 2) * Depth)

3. Growing Media

4. Underdrain System

A) Are underdrains provided? 1

B) Underdrain system orifice diameter for 12 hour drain time 

i) Distance From Lowest Elevation of the Storage y = 2.15 ft

    Volume to the Center of the Orifice

ii) Volume to Drain in 12 Hours Vol12 = 1,037 cu ft

iii) Orifice Diameter, 3/8" Minimum DO = 3/4  in

Design Procedure Form:  Rain Garden (RG)

MLM

The Sanitas Group

June 16, 2023

East Street Village

Basin A2 - Rain Garden B

UD-BMP (Version 3.07, March 2018)

Choose One

Choose One

18" Rain Garden Growing Media

Other (Explain):

YES

NO

UD-BMP_v3.07 - RG B, RG 6/16/2023, 3:07 PM
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Designer:

Company:

Date:

Project:

Location:

5. Impermeable Geomembrane Liner and Geotextile Separator Fabric

A)  Is an impermeable liner provided due to proximity 

      of structures or groundwater contamination?

6. Inlet / Outlet Control

A)  Inlet Control

7. Vegetation

8. Irrigation

A)  Will the rain garden be irrigated?

Notes:

Design Procedure Form:  Rain Garden (RG)

MLM

The Sanitas Group

June 16, 2023

East Street Village

Basin A2 - Rain Garden B

Choose One

Choose One

Choose One

Sheet Flow- No Energy Dissipation Required

Concentrated Flow- Energy Dissipation Provided

Plantings

Seed (Plan for frequent weed control)

Sand Grown or Other High Infiltration Sod

Choose One

YES

NO

YES

NO

UD-BMP_v3.07 - RG B, RG 6/16/2023, 3:07 PM



Project:

Basin ID:

Depth Increment = 1.00 ft

Watershed Information Flood Control Only Media Surface -- 0.00 -- -- -- 0 0.000

Selected BMP Type = No BMP -- 0.60 -- -- -- 1,002 0.023 301 0.007

Watershed Area = 1.50 acres FG Rain Garden -- 2.10 -- -- -- 1,002 0.023 1,804 0.041

Watershed Length = 440 ft -- 2.11 -- -- -- 2,056 0.047 1,819 0.042

Watershed Length to Centroid = 220 ft WQCV=1,037-cf -- 3.10 -- -- -- 2,056 0.047 3,854 0.088

Watershed Slope = 0.010 ft/ft -- 3.11 -- -- -- 2,187 0.050 3,875 0.089

Watershed Imperviousness = 60.5% percent -- 3.20 -- -- -- 2,187 0.050 4,072 0.093

Percentage Hydrologic Soil Group A = 0.0% percent
EURV=4,312-cf, 

VDET 100=6,360-cf
-- 6.15 -- -- -- 2,187 0.050 10,524 0.242

Percentage Hydrologic Soil Group B = 100.0% percent -- -- -- --

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

Target WQCV Drain Time = N/A hours -- -- -- --

Location for 1-hr Rainfall Depths = Louisville - City Hall -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.030 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.099 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 0.8 in.) = 0.053 acre-feet inches -- -- -- --

5-yr Runoff Volume (P1 = 1.09 in.) = 0.077 acre-feet inches -- -- -- --

10-yr Runoff Volume (P1 = 1.35 in.) = 0.104 acre-feet inches -- -- -- --

25-yr Runoff Volume (P1 = 1.78 in.) = 0.161 acre-feet inches -- -- -- --

50-yr Runoff Volume (P1 = 2.14 in.) = 0.205 acre-feet inches -- -- -- --

100-yr Runoff Volume (P1 = 2.54 in.) = 0.259 acre-feet inches -- -- -- --

500-yr Runoff Volume (P1 = 3.63 in.) = 0.398 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 0.051 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.074 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.102 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.127 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 0.141 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.163 acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (EURV-WQCV) = 0.069 acre-feet -- -- -- --

Zone 2 Volume (100-year - Zone 1) = 0.094 acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 0.163 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = N/A ft 3 -- -- -- --

Initial Surcharge Depth (ISD) = N/A 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 -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --
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-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --
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-- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional 

Override 

Area (ft 2)

Length 

(ft)

Optional 

Override 

Stage (ft)

Stage

(ft)

Stage - Storage

Description

Area 

(ft 2)

Width 

(ft)

East Street Village

Basin A2 - Rain Garden B

MHFD-Detention, Version 4.04 (February 2021)

Volume 

(ft 3)

Volume 

(ac-ft)

Area 

(acre)

After providing required inputs above including 1-hour rainfall

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

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)

MHFD-Detention_v4 04 - RG B, Basin 6/18/2023, 1:41 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

