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I hereby affirm that this Phase III Drainage Report for Park Meadows – Mixed Use 

Development was prepared under my direct supervision in accordance with the provisions 

of the City of Lone Tree Storm Drainage Criteria for the owners thereof.  I understand that 

the City of Lone Tree does not and will not assume liability for drainage facilities designed 

by others. 

 

 

 

 

 

 

__________________________________ 

Mark A. West, P.E., C.F.M. 
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I. INTRODUCTION 

A. SITE LOCATION 

The Park Meadows – Mixed Use Development (Project) lies within Lot 4-A and 

Lot 21, of the Park Meadows Town Center Filing 1-A, 1st Amendment. The Project 

is situated in Section 3, Township 6 South, Range 67 West of the 6th Principal 

Meridian, Douglas County, Colorado.  A Vicinity Map is located in Appendix A of 

this report. 

The Project is bounded East County Line Road to the north, South Yosemite 

Street to the west, State Route 470 to the south, and by Highway 25 to the east.  

The Park Meadows Mall adjoins many other properties belonging to hotels, 

restaurants, and retail stores. 

B. SITE DESCRIPTION 

The Park Meadows – Mixed Use Development currently consists of approximately 

10.22 acres of existing parking lot. The parking lot has slopes of 1 – 4%, with 

existing storm sewers generally draining southward, toward detention basin A. 

The total area to be developed and total disturbed area is approximately 13.06- 

acres. There are no known irrigation facilities on, adjacent to, or otherwise 

impacting the Project. The Project site generally slopes to the southeast. 

According to the Natural Resources Conservation Service (NRCS) – Web Soil 

Survey, the underlying soils are primarily RmE Renohill-Buick complex which are 

classified as Hydrologic Group C/D (see Appendix A). 

The site lies within Flood Insurance Rate Map (FIRM) Community Panel Numbers 

08035C0034G (effective 3/16/2016), 08035C0053G (effective 2/17/2017), and 

C8035CC0061H. As shown on these maps in Appendix A, the Site/Project does 

not lie within a FEMA designated floodplain. 

C. PROPOSED PROJECT DESCRIPTION 

The Project will be developed as multi-family residential housing, retail, and 

structured parking in three main buildings. The proposed development will include 

several courtyards and numerous vehicle and pedestrian access pathways. 

Runoff will be conveyed by a series of proposed inlets and storm sewer to the 

existing storm outfall in the area. Detention Basin A, an existing detention system 

located south of the site, will manage and treat flows before discharging to the 

public system.  
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D. FLOOD HAZARD AND DRAINAGE STUDIES RELEVANT TO THE SITE 

The project area has previously been investigated in drainage reports for the 

original mall development and a subsequent expansion of the mall to the south. 

Reports are listed below: 

• Phase III Drainage Report for Park Meadows by Paller-Roberts 

Engineering, revised in April 1995. 

• Drainage Report for Park Meadows Mall Expansion, Douglas County, 

Colorado by National Survey and Engineering as revised November 2006. 

As previously noted, this Project is not included in any FEMA designated 

floodplain.   Relevant pages from previous studies are included in Appendix F. 

II. HISTORIC DRAINAGE SYSTEM 

A. MAJOR BASIN DESCRIPTION 

The 1995 Phase III Drainage Report for Park Meadows delineates major drainage 

basins within the development. This proposed Project lies within Drainage Area 

“A”, which per the existing drainage report encompasses the southeastern portion 

of the mall site along with development parcels south of Park Meadows Center 

Drive, and the Park Meadows Drive roadway itself.  This area contains a total of 

85.0-acres. Storm line “AA” collects runoff from the development area and 

conveys to Detention Basin “A”. 

The 2006 mall addition expanded the mall southward. To provide water quality, 

the developer modified Detention Basin “A” located south of Park Meadows 

Center Drive by adding a paved forebay, a trickle channel, a micropool, and a 

water quality outlet structure. Relevant pages from previous studies are included 

in Appendix F. 

