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PURPOSE 

This portion of the Bent Grass East Commercial development was previously platted as Tract B 

within Bent Grass East Commercial Filing No. 2B.  However, it was previously analyzed from a 

drainage standpoint and included in the Bent Grass Residential Filing No. 1 Final Drainage 

Report and latest Addendum filed in 2015.  The previous drainage basins K, L and M1 

encompass the proposed development and re-plat of Tract B.  The purpose of this report is to 

confirm that the existing adjacent pond indeed accounted for this development and to better 

define the exact routing of the proposed storm sewer into the pond and associated concrete 

forebay design. 

 

GENERAL DESCRIPTION 

Tract B, Bent Grass East Commercial Filing No. 2B contains a total area of 219,877 SF (5.05 AC.), 

located in the county of El Paso within Section 1, Township 13 South, Range 65 West of the 

Sixth Principal Meridian, El Paso County, Colorado.  The site is bounded on the north by Bent 

Grass Meadows Dr., on the east by Meridian Park Dr., on the west Bent Grass Residential Filing 

No. 1 and to the south by the existing detention pond within Tract A of the Bent Grass East 

Commercial development. 

 

The average soil condition reflects Hydrologic Group “A” (Columbine gravelly sandy loam), as 

determined by the “Soil Survey of El Paso County Area,” prepared by the Soil Conservation 

Service. (See Appendix)  For the purposes of the hydrologic calculations within this report, the 

soil type A was utilized. 

 

EXISTING/DEVELOPED DRAINAGE CONDITIONS 

The entire proposed development area was previously overlot graded along with the adjacent 

developments.  The revegetation consists of native grasses with slopes of 2%-4%.  The entire 

property sheet flows in a southerly direction directly into the existing detention pond 2 just 

south of the property. 



 

 

 
Page 2 

The proposed development plans to construct a private roadway in order to provide vehicular 

access to the 6 lots.  This private road will connect to both Bent Grass Meadows Dr. to the 

north and Meridian Park Dr. to the east. High points are planned at each of these two 

connection points with a low point near the middle of the property. (See Developed Drainage 

Map in Appendix) 

 

Design Point 1 (Q5 = 4 cfs and Q100 = 8 cfs) represents developed flows from Basin A (lots 2 and 

3 and north half of the private road).  These flows will be routed towards Design Point 1 where 

a private 5’ Type R Sump Inlet will completely collect both the 5 and 100 yr. developed flows.   

 

Design Point 2 (Q5 = 1 cfs and Q100 = 3 cfs) represents developed flows from Basin B (portion of 

lots 4 and 5 and south half of the private road).  These flows will be routed towards Design 

Point 2 where a private 5’ Type R Sump Inlet will completely collect both the 5 and 100 yr. 

developed flows.   

 

Design Point 3 (Q5 = 7 cfs and Q100 = 13 cfs) represents developed flows from Basin C (lots 4 

and 6) and a portion of off-site Basin K (existing residential development to the west).  These 

flows will be routed towards Design Point 3 where a private 24” RCP storm stub will collect 

both the 5 and 100 yr. developed flows.  The individual site plans for each of these lots will 

show how curb and gutter will collect these developed flows and route them towards the 

provided 24” RCP private storm stub.  These flows remain consistent with Basins L (Q5 = 18 cfs 

and Q100 = 35 cfs) and K (Q5 = 2 cfs and Q100 = 4 cfs) from the previous report. (See Appendix)  

 

 

Design Point 4 (Q5 = 11 cfs and Q100 = 22 cfs) represents the total developed flows that will 

enter the existing pond at this location (Basins A, B, C and a portion of Basin K).  A concrete 

forebay is proposed within the existing pond at this location with the following criteria: 

(See Appendix) 
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Per UD-BMP Spreadsheet – Concrete Forebay sizing 

0.003 Ac-ft. or 131 SF min. Forebay with 12” high walls OR 88 SF min. with 18” high walls 

4.5” wide notch at end of forebay 

 

 

Basin E (Q5 = 0.3 cfs and Q100 = 1.0 cfs) represents developed flows from Basin E 

(landscape/setback area within lots 1, 2 and 3) that will continue to sheet flow in a 

northeasterly direction and directly into Bent Grass Meadows Dr.  This minor developed flow 

was accounted for and remains consistent with the previously approved report.  Also, per ECM 

I.7.1.C.1.a this basin of 0.3 ac. is not practical to be captured and will not drain towards the 

downstream control measures.  