2.69 Zone 1 (EURV - WQCV) 2.69 Zone 1 (EURV - WQCV)

4.59 Zone 2 (100-year) 4.59 Zone 2 (100-year)

0.00 Zone 3 0.00 Zone 3

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 (EURV - WQCV) 2.69 0.069 Circular Orifice

Zone 2 (100-year) 4.59 0.094 Weir&Pipe (Circular)

Zone 3

Total (all zones) 0.163

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 = N/A 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 = N/A 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 (optional) 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) N/A N/A N/A N/A N/A N/A N/A N/A

Orifice Area (sq. inches) N/A N/A N/A N/A N/A N/A N/A N/A

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) N/A N/A N/A N/A N/A N/A N/A N/A

Orifice Area (sq. inches) N/A N/A N/A N/A N/A N/A N/A N/A

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

Zone 1 Circular Not Selected Zone 1 Circular Not Selected

Invert of Vertical Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 0.01 ft
2

Depth at top of Zone using Vertical Orifice = 2.69 ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = 0.06 feet

Vertical Orifice Diameter = 1.50 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 2 Weir Not Selected Zone 2 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 3.32 ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 3.32 feet

Overflow Weir Front Edge Length = 2.00 feet Overflow Weir Slope Length = 2.00 feet

Overflow Weir Grate Slope = 0.00 H:V Grate Open Area / 100-yr Orifice Area = 21.05

Horiz. Length of Weir Sides = 2.00 feet Overflow Grate Open Area w/o Debris = 3.16 ft
2

Overflow Grate Type = Close Mesh Grate Overflow Grate Open Area w/ Debris = 3.16 ft
2

Debris Clogging % = 0% %

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 2 Circular Not Selected Zone 2 Circular Not Selected

Depth to Invert of Outlet Pipe = 0.00 ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.15 ft
2

Circular Orifice Diameter = 5.25 inches Outlet Orifice Centroid = 0.22 feet

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

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

Spillway Invert Stage= 5.65 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.13 feet

Spillway Crest Length = 25.00 feet Stage at Top of Freeboard = 5.88 feet

Spillway End Slopes = 0.00 H:V Basin Area at Top of Freeboard = 0.05 acres

Freeboard above Max Water Surface = 0.10 feet Basin Volume at Top of Freeboard = 0.23 acre-ft

Max Ponding Depth of Target Storage Volume = 4.25 feet Discharge at Top of Freeboard = 10.00 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 0.80 1.09 1.35 1.78 2.14 2.54 3.63

CUHP Runoff Volume (acre-ft) = 0.030 0.099 0.053 0.077 0.104 0.161 0.205 0.259 0.398

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.053 0.077 0.104 0.161 0.205 0.259 0.398

CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.0 0.0 0.2 0.7 1.1 1.6 2.7
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 0.13 0.50 0.73 1.05 1.79

Peak Inflow Q (cfs) = N/A N/A 0.7 1.0 1.4 2.3 2.9 3.7 5.7

Peak Outflow Q (cfs) = 0.1 0.1 0.08 0.1 0.10 1.0 1.3 1.45 2.9

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 5.3 0.5 1.4 1.2 0.9 1.1

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

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A 0.3 0.4 0.4 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) = 7 15 11 13 16 17 17 16 16

Time to Drain 99% of Inflow Volume (hours) = 7 16 11 14 17 18 18 18 18

Maximum Ponding Depth (ft) = 1.61 3.31 2.06 2.54 3.08 3.43 3.62 4.25 5.71

Area at Maximum Ponding Depth (acres) = 0.02 0.05 0.02 0.05 0.05 0.05 0.05 0.05 0.05
Maximum Volume Stored (acre-ft) = 0.030 0.099 0.040 0.062 0.087 0.105 0.115 0.146 0.219

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

East Street Village

Basin A2 - Rain Garden B

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

Example Zone Configuration (Retention Pond)

MHFD-Detention_v4 04 - RG B, Outlet Structure 2/7/2023, 12:30 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) 1 2 1

Count_WQPlate = 0 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) 2 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 162 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 207 Slope 0.010

COUNTA_2 (Standard FSD Setup)= 0 0.58(diameter = 7/8 inch) EURV 332 Shape 2.96

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 255

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 309 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 344 0.13

WQ Plate Flow at 100yr depth = 0.00 0.97(diameter = 1-1/8 inches) 50 Year 363

CLOG #1= 100% 1.08(diameter = 1-3/16 inches) 100 Year 426 1 Z1_Boolean

n*Cdw #1 = 0.62 1.20(diameter = 1-1/4 inches) 500 Year 572 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= 100% 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = 0.00 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = 0.00 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 1 1 2

Overflow Weir #2 Angle = 0.000 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 = 0.12 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 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 0 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