The proposed Project lies within the Willow Creek Watershed as outlined in the 

Willow Creek, Little Dry Creek, and Greenwood Gulch Outfall Systems Planning 

Study prepared by CH2MHILL, dated February, 2010. Flows from Detention Pond 

A discharge via an existing 24” RCP southwest to an existing inlet and pipe along 

E-470. Flows then discharge south and west where they ultimately enter Willow 

Creek.  
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III. PROPOSED DRAINAGE SYSTEM 

A. CRITERIA 

The basis for design and analysis of the drainage system and drainage impacts 

for the Project are the Douglas County Storm Drainage Design and Technical 

Criteria Manual (Criteria), most recent updates; and the Urban Storm Drainage 

Criteria Manuals (Mile High Flood District, formerly known as Urban Drainage and 

Flood Control District), Volumes 1, 2 and 3. 

The total area of the Project to be developed is 10.22 acres. The Rational Method 

is appropriate and was used to calculate peak rates of stormwater runoff.  The 

design storms analyzed for this Project are the 5-year and 100-year for the initial 

and major storms, respectively.  The rainfall intensities of these storms were 

determined through use of the Douglas County Storm Drainage Design and 

Technical Criteria Manual. 

Results of hydrologic and hydraulic analysis are included within the appendix of 

this report.   

B. RUNOFF 

The proposed Project area is broken into six sub-basins with the prefix “R” and 

ten basins with the prefix “S”. Individual sub-basins are described in more detail 

below. 

Subbasin R1 (1.08-acres) is located on the rooftop of the proposed northernmost 

building.  It consists of rooftop surfaces.  Runoff from this subbasin will drain 

through downspouts and tie to the proposed storm sewer system routed to 

Detention Basin “A”. 

Subbasin R2 (0.22-acres) is located on the rooftop of the proposed northernmost 

building. It consists of rooftop surfaces. Runoff from this subbasin will flow through 

downspouts and tie into the proposed storm sewer system routed to Detention 

Basin “A”.  

Subbasin R3 (1.33-acres) is located on the north half of the rooftop of the 

proposed central building. It consists of rooftop surfaces. Runoff from this 

subbasin will flow through downspouts and tie into the proposed storm sewer 

system routed to Detention Basin “A”.  

Subbasin R4 (1.81-acres) is located on the south half of the rooftop of the 

proposed central building. It consists of rooftop surfaces. Runoff from this 
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subbasin will flow through downspouts and tie into the proposed storm sewer 

system routed to Detention Basin “A”. 

Subbasin R5 (0.68-acres) is located on the rooftop of the proposed southernmost 

building. It consists of rooftop surfaces. Runoff from this subbasin will flow through 

downspouts and tie into the proposed storm sewer system routed to Detention 

Basin “A”. 

Subbasin S1 (0.27-acres) is located on the street between the north and central 

buildings. It consists of asphalt, concrete, and grass surfaces. Runoff from this 

subbasin will flow through the proposed storm sewer system routed to Detention 

Basin “A”. 

Subbasin S2 (0.32-acres) is located on the street between the north and central 

buildings. It consists of asphalt, concrete, and grass surfaces. Runoff from this 

subbasin will flow through the proposed storm system routed to Detention Basin 

“A”.  

Subbasin S3 (0.60-acres) is located on the street at the northwest corner of the 

central building. It consists of asphalt, concrete, and grass surfaces. Runoff from 

this subbasin will flow through the proposed storm system routed to Detention 

Basin “A”. 

Subbasin S4 (0.58-acres) is located west of the northernmost building. It consists 

of only concrete surfaces. Runoff from this subbasin will flow through the 

proposed storm system routed to Detention Basin “A”. 

Subbasin S5 (0.54-acres) is located west of the northwest corner of the central 

building. It consists of only concrete surfaces. Runoff from this subbasin will flow 

through the proposed storm system routed to Detention Basin “A”. 

Subbasin S6 (0.60-acres) is located west of the central parking garage. It consists 

of only concrete surfaces. Runoff from this subbasin will flow through the 

proposed storm system routed to Detention Basin “A”. 

Subbasin S7 (0.45-acres) is located just south of the central parking garage. It 

consists of asphalt, concrete, and grass surfaces. Runoff from this subbasin will 

flow through the proposed storm system routed to Detention Basin “A”. 