 

Basin D (Q5 = 3 cfs and Q100 = 6 cfs) represents developed flows from Basin D (lots 1 and a 

portion of 5 and a portion of the private road).  These flows will continue to sheet flow directly 

into Meridian Park Dr.  They then travel as curb and gutter flows to the existing sump inlet 

within the cul-de-sac and then directly into the existing pond.  These flows were accounted for 

in the previously approved drainage report and remain consistent with Basin M1 (Q5 = 6 cfs and 

Q100 = 11 cfs) from the previous report. (See Appendix)  

 

 

DRAINAGE CRITERIA 

Hydrologic calculations were performed using the City of Colorado Springs/El Paso County 

Drainage Criteria Manual, as revised in November 1991 and October 1994 with County adopted 

Chapter 6 and Section 3.2.1 of Chapter 13 of the City of Colorado Springs/El Paso County 

Drainage Criteria Manual as revised in May 2014 along with the El Paso County Engineering 

Criteria Manual, updated October 2020.  Individual on-site developed basin design used for 

detention/SWQ basin sizing, inlet sizing and storm system routing was calculated using the 

Rational Method.  Runoff Coefficients are based on the imperviousness of the particular land 
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use and the hydrologic soil type in accordance with Table 6-6.  The average rainfall intensity, by 

recurrence interval found in the Intensity-Duration-Frequency (IDF) curves in Figure 6-5. (See 

Appendix) 

 

The City of Colorado Springs/El Paso County DCM requires the Four Step Process for receiving 

water protection that focuses on reducing runoff volumes, treating the water quality capture 

volume (WQCV), stabilizing drainage ways, and implementing long-term source controls. The 

Four Step Process pertains to management of smaller, frequently occurring storm events, as 

opposed to larger storms for which drainage and flood control infrastructure are sized. 

Implementation of these four steps helps to achieve storm water permit requirements. 

 

This site adheres to this Four Step Process as follows: 

 

1. Employ Runoff Reduction Practices:  Proposed urban commercial lot impervious areas 

(roof tops, parking lots, drive aisles, etc.) will to the extent possible, sheet flow across 

landscaped areas to slow runoff and increase time of concentration prior to being 

conveyed to the proposed private storm systems and stormwater quality facilities.  This 

will minimize directly connected impervious areas within the project site. 

 

2. Stabilize Drainageways: After developed flows utilize the runoff reduction practices 

through landscaped areas, developed flows will travel via curb and gutter and buried 

storm sewer systems.  These collected flows are then routed directly to the existing 

stormwater quality facility adjacent to the site (Pond 2) that was originally constructed 

with Bent Grass Residential Filing No. 1. 

 

3. Provide Water Quality Capture Volume (WQCV):  Runoff from this development will be 

treated through capture and slow release of the WQCV in the existing stormwater 

quality facility (Pond 2). 
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4. Consider need for Industrial and Commercial BMPs: No industrial uses are proposed 

within this development.  However, a site specific storm water quality and erosion 

control plan and narrative will be submitted along with the grading and erosion control 

plan.  Details such as site specific sediment and erosion control construction BMP’s as 

well as temporary and permanent BMP’s will be detailed in this plan and narrative to 

protect receiving waters.  BMP’s will be constructed and maintained as the  

development has been graded and erosion control methods employed. 

 

 

FLOODPLAIN STATEMENT 

No portion of this site is located within a FEMA floodplain as determined by the Flood Insurance 

Rate Map (F.I.R.M.) Map Number 08041C0553G, with effective date of December, 7 2018. (See 

Appendix) 

 

 

 
DRAINAGE AND BRIDGE FEES 

This site lies entirely within the Falcon Drainage Basin boundaries. 

The fees are calculated using the following impervious acreage method approved by El Paso 

County.  Bent Grass East Commercial Filing No. 3 has a total area of 5.048 acres with a 

commercial land use designation.  