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping

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

minimum bound 0.00 0 0

maximum bound 6.00 10,000 10

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 0.00 0.00 0.08

0:15:00 0.00 0.00 0.03 0.10 0.15 0.13 0.19 0.21 0.37

0:20:00 0.00 0.00 0.25 0.38 0.49 0.37 0.47 0.54 0.87

0:25:00 0.00 0.00 0.57 0.86 1.14 0.82 1.06 1.25 2.19

0:30:00 0.00 0.00 0.70 1.03 1.41 1.95 2.54 3.08 4.79

0:35:00 0.00 0.00 0.67 0.97 1.32 2.28 2.93 3.71 5.65

0:40:00 0.00 0.00 0.62 0.88 1.19 2.26 2.88 3.63 5.51

0:45:00 0.00 0.00 0.55 0.79 1.07 2.06 2.62 3.40 5.15

0:50:00 0.00 0.00 0.49 0.71 0.95 1.90 2.41 3.12 4.72

0:55:00 0.00 0.00 0.44 0.63 0.84 1.67 2.12 2.80 4.24

1:00:00 0.00 0.00 0.39 0.56 0.75 1.45 1.85 2.51 3.81

1:05:00 0.00 0.00 0.36 0.51 0.69 1.27 1.63 2.26 3.44

1:10:00 0.00 0.00 0.32 0.47 0.65 1.11 1.42 1.93 2.96

1:15:00 0.00 0.00 0.29 0.43 0.61 0.98 1.26 1.67 2.57

1:20:00 0.00 0.00 0.26 0.39 0.55 0.85 1.09 1.40 2.15

1:25:00 0.00 0.00 0.24 0.35 0.48 0.73 0.93 1.16 1.78

1:30:00 0.00 0.00 0.21 0.31 0.41 0.61 0.78 0.95 1.46

1:35:00 0.00 0.00 0.19 0.28 0.35 0.50 0.63 0.76 1.17

1:40:00 0.00 0.00 0.17 0.24 0.31 0.41 0.51 0.60 0.92

1:45:00 0.00 0.00 0.16 0.21 0.29 0.34 0.42 0.49 0.75

1:50:00 0.00 0.00 0.15 0.20 0.27 0.30 0.37 0.42 0.64

1:55:00 0.00 0.00 0.14 0.18 0.26 0.28 0.34 0.37 0.57

2:00:00 0.00 0.00 0.12 0.17 0.23 0.26 0.32 0.34 0.52

2:05:00 0.00 0.00 0.10 0.14 0.19 0.20 0.25 0.26 0.40

2:10:00 0.00 0.00 0.08 0.11 0.15 0.16 0.19 0.19 0.30

2:15:00 0.00 0.00 0.06 0.08 0.11 0.12 0.15 0.14 0.22

2:20:00 0.00 0.00 0.05 0.06 0.09 0.09 0.11 0.11 0.17

2:25:00 0.00 0.00 0.04 0.05 0.06 0.07 0.08 0.08 0.13

2:30:00 0.00 0.00 0.03 0.04 0.05 0.05 0.06 0.06 0.10

2:35:00 0.00 0.00 0.02 0.03 0.04 0.04 0.05 0.05 0.07

2:40:00 0.00 0.00 0.02 0.02 0.03 0.03 0.04 0.04 0.05

2:45:00 0.00 0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.04

2:50:00 0.00 0.00 0.01 0.01 0.01 0.02 0.02 0.02 0.03

2:55:00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.02

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

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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Orifice Calculations

Rain Garden A Outlet Structure

Prepared By: MLM

Project: East Street Village Reviewed By: LRE

SG Project I.D.: B1396 Date: 02/03/23

Orifice 1: Rain Garden A EURV Control

Cd = 0.60

d = 1.75 inches

A = 0.017 ft
2

g = 32.2 ft/s
2

h = 5.03 ft (100-yr depth)

Orifice Equation: Qi = CdA (2gh)
0.5

Qi = 0.18 cfs

Orifice 2: Rain Garden B EURV Control

Cd = 0.60

d = 1.50 inches

A = 0.012 ft
2

g = 32.2 ft/s
2

h = 5.03 ft (100-yr depth)

Orifice Equation: Qi = CdA (2gh)
0.5

Qi = 0.13 cfs

The Sanitas Group, LLC
Orifice Calculations

B1396 - East Street Village
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APPENDIX E 
BMP Maintenance 

  



Chapter 6 BMP Maintenance 

November 2010 Urban Drainage and Flood Control District 6-7 
 Urban Storm Drainage Criteria Manual Volume 3 

4.7 Sediment Removal  

Remove sediment as needed based on inspection.  Frequency depends on site-specific conditions.  For 
planning purposes, it can be estimated that 3 to 10% of the swale length or buffer interface length will 
require sediment removal on an annual basis. 