Subbasin S8 (0.82-acres) is located just north of the southernmost building. It 

consists of asphalt, concrete, and grass surfaces. Runoff from this subbasin will 

flow through the proposed storm system routed to Detention Basin “A”. 
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Subbasin S9 (0.30-acres) is located south of the southernmost building. It 

consists of asphalt, concrete, and grass surfaces. Runoff from this subbasin will 

flow through the proposed storm system routed to Detention Basin “A”. 

Subbasin S10 (0.18-acres) is located on the edge of the site. It consists of 

asphalt, concrete, and grass surfaces. Runoff from this subbasin will flow through 

the proposed storm system routed to Detention Basin “A”. 

C. WATER QUALITY & DETENTION 

The area of the Project drains through storm lines A and B to the existing 

Detention Basin A which was designed to provide detention for the 85-acre 

contributing area. To accommodate the Water Quality Capture Volume (WQCV) 

and Excess Urban Runoff Volume (EURV), it is proposed that the outlet structure 

to Detention Basin “A” be replaced to update the structure and provide the 

required WQCV and EURV.  The update will involve providing the WQCV and 

EURV for the entire 85-acre area contributing to the pond.  A plan sheet detailing 

the revised outlet structure is included with the construction plans, and 

calculations for the revision utilizing the MHFD-Detention workbook are included 

in the appendix. 

D. STREETS 

Although the proposed Site has private drives and surface parking, no public 

streets are to be constructed internal to the Site. Inlets are proposed to intercept 

runoff and connect to pipes to convey the flow to the proposed on-site drainage 

facilities.   

Interception rates at all inlets have been calculated based on MHFD-Inlet (v5.01) 

spreadsheets; copies of these spreadsheet computations are included in the 

appendix.  The MHFD-Inlet spreadsheet calculation for local depression at a curb 

inlet assumes a 6-inch curb head.  Curb inlets are primarily located where the 

curb is only 4 inches tall; the 2-inch difference is, by default, put into the local 

depression.  Streets were designed to convey runoff in accordance with criteria for 

local streets. 

E. OPEN CHANNEL FLOW 

No open channels are proposed with this project.   

F. STORM SEWERS AND CULVERTS 

The on-site and off-site storm sewer systems have been designed in accordance 

with Douglas County’s criteria. Hydraulic grade lines for the minor and major 
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storms were generated utilizing Bentley StormCAD hydraulic modeling software.  

Output from the model is included in Appendix C. 

IV. CONCLUSIONS 

A. IMPACT OF IMPROVEMENTS 

All proposed onsite drainage infrastructure shown on the final drainage plan will 

be designed to convey the major storm event. 

B. COMPLIANCE WITH APPLICABLE CRITERIA 

All drainage infrastructure was designed in accordance with the Douglas County 

Storm Drainage Design and Technical Criteria Manual and Mile High Flood 

District Manuals. 

 
V. REFERENCES 

1. Douglas County Storm Drainage Design and Technical Criteria Manual, and 

Updates. 

2. Urban Storm Drainage Criteria Manual (USDCM), Mile High Flood District (MHFD, 

formerly known as Urban Drainage and Flood Control District, UDFCD) and 

Updates.  

Volume 1, Management, Hydrology and Hydraulics 

Volume 2, Structures, Storage and Recreation 

Volume 3, Stormwater Quality 

3. Phase III Drainage Report for Park Meadows by Paller-Roberts Engineering, 

revised in April 1995. 

4. Drainage Report for Park Meadows Mall Expansion, Douglas County, Colorado by 

National Survey and Engineering as revised November 2006. 