     

The percent imperviousness for this subdivision is calculated as follows: 

 

Fees for Commercial Land Use 

  (Per El Paso County Percent Impervious Chart:  95%) 

  5.048 Ac.  x  95%  =  4.796 Impervious Ac. 

 

The following calculations are based on the 2020 Falcon drainage/bridge fees: 

 

2021

04/21/2022 9:01:22 AM

APPROVED

EPC Planning & Community
Development Department

Engineering Department

dsdnijkamp



 

 

 
Page 6 

 

ESTIMATED FEES: 

Bridge Fees 

$ 4,232.00  x  4.796 Impervious Ac.  =  $    20,296.67 
 

Drainage Fees 

$ 30,807.00  x  4.796 Impervious Ac.  =  $  147,750.37 
 

Per the ECM 3.10.4.a, this development requests a reduction of drainage fees based on the on-

site detention pond 2 that was constructed as a part of the Bent Grass Residential Filing No. 1 

development.  This facility within the Falcon Drainage Basin seems to meet the following 

criteria for this reduction: 

 

1.  Allowed only where regional system is not yet in place – no downstream regional 

facility in place yet 

2. The pond is less than 15 acre-feet in volume from the lowest outlet structure to the 

crest of the emergency spillway – The existing pond 2 has a volume of 2.32 ac.-ft. 

3. The on-site pond is not part of the regional plan (for approval ponds that are part of 

the regional plan, developers are given 100% credit) – Pond 2 is not a part of the 

regional plan 

4. The outlet of the pond must be designed to release at historic levels for all 

precipitation events from the 2 yr. storm to the 100 yr. storm.  A smaller outlet may 

be required by the County if adequate downstream channel improvement are not in 

place to protect residents from the 2 yr. storm – Pond 2 was designed as a full 

spectrum facility 

5. County approves design and construction – County approved the design and 

construction of Pond 2 along with the Bent Grass Residential Filing No. 1 

development 

6. Landowners assume responsibility for maintenance – Pond 2 is owned and 

maintained by the Bent Grass Metro. District 

4,380.00

31,885.00 $152,920.46

$  21,006.48

04/21/2022 9:01:33 AM

APPROVED

EPC Planning & Community
Development Department

Engineering Department

dsdnijkamp
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Per Bent Grass East Commercial Filing No. 2 Final Drainage Report – Dated Aug. 2014 

Construction of Detention Pond 2 (Full Spectrum on-site Facility) = $75,000 * 

50% credit was taken against drainage fees owed (See Appendix) = $37,500 – 26,860.65  

Credit remaining within the Falcon Basin    = $10,639.35 

 

*Developer to provide receipts for previous pond const. and apply for drainage reimbursement 

in order to receive credit. 

 

TOTAL DRAINAGE FEES (after reduction): 

Drainage Fees 

$ 147,750.37 – 10,639.35    =  $  137,111.02 * 
 

 

 

SUMMARY 

The proposed grading plan, drainage patterns and quantities remain consistent with the 

previously approved final drainage report for Bent Grass Residential Filing No. 1 and associated 

addendum.  The proposed development will not adversely impact surrounding properties.   

 

 

PREPARED BY: 
 
Classic Consulting Engineers & Surveyors, LLC 

Marc A. Whorton, P.E. 
Project Manager 
 
mw/217764/Reports/217764FDR Addendum.doc 

 

$152,920.46 $142,281.11*
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Soil Map—El Paso County Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

11/4/2020
Page 1 of 3
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:24,000.

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

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

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

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

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

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

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 18, Jun 5, 2020

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

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

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

Soil Map—El Paso County Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

11/4/2020
Page 2 of 3



Map Unit Legend

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

19 Columbine gravelly sandy 
loam, 0 to 3 percent slopes

22.5 100.0%

Totals for Area of Interest 22.5 100.0%

Soil Map—El Paso County Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

11/4/2020
Page 3 of 3



El Paso County Area, Colorado

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

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

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

the mapunit.

Description of Columbine

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

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

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

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

Interpretive groups
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: A
Ecological site: R049XB215CO - Gravelly Foothill
Hydric soil rating: No

Minor Components

Pleasant
Percent of map unit: 1 percent

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

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

11/4/2020
Page 1 of 2



Landform: Depressions
Hydric soil rating: Yes

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

Fluvaquentic haplaquolls
Percent of map unit: 1 percent
Landform: Swales
Hydric soil rating: Yes

Data Source Information

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 18, Jun 5, 2020

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

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

11/4/2020
Page 2 of 2
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JOB NAME: BENT GRASS EAST COMMERCIAL FILING NO. 3
JOB NUMBER: 2177.64
DATE: 11/04/20
CALCULATED BY: MAW

IMPERVIOUS AREA / STREETS

BASIN
TOTAL

AREA (AC) AREA (AC) C(2) C(5) C(100) AREA (AC) C(2) C(5) C(100) C(2) C(5) C(100) CA(2) CA(5) CA(100)