 For Grass Buffers:  Using a shovel, remove sediment at the interface between the impervious area 
and buffer.   

 For Grass Swales:  Remove accumulated sediment near culverts and in channels to maintain flow 
capacity.  Spot replace the grass areas as necessary.   

Reseed and/or patch damaged areas in buffer, sideslopes, and/or channel to maintain healthy vegetative 
cover.  This should be conducted as needed based on inspection.  Over time, and depending on pollutant 
loads, a portion of the buffer or swale may need to be rehabilitated due to sediment deposition.  Periodic 
sediment removal will reduce the frequency of revegetation required.  Expect turf replacement for the 
buffer interface area every 10 to 20 years. 

5.0 Bioretention (Rain Garden or Porous Landscape Detention) 
The primary maintenance objective for bioretention, also known as porous landscape detention, is to keep 
vegetation healthy, remove sediment and trash, and ensure that the facility is draining properly.  The 
growing medium may need to be replaced eventually to maintain performance.  This section summarizes 
key maintenance considerations for bioretention.   

5.1 Inspection 

Inspect the infiltrating surface at least twice annually following precipitation events to determine if the 
bioretention area is providing acceptable infiltration.  Bioretention facilities are designed with a maximum 
depth for the WQCV of one foot and soils that will typically drain the WQCV over approximately 12 
hours.  If standing water persists for more than 24 hours after runoff has ceased, clogging should be 
further investigated and remedied.  Additionally, check for erosion and repair as necessary.  

5.2 Debris and Litter Removal 

Remove debris and litter from the infiltrating surface to minimize clogging of the media.  Remove debris 
and litter from the overflow structure. 

5.3 Mowing and Plant Care 

 All vegetation:  Maintain healthy, weed-free vegetation.  Weeds should be removed before they 
flower.  The frequency of weeding will depend on the planting scheme and cover.  When the growing 
media is covered with mulch or densely vegetated, less frequent weeding will be required.   

 Grasses:  When started from seed, allow time for germination and establishment of grass prior to 
mowing.  If mowing is required during this period for weed control, it should be accomplished with 
hand-held string trimmers to minimize disturbance to the seedbed.  After established, mow as desired 
or as needed for weed control.  Following this period, mowing of native/drought tolerant grasses may 
stop or be reduced to maintain a length of no less than 6 inches.  Mowing of manicured grasses may 
vary from as frequently as weekly during the summer, to no mowing during the winter.  See Section 
4.4 for additional guidance on mowing.      
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6-8 Urban Drainage and Flood Control District November 2010 

Urban Storm Drainage Criteria Manual Volume 3 

5.4 Irrigation Scheduling and Maintenance 

Adjust irrigation throughout the growing season to provide the proper irrigation application rate to 
maintain healthy vegetation.  Less irrigation is typically needed in early summer and fall, while more 
irrigation is needed during the peak summer months.  Native grasses and other drought tolerant plantings 
should not typically require routine irrigation after establishment, except during prolonged dry periods.   

Check for broken sprinkler heads and repair them, as needed.  Completely drain the irrigation system 
before the first winter freeze each year.  Upon reactivation of the irrigation system in the spring, inspect 
all components and replace damaged parts, as needed. 

5.5 Replacement of Wood Mulch 

Replace wood mulch only when needed to maintain a mulch depth of up to approximately 3 inches.  
Excess mulch will reduce the volume available for storage.   

5.6 Sediment Removal and Growing Media Replacement 

If ponded water is observed in a bioretention cell more than 24 hours after the end of a runoff event, 
check underdrain outfall locations and clean-outs for blockages.  Maintenance activities to restore 
infiltration capacity of bioretention facilities will vary with the degree and nature of the clogging.  If 
clogging is primarily related to sediment accumulation on the filter surface, infiltration may be improved 
by removing excess accumulated sediment and scarifying the surface of the filter with a rake.  If the 
clogging is due to migration of sediments deeper into the pore spaces of the media, removal and 
replacement of all or a portion of the media may be required.  The frequency of media replacement will 
depend on site-specific pollutant loading characteristics.  Based on experience to date in the metro Denver 
area, the required frequency of media replacement is not known.  To date UDFCD is not aware of any 
rain gardens constructed to the recommendations of these criteria that have required full replacement of 
the growing media.  Although surface clogging of the media is expected over time, established root 
systems promote infiltration.  This means that mature vegetation that covers the filter surface should 
increase the life span of the growing media, serving to promote infiltration even as the media surface 
clogs.    

  

TSG10
Text Box
Rain Garden A is located in the northeast corner of the East Street Village site and Rain Garden B is located in the southeast corner of the site. Both rain gardens contain steps for maintenance access.
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