5. Willow Creek, Little Dry Creek, and Greenwood Gulch Outfall Systems Planning 

Study by CH2MHILL as prepared February 2010. 
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Castle Rock Area, Colorado

FoD—Fondis clay loam, 3 to 9 percent slopes

Map Unit Setting
National map unit symbol: jqyp
Elevation: 5,500 to 6,800 feet
Mean annual precipitation: 15 to 19 inches
Mean annual air temperature: 47 to 50 degrees F
Frost-free period: 120 to 135 days
Farmland classification: Not prime farmland

Map Unit Composition
Fondis and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Fondis

Setting
Landform: Ridges, buttes, mesas
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian deposits over coarse-silty outwash derived from arkose

Typical profile
H1 - 0 to 7 inches: clay loam
H2 - 7 to 24 inches: clay
H3 - 24 to 60 inches: sandy clay loam

Properties and qualities
Slope: 3 to 9 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 15 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 9.4 inches)

Interpretive groups
Land capability classification (irrigated): 4e
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Ecological site: R049XB208CO - Clayey Foothill
Hydric soil rating: No

Minor Components

Kutch
Percent of map unit: 5 percent
Hydric soil rating: No

Custom Soil Resource Report
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Englewood
Percent of map unit: 5 percent
Hydric soil rating: No

Denver
Percent of map unit: 4 percent
Hydric soil rating: No

Aquic haplustolls
Percent of map unit: 1 percent
Landform: Swales
Hydric soil rating: Yes

RmE—Renohill-Buick complex, 5 to 25 percent slopes

Map Unit Setting
National map unit symbol: jqzy
Elevation: 5,500 to 6,200 feet
Mean annual precipitation: 15 to 17 inches
Mean annual air temperature: 48 to 50 degrees F
Frost-free period: 120 to 135 days
Farmland classification: Not prime farmland

Map Unit Composition
Renohill and similar soils: 50 percent
Buick and similar soils: 30 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Renohill

Setting
Landform: Hills
Landform position (three-dimensional): Side slope, base slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Weathered, calcareous clayey shale

Typical profile
H1 - 0 to 3 inches: clay loam
H2 - 3 to 12 inches: clay loam
H3 - 12 to 24 inches: clay loam
H4 - 24 to 28 inches: unweathered bedrock

Properties and qualities
Slope: 5 to 25 percent
Depth to restrictive feature: 20 to 40 inches to paralithic bedrock
Drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)

Custom Soil Resource Report
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Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 15 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 4.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: D
Ecological site: R049XC202CO - Loamy Foothill 14-19 PZ
Hydric soil rating: No

Description of Buick

Setting
Landform: Hills
Landform position (three-dimensional): Base slope, side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian deposits over silty alluvium

Typical profile
H1 - 0 to 4 inches: loam
H2 - 4 to 15 inches: silty clay loam
H3 - 15 to 22 inches: loam
H4 - 22 to 60 inches: sandy clay loam

Properties and qualities
Slope: 5 to 8 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.60 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 10 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 9.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: C
Ecological site: R049XC202CO - Loamy Foothill 14-19 PZ
Hydric soil rating: No

Minor Components

Manzanola
Percent of map unit: 6 percent
Hydric soil rating: No

Satanta
Percent of map unit: 6 percent

Custom Soil Resource Report
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Hydric soil rating: No

Fondis
Percent of map unit: 6 percent
Hydric soil rating: No

Aquic haplustolls
Percent of map unit: 2 percent
Landform: Swales
Hydric soil rating: Yes

Custom Soil Resource Report
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IMPERVIOUSNESS AND RUNOFF COEFFICIENTS CALCULATIONS, PROPOSED DEVELOPMENT

CALC'D BY: AML PROJECT: Park Meadows

DATE: 11/07/22 PROJ. NO: 220407

NRCS Hydrologic Soil Group: C

LAND USE TYPES (per MHFD Table 6-3):