A 1.4 1.10 0.89 0.90 0.96 0.30 0.02 0.08 0.35 0.70 0.72 0.83 0.99 1.01 1.16
B 0.4 0.30 0.89 0.90 0.96 0.10 0.02 0.08 0.35 0.67 0.70 0.81 0.27 0.28 0.32
C 2.0 1.60 0.89 0.90 0.96 0.40 0.02 0.08 0.35 0.72 0.74 0.84 1.43 1.47 1.68
D 0.9 0.75 0.89 0.90 0.96 0.15 0.02 0.08 0.35 0.75 0.76 0.86 0.67 0.69 0.77
E 0.3 0.05 0.89 0.90 0.96 0.25 0.02 0.08 0.35 0.17 0.22 0.45 0.05 0.07 0.14
K 1.0 0.35 0.89 0.90 0.96 0.65 0.02 0.08 0.35 0.32 0.37 0.56 0.32 0.37 0.56

LANDSCAPE/UNDEVELOPED AREAS WEIGHTED 

FINAL DRAINAGE REPORT ~ BASIN RUNOFF COEFFICIENT SUMMARY
WEIGHTED CA

Classic Consulting
217764 CALCS-MSTR-WQCV 2017.xlsx Page 1of 1 11/4/2020



JOB NAME: BENT GRASS EAST COMMERCIAL FILING NO. 3
JOB NUMBER:
DATE:
CALC'D BY:

Tc=L/V

FINAL DRAINAGE REPORT ~ BASIN RUNOFF SUMMARY
STREET  /  CHANNEL FLOW Tc

BASIN CA(2) CA(5) CA(100) C(5) Length Height Tc Length Slope Velocity Tc TOTAL I(2) I(5) I(100) Q(2) Q(5) Q(100)
(ft) (ft) (min) (ft) (%) (fps) (min) (min) (in/hr) (in/hr) (in/hr) (cfs) (cfs) (cfs)

A 1.4 0.99 1.01 1.16 0.08 30 2 5.4 250 2.0% 1.0 4.2 9.6 3.34 4.19 7.03 3 4 8

B 0.4 0.27 0.28 0.32 0.08 10 0.2 4.6 100 1.5% 0.9 1.9 6.6 3.79 4.76 7.99 1 1 3

C 2.0 1.43 1.47 1.68 0.08 30 1.5 5.9 400 2.0% 1.0 6.7 12.7 3.01 3.77 6.34 4 6 11

D 0.9 0.67 0.69 0.77 0.08 10 0.2 4.6 200 2.0% 1.4 2.4 7.0 3.72 4.67 7.83 2 3 6

E 0.3 0.05 0.07 0.14 0.08 25 0.5 7.3 7.3 3.67 4.60 7.72 0.2 0.3 1.0

K 1.0 0.32 0.37 0.56 0.08 65 3 9.0 9.0 3.43 4.29 7.21 1 2 4

2177.64
11/04/20
MAW

TOTAL
AREA (AC)

INTENSITY TOTAL  FLOWS OVERLANDWEIGHTED

Classic Consulting
217764 CALCS-MSTR-WQCV 2017.xlsx Page 1of 1 11/4/2020



JOB NAME: BENT GRASS EAST COMMERCIAL FILING NO. 3
JOB NUMBER: 2177.64
DATE: 11/04/20
CALCULATED BY: MAW

Design
Point(s)

Contributing Basins
Equivalent

CA(5)
Equivalent

CA(100)
Maximum

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

Outfall /        
Inlet Size

1 A 1.01 1.16 9.6 4.19 7.03 4 8
5' Type R              
Sump Inlet

2 B 0.28 0.32 6.6 4.76 7.99 1 3
5' Type R              
Sump Inlet

3 C, 70% K 1.73 2.07 12.7 3.77 6.34 7 13 24" RCP Stub

4 A, B, C, 70% K 3.02 3.55 12.8 3.76 6.32 11 22 Concrete Forebay

Intensity Flow
FINAL DRAINAGE REPORT ~ SURFACE ROUTING SUMMARY

Classic Consulting
217764 CALCS-MSTR-WQCV 2017.xlsx Page 1of 1 11/4/2020



Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)

Maximum Allowable Width for Spread Behind Curb TBACK = 7.0 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 = 14.0 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 = 0.016