% Imp = 100% % Imp = 90% % Imp = 2%

SUB-BASIN Areas STREETS
ROOFS, DRIVES, 

PARKING, WALKS

LAWN, CLAY OR 

SANDY SOIL
% Imperv. Imperv. Acres C5= C100= C500=

S1 0.28 85.00% 0.24 0.73 0.83 0.81

S2 0.32 85.00% 0.27 0.73 0.83 0.81

S3 0.60 85.00% 0.51 0.73 0.83 0.81

S4 0.58 85.00% 0.49 0.73 0.83 0.81

S5 0.54 85.00% 0.46 0.73 0.83 0.81

S6 0.60 85.00% 0.51 0.73 0.83 0.81

S7 0.45 85.00% 0.38 0.73 0.83 0.81

S8 0.82 85.00% 0.70 0.73 0.83 0.81

S9 0.30 85.00% 0.26 0.73 0.83 0.81

S10 0.18 85.00% 0.15 0.73 0.83 0.81

R1 1.08 90.00% 0.97 0.77 0.85 0.82

R2 0.22 90.00% 0.20 0.77 0.85 0.82

R3 1.33 90.00% 1.20 0.77 0.85 0.82

R4 1.81 90.00% 1.63 0.77 0.85 0.82

R5 0.68 90.00% 0.61 0.77 0.85 0.82

L1 0.20 85.00% 0.17 0.73 0.83 0.81

L2 0.16 85.00% 0.14 0.73 0.83 0.81

L3 0.09 85.00% 0.08 0.73 0.83 0.81

X1 0.54 85.00% 0.46 0.73 0.83 0.81

X2 0.09 85.00% 0.08 0.73 0.83 0.81

X3 0.05 85.00% 0.04 0.73 0.83 0.81

X4 0.05 85.00% 0.04 0.73 0.83 0.81

OS1 0.19 90.00% 0.17 0.77 0.85 0.82

OS2 0.18 90.00% 0.16 0.77 0.85 0.82

OS3 0.17 90.00% 0.15 0.77 0.85 0.82

OS4 0.40 90.00% 0.36 0.77 0.85 0.82

OS5 0.82 90.00% 0.74 0.77 0.85 0.82

OS6 1.23 90.00% 1.11 0.77 0.85 0.82

MHFD criteria per August 2018 USDCM Vol. 1, check website for updates:

ACRES

LAWN, CLAY OR SANDY SOILSTREETS ROOFS, DRIVES, PARKING, WALKS

RUNOFF COEFFICIENTS

PER MHFD USDCM TABLE 6-

4



CALCULATED BY: AML JOB NO: 220407

CHECKED BY: <            > PROJECT: Park Meadows

DATE: REVISED: <                      >

 

FINAL REMARKS

5 < Tc < 1 0

SUB-BASIN AREA C5 LENGTH SLOPE Ti LENGTH SLOPE K VELOCITY Tt COMPOS. L t , TOTAL AVG Tc = 

(AC) (FT) % (MIN) (FT) % (FPS) (MIN) Tc = Ti + Tt (MIN) LENGTH SLOPE (MIN)

S1 0.28 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

S2 0.32 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

S3 0.60 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

S4 0.58 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

S5 0.54 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

S6 0.60 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

S7 0.45 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

S8 0.82 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

S9 0.30 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

S10 0.18 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

R1 1.08 0.77 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

R2 0.22 0.77 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

R3 1.33 0.77 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

R4 1.81 0.77 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

R5 0.68 0.77 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

L1 0.20 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

L2 0.16 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

L3 0.09 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

X1 0.54 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

X2 0.09 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

X3 0.05 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

X4 0.05 0.73 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

OS1 0.19 0.77 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

OS2 0.18 0.77 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

OS3 0.17 0.77 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

OS4 0.40 0.77 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

OS5 0.82 0.77 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

OS6 1.23 0.77 - - - - - - - - - - - - 5.0 Minimum Tc Assumed

Tc CHECK

(URBANIZED BASINS)TIME (Ti) (Tt)DATA

Standard Form SF-1

11/7/2022

Time of Concentration

INITIAL/OVERLANDSUB-BASIN TRAVEL TIME



1-HR Rainfall

Site Specific (NOAA Atlas 14 PPF Estimates) Douglas County Criteria

Return 1-hour Return 1-hour

Interval (YR) Rainfall Interval (YR) Rainfall 

WQ 0.60 WQ 0.60

1 0.694 1 unknown

2 0.842 2 1.060

5 1.10 5 1.43

10 1.34 10 1.66

25 1.69 25 unknown

50 1.98 50 2.26

100 2.29 100 2.60

500 3.10 500 unknown

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=co

(WQ per MHFD USDCM Vol 3, p 1-9 [29 of 577])



CALCULATED BY: AML Standard Form SF-2 (modified) JOB NO: 220407

DATE: 11/7/2022 Storm Drainage System Design PROJECT: Park Meadows

CHECKED BY: <            > (Rational Method Procedure) DESIGN STORM: 5 YR

PROJECT MANAGER: LE Proposed Development
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L1 0.20 0.73 5.00 0.15 3.73 0.55

S1 0.28 0.73 5.00 0.20 3.73 0.76

R1 1.08 0.77 5.00 0.83 3.73 3.11

S2 0.32 0.73 5.00 0.23 3.73 0.87

R1 + S2 1 5.0 1.07 3.73 3.99

L1 + S1 + DP1 2 5.0 1.42 3.73 5.30

R2 0.22 0.77 5.00 0.17 3.73 0.63

S4 0.58 0.73 5.00 0.42 3.73 1.58

R2 + S4 3 5.0 0.59 3.73 2.22

R3 1.33 0.77 5.00 1.03 3.73 3.84

S3 0.60 0.73 5.00 0.44 3.73 1.64

R3 + S3 4 5.0 1.47 3.73 5.47

DP2 + DP3 + DP4 5 5.0 3.48 3.73 12.99

OS1 0.19 0.77 5.00 0.15 3.73 0.55

DP5 + OS1 6 5.0 3.63 3.73 13.54

OS2 0.18 0.77 5.00 0.14 3.73 0.52

DP6 + OS2 7 5.0 3.77 3.73 14.06

OS3 0.17 0.77 5.00 0.13 3.73 0.49

DP7 + OS3 8 5.0 3.90 3.73 14.55

S5 0.54 0.73 5.00 0.40 3.73 1.47

DP8 + S5 9 5.0 4.30 3.73 16.03

OS4 0.40 0.77 5.00 0.31 3.73 1.15

DP9 + OS4 10 5.0 4.60 3.73 17.18

S6 0.60 0.73 5.00 0.44 3.73 1.64

DP10 + S6 11 5.0 5.04 3.73 18.82

OS5 0.82 0.77 5.00 0.63 3.73 2.36

DP11 + OS5 12 5.0 5.68 3.73 21.18

L2 0.16 0.73 5.00 0.12 3.73 0.44

R4 1.81 0.77 5.00 1.40 3.73 5.22

DIRECT RUNOFF TOTAL RUNOFF STREET (approx, compare to Inlet calcs) PIPE (for preliminary pipe design and travel time)INLET
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DIRECT RUNOFF TOTAL RUNOFF STREET (approx, compare to Inlet calcs) PIPE (for preliminary pipe design and travel time)INLET

S7 0.45 0.73 5.00 0.33 3.73 1.23

R4 + S7 13 5.0 1.73 3.73 6.45

S8 0.82 0.73 5.00 0.60 3.73 2.24

L2 + DP13 + S8 14 5.0 2.45 3.73 9.13

DP12 + DP14 15 5.0 8.1 3.73 30.31

R5 0.68 0.77 5.00 0.53 3.73 1.96

DP15 + R5 16 5.0 8.6 3.73 32.27

OS6 1.23 0.77 5.00 0.95 3.73 3.55

X2 0.09 0.73 5.00 0.07 3.73 0.25

X3 0.05 0.73 5.00 0.04 3.73 0.14

OS6 + X2 + X3 17 5.0 1.1 3.73 3.93

S9 0.30 0.73 5.00 0.22 3.73 0.82

S10 0.18 0.73 5.00 0.13 3.73 0.49

DP17 + S9 + S10 18 5.0 1.40 3.73 5.24

DP16 + DP18 19 5.0 10.1 3.73 37.51



CALCULATED BY: AML Standard Form SF-2 (modified) JOB NO: 220407

DATE: 11/7/2022 Storm Drainage System Design PROJECT: Park Meadows

CHECKED BY: <            > (Rational Method Procedure) DESIGN STORM: 100 YR

PROJECT MANAGER: LE Proposed Development
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L1 0.20 0.83 5.00 0.17 7.77 1.29