Minor Storm Major Storm

Max. Allowable Spread for Minor & Major Storm TMAX = 14.0 14.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches

Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = SUMP SUMP cfs

Version 4.05  Released March 2017

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)
BENT GRASS EAST COMMERCIAL FILING NO. 3

DP1

217764 UD-Inlet_v4.05.xlsm, DP1 11/4/2020, 11:39 AM



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a' from above) alocal = 3.00 3.00 inches

Number of Unit Inlets (Grate or Curb Opening) No = 1 1  

Water Depth at Flowline (outside of local depression) Ponding Depth = 6.0 12.0 inches

Grate Information MINOR MAJOR

Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

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

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

Curb Opening Information MINOR MAJOR

Length of a Unit Curb Opening Lo (C) = 5.00 5.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat (see USDCM Figure ST-5) Theta = 63.40 63.40 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) = 3.60 3.60

Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.33 0.83 ft

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = 0.77 1.00

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00

Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 5.4 12.3 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 4.0 8.0 cfs

CDOT Type R Curb Opening

INLET IN A SUMP OR SAG LOCATION
Version 4.05  Released March 2017

H-Vert
H -Curb

W

Lo (C )

Lo (G)

W o

WP

CDOT Type R Curb Opening

Override Depths
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)

Maximum Allowable Width for Spread Behind Curb TBACK = 7.0 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 = 14.0 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 = 0.016

Minor Storm Major Storm

Max. Allowable Spread for Minor & Major Storm TMAX = 14.0 14.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches

Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = SUMP SUMP cfs

Version 4.05  Released March 2017

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)
BENT GRASS EAST COMMERCIAL FILING NO. 3

DP2

217764 UD-Inlet_v4.05.xlsm, DP2 11/4/2020, 11:40 AM



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a' from above) alocal = 3.00 3.00 inches

Number of Unit Inlets (Grate or Curb Opening) No = 1 1  

Water Depth at Flowline (outside of local depression) Ponding Depth = 6.0 12.0 inches

Grate Information MINOR MAJOR

Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

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

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

Curb Opening Information MINOR MAJOR

Length of a Unit Curb Opening Lo (C) = 5.00 5.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat (see USDCM Figure ST-5) Theta = 63.40 63.40 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) = 3.60 3.60

Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.33 0.83 ft

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = 0.77 1.00

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00

Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 5.4 12.3 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 1.0 3.0 cfs

CDOT Type R Curb Opening

INLET IN A SUMP OR SAG LOCATION
Version 4.05  Released March 2017

H-Vert
H -Curb

W

Lo (C )

Lo (G)

W o

WP

CDOT Type R Curb Opening

Override Depths

217764 UD-Inlet_v4.05.xlsm, DP2 11/4/2020, 11:40 AM



Project:
Pipe ID:

Design Information (Input)
Pipe Invert Slope So = 0.0100 ft/ft
Pipe Manning's n-value n = 0.0130
Pipe Diameter D = 24.00 inches
Design discharge Q = 8.00 cfs

1
Full-Flow Capacity (Calculated)  
Full-flow area Af = 3.14 sq ft
Full-flow wetted perimeter Pf = 6.28 ft
Half Central Angle Theta = 3.14 radians
Full-flow capacity Qf = 22.68 cfs

Calculation of Normal Flow Condition  
Half Central Angle (0<Theta<3.14) Theta = 1.39 radians
Flow area An = 1.21 sq ft
Top width Tn = 1.97 ft
Wetted perimeter Pn = 2.78 ft
Flow depth Yn = 0.82 ft
Flow velocity Vn = 6.59 fps
Discharge Qn = 8.00 cfs
Percent of Full Flow Flow = 35.3% of full flow
Normal Depth Froude Number Frn = 1.48 supercritical

Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 1.58 radians
Critical flow area Ac = 1.58 sq ft
Critical top width Tc = 2.00 ft
Critical flow depth Yc = 1.01 ft
Critical flow velocity Vc = 5.05 fps
Critical Depth Froude Number Frc = 1.00

CIRCULAR CONDUIT FLOW (Normal & Critical Depth Computation)
BENT GRASS EAST COMMERCIAL FILING NO. 3
24" RCP  (DP-1)

MHFD-Culvert, Version 4.00 (May 2020)

118520-MHFD-Culvert_v4.0 24in, Pipe 5/6/2021, 12:29 PM



Project:
Pipe ID:

Design Information (Input)
Pipe Invert Slope So = 0.0100 ft/ft
Pipe Manning's n-value n = 0.0130
Pipe Diameter D = 24.00 inches
Design discharge Q = 10.00 cfs

1
Full-Flow Capacity (Calculated)  
Full-flow area Af = 3.14 sq ft
Full-flow wetted perimeter Pf = 6.28 ft
Half Central Angle Theta = 3.14 radians
Full-flow capacity Qf = 22.68 cfs

Calculation of Normal Flow Condition  
Half Central Angle (0<Theta<3.14) Theta = 1.50 radians
Flow area An = 1.43 sq ft
Top width Tn = 2.00 ft
Wetted perimeter Pn = 3.00 ft
Flow depth Yn = 0.93 ft
Flow velocity Vn = 6.99 fps
Discharge Qn = 10.00 cfs
Percent of Full Flow Flow = 44.1% of full flow
Normal Depth Froude Number Frn = 1.46 supercritical

Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 1.70 radians
Critical flow area Ac = 1.83 sq ft
Critical top width Tc = 1.98 ft
Critical flow depth Yc = 1.13 ft
Critical flow velocity Vc = 5.46 fps
Critical Depth Froude Number Frc = 1.00

CIRCULAR CONDUIT FLOW (Normal & Critical Depth Computation)
BENT GRASS EAST COMMERCIAL FILING NO. 3
24" RCP  (DP-1 & DP-2)

MHFD-Culvert, Version 4.00 (May 2020)

118520-MHFD-Culvert_v4.0 24in, Pipe 5/6/2021, 12:36 PM



Project:
Pipe ID:

Design Information (Input)
Pipe Invert Slope So = 0.0100 ft/ft
Pipe Manning's n-value n = 0.0130
Pipe Diameter D = 24.00 inches
Design discharge Q = 13.00 cfs

1
Full-Flow Capacity (Calculated)  
Full-flow area Af = 3.14 sq ft
Full-flow wetted perimeter Pf = 6.28 ft
Half Central Angle Theta = 3.14 radians
Full-flow capacity Qf = 22.68 cfs

Calculation of Normal Flow Condition  
Half Central Angle (0<Theta<3.14) Theta = 1.66 radians
Flow area An = 1.74 sq ft
Top width Tn = 1.99 ft
Wetted perimeter Pn = 3.31 ft
Flow depth Yn = 1.09 ft
Flow velocity Vn = 7.47 fps
Discharge Qn = 13.00 cfs
Percent of Full Flow Flow = 57.3% of full flow
Normal Depth Froude Number Frn = 1.41 supercritical

Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 1.87 radians
Critical flow area Ac = 2.16 sq ft
Critical top width Tc = 1.91 ft
Critical flow depth Yc = 1.30 ft
Critical flow velocity Vc = 6.03 fps
Critical Depth Froude Number Frc = 1.00

CIRCULAR CONDUIT FLOW (Normal & Critical Depth Computation)
BENT GRASS EAST COMMERCIAL FILING NO. 3
24" RCP  (DP-3)

MHFD-Culvert, Version 4.00 (May 2020)

118520-MHFD-Culvert_v4.0 24in, Pipe 5/6/2021, 12:38 PM



Project:
Pipe ID:

Design Information (Input)
Pipe Invert Slope So = 0.0100 ft/ft
Pipe Manning's n-value n = 0.0130
Pipe Diameter D = 30.00 inches
Design discharge Q = 22.00 cfs

1
Full-Flow Capacity (Calculated)  
Full-flow area Af = 4.91 sq ft
Full-flow wetted perimeter Pf = 7.85 ft
Half Central Angle Theta = 3.14 radians
Full-flow capacity Qf = 41.13 cfs

Calculation of Normal Flow Condition  
Half Central Angle (0<Theta<3.14) Theta = 1.61 radians
Flow area An = 2.58 sq ft
Top width Tn = 2.50 ft
Wetted perimeter Pn = 4.03 ft
Flow depth Yn = 1.30 ft
Flow velocity Vn = 8.52 fps
Discharge Qn = 22.00 cfs
Percent of Full Flow Flow = 53.5% of full flow
Normal Depth Froude Number Frn = 1.48 supercritical

Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 1.85 radians
Critical flow area Ac = 3.31 sq ft
Critical top width Tc = 2.40 ft
Critical flow depth Yc = 1.59 ft
Critical flow velocity Vc = 6.66 fps
Critical Depth Froude Number Frc = 1.00