S1 0.28 0.83 5.00 0.23 7.77 1.81

R1 1.08 0.85 5.00 0.92 7.77 7.16

S2 0.32 0.83 5.00 0.27 7.77 2.07

R1 + S2 1 5.0 1.19 7.77 9.22

L1 + S1 + DP1 2 5.0 1.59 7.77 12.33

R2 0.22 0.85 5.00 0.19 7.77 1.46

S4 0.58 0.83 5.00 0.48 7.77 3.75

R2 + S4 3 5.0 0.67 7.77 5.21

R3 1.33 0.85 5.00 1.13 7.77 8.81

S3 0.60 0.83 5.00 0.50 7.77 3.88

R3 + S3 4 5.0 1.63 7.77 12.69

DP2 + DP3 + DP4 5 5.0 3.89 7.77 30.23

OS1 0.19 0.85 5.00 0.16 7.77 1.26

DP5 + OS1 6 5.0 4.05 7.77 31.49

OS2 0.18 0.85 5.00 0.15 7.77 1.19

DP6 + OS2 7 5.0 4.21 7.77 32.68

OS3 0.17 0.85 5.00 0.15 7.77 1.13

DP7 + OS3 8 5.0 4.35 7.77 33.81

S5 0.54 0.83 5.00 0.45 7.77 3.49

DP8 + S5 9 5.0 4.80 7.77 37.30

OS4 0.40 0.85 5.00 0.34 7.77 2.65

DP9 + OS4 10 5.0 5.14 7.77 39.95

S6 0.60 0.83 5.00 0.50 7.77 3.88

DP10 + S6 11 5.0 5.64 7.77 43.83

OS5 0.82 0.85 5.00 0.70 7.77 5.43

DP11 + OS5 12 5.0 6.34 7.77 49.26

L2 0.16 0.83 5.00 0.13 7.77 1.03

R4 1.81 0.85 5.00 1.54 7.77 11.99

S7 0.45 0.83 5.00 0.37 7.77 2.91

R4 + S7 13 5.0 1.92 7.77 14.90

S8 0.82 0.83 5.00 0.68 7.77 5.30

L2 + DP13 + S8 14 5.0 2.73 7.77 21.24

DP12 + DP14 15 5.0 9.1 7.77 70.50

R5 0.68 0.85 5.00 0.58 7.77 4.51

DP15 + R5 16 5.0 9.7 7.77 75.01

OS6 1.23 0.85 5.00 1.05 7.77 8.15

DIRECT RUNOFF TOTAL RUNOFF STREET (approx, compare to Inlet calcs) PIPE (for preliminary pipe design and travel time)INLET



 

SUB-BASIN(s) D
E

S
IG

N
 P

O
IN

T
 (

D
P

)

A
R

E
A

 (
A

C
)

R
U

N
O

F
F

 C
O

E
F

F

T
c
 (

m
in

)

C
 x

 A
 (

A
C

)

I 
(I

N
/H

R
)

Q
 (

C
F

S
)

T
c
 (

M
IN

)

Σ(
C

 x
 A

) 
(A

C
)

I 
(I

N
/H

R
)

Q
 (

C
F

S
)

S
L
O

P
E

 (
%

)

S
T

R
E

E
T

 F
L
O

W
 (

C
F

S
)

C
A

P
A

C
IT

Y
: 

1
/2

 S
T

R
E

E
T

 

(T
O

 L
E

S
S

E
R

 O
F

 F
A

C
E

 

O
F

 W
A

L
K

 O
R

 C
R

O
W

N
),

A
L
L
E

Y
 (

F
U

L
L
 S

E
C

T
IO

N
)

(C
F

S
)

IN
L
E

T
 I

N
T

E
R

C
E

P
T

IO
N

 

(C
F

S
)

B
Y

P
A

S
S

 (
C

F
S

)

D
E

S
IG

N
 F

L
O

W
 (

C
F

S
)

S
L
O

P
E

 (
%

)

P
IP

E
 S

IZ
E

 (
IN

)

 Q
F

U
L
L
 (

C
F

S
) 

L
E

N
G

T
H

 (
F

T
)

V
E

L
O

C
IT

Y
 (

F
P

S
)

T
t 
(m

in
)

DIRECT RUNOFF TOTAL RUNOFF STREET (approx, compare to Inlet calcs) PIPE (for preliminary pipe design and travel time)INLET