CIRCULAR CONDUIT FLOW (Normal & Critical Depth Computation)
BENT GRASS EAST COMMERCIAL FILING NO. 3
30" RCP  (DP-4)

MHFD-Culvert, Version 4.00 (May 2020)

118520-MHFD-Culvert_v4.0 30in, Pipe 5/6/2021, 12:37 PM



 Sheet 1 of 3

Designer:

Company:

Date:

Project:

Location:

1. Basin Storage Volume

A) Effective Imperviousness of Tributary Area, Ia Ia = 90.0 %

B) Tributary Area's Imperviousness Ratio (i = Ia / 100 ) i = 0.900

C)  Contributing Watershed Area Area = 4.500  ac

D)  For Watersheds Outside of the Denver Region, Depth of Average d6 = 0.42  in
      Runoff Producing Storm

E)  Design Concept
     (Select EURV when also designing for flood control) 2

F)  Design Volume (WQCV) Based on 40-hour Drain Time VDESIGN=  ac-ft
      (VDESIGN = (1.0 * (0.91 * i3 - 1.19 * i2 + 0.78 * i) / 12 * Area )

G)  For Watersheds Outside of the Denver Region, VDESIGN OTHER= 0.147  ac-ft
      Water Quality Capture Volume (WQCV) Design Volume
      (VWQCV OTHER = (d6*(VDESIGN/0.43))

H)  User Input of Water Quality Capture Volume (WQCV) Design Volume VDESIGN USER=  ac-ft
      (Only if a different WQCV Design Volume is desired)

I)  NRCS Hydrologic Soil Groups of Tributary Watershed
       i)  Percentage of Watershed consisting of Type A Soils HSG A = 0 %
       ii)  Percentage of Watershed consisting of Type B Soils HSG B = 100 %
       iii)  Percentage of Watershed consisting of Type C/D Soils HSG C/D = 0 %

J)  Excess Urban Runoff Volume (EURV) Design Volume
       For HSG A: EURVA = 1.68 * i1.28 EURVDESIGN = 0.455  ac-f t
       For HSG B: EURVB = 1.36 * i1.08

       For HSG C/D: EURVC/D = 1.20 * i1.08

K)  User Input of Excess Urban Runoff Volume (EURV) Design Volume EURVDESIGN USER=  ac-f t
      (Only if a different EURV Design Volume is desired)

2. Basin Shape: Length to Width Ratio L : W = 2.0 : 1
(A basin length to width ratio of at least 2:1 will improve TSS reduction.)

3. Basin Side Slopes 

A)  Basin Maximum Side Slopes Z = 4.00  ft / ft
      (Horizontal distance per unit vertical, 4:1 or flatter preferred)

4. Inlet

A)  Describe means of providing energy dissipation at concentrated 
      inflow locations:

0.147
5. Forebay

A)  Minimum Forebay Volume VFMIN = 0.003  ac-ft
 (VFMIN = 2% of the WQCV)

B)  Actual Forebay Volume VF = 0.003  ac-ft

C) Forebay Depth
 (DF = 18 inch maximum) DF = 18.0  in

D) Forebay Discharge

       i) Undetained 100-year Peak Discharge Q100 = 22.00  cfs

       ii) Forebay Discharge Design Flow QF = 0.44  cfs
          (QF = 0.02 * Q100)

E) Forebay Discharge Design

F) Discharge Pipe Size (minimum 8-inches) Calculated DP = in

G) Rectangular Notch Width Calculated WN = 4.5  in

Flow too small for berm w/ pipe

Design Procedure Form:  Extended Detention Basin (EDB)

Bent Grass East Commercial Filing No. 3

Classic Consulting

November 4, 2020

Exist. Pond - Proposed Forebay for Commercial Development

Marc A. Whorton, P.E.

UD-BMP (Version 3.07, March 2018)

Choose One

Excess Urban Runoff Volume (EURV)

Choose One

Wall with Rect. Notch

Berm With Pipe

Water Quality Capture Volume (WQCV)

Wall with V-Notch Weir

217764 UD-BMP_v3.07 Entire Site.xlsm, EDB 11/4/2020, 12:08 PM



 

 
  

 

 

 

DEVELOPED DRAINAGE MAP 
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 PREVIOUS DRAINAGE MAP 

(BENT GRASS RESIDENTIAL FILING NO. 1) 
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