X2 0.09 0.83 5.00 0.07 7.77 0.58

X3 0.05 0.83 5.00 0.04 7.77 0.32

OS6 + X2 + X3 17 5.0 1.2 7.77 9.05

S9 0.30 0.83 5.00 0.25 7.77 1.94

S10 0.18 0.83 5.00 0.15 7.77 1.16

DP17 + S9 + S10 18 5.0 1.57 7.77 12.16

DP16 + DP18 19 5.0 11.2 7.77 87.16
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Phase III Drainage Report 

Appendix C 

 

APPENDIX C 

Hydraulic Calculations 

  



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 5.0 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 = 0.013

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 13.0 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 = 0.075 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 = 13.0 13.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 6.5 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

 

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 = 4.4 4.4 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

Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = 0.43 0.43

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) = 3.30 3.30

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) = N/A N/A feet

Height of Vertical Curb Opening in Inches Hvert = N/A N/A inches

Height of Curb Orifice Throat in Inches Hthroat = N/A N/A inches

Angle of Throat (see USDCM Figure ST-5) Theta = N/A N/A degrees

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

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

Curb Opening Weir Coefficient (typical value 2.3-3.7) Cw (C) = N/A N/A

Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = N/A N/A

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = 0.400 0.400 ft

Depth for Curb Opening Weir Equation dCurb = N/A N/A ft

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

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

Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = 0.52 0.52

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 1.8 1.8 cfs

Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 0.8 1.8 cfs

MHFD-Inlet, Version 5.01 (April 2021)

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

Park Meadows Mall Expansion

S1

CDOT/Denver 13 Valley Grate

INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 5.01 (April 2021)

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

CDOT/Denver 13 Valley Grate

Override Depths

1



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 5.0 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 = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 13.0 ft

Warning 1 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 = 0.075 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 = 13.0 13.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 6.5 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

 

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 = 1 1

Water Depth at Flowline (outside of local depression) Ponding Depth = 4.4 4.4 inches

Grate Information MINOR MAJOR

Length of a Unit Grate Lo (G) = 15.00 15.00 feet

Width of a Unit Grate Wo = 1.73 1.73 feet

Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = 0.43 0.43

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) = 3.30 3.30

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) = N/A N/A feet

Height of Vertical Curb Opening in Inches Hvert = N/A N/A inches

Height of Curb Orifice Throat in Inches Hthroat = N/A N/A inches

Angle of Throat (see USDCM Figure ST-5) Theta = N/A N/A degrees

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

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

Curb Opening Weir Coefficient (typical value 2.3-3.7) Cw (C) = N/A N/A

Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = N/A N/A

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = 0.400 0.400 ft

Depth for Curb Opening Weir Equation dCurb = N/A N/A ft

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

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

Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = 0.42 0.42

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 2.3 2.3 cfs

Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 0.9 2.1 cfs

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

Park Meadows Mall Expansion

S2

CDOT/Denver 13 Valley Grate

INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 5.01 (April 2021)

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

CDOT/Denver 13 Valley Grate

Override Depths

1



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 10.0 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 = 0.013

Height of Curb at Gutter Flow Line HCURB = 5.00 inches

Distance from Curb Face to Street Crown TCROWN = 13.0 ft

Gutter Width W = 2.00 ft

Street Transverse Slope SX = 0.048 ft/ft

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.075 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 = 13.0 13.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 5.0 9.0 inches

Check boxes are not applicable in SUMP conditions

 

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 = 1 1

Water Depth at Flowline (outside of local depression) Ponding Depth = 5.0 8.1 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

Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = 0.43 0.43

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) = 3.30 3.30

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) = N/A N/A feet

Height of Vertical Curb Opening in Inches Hvert = N/A N/A inches

Height of Curb Orifice Throat in Inches Hthroat = N/A N/A inches

Angle of Throat (see USDCM Figure ST-5) Theta = N/A N/A degrees

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

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

Curb Opening Weir Coefficient (typical value 2.3-3.7) Cw (C) = N/A N/A

Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = N/A N/A

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = 0.446 0.702 ft

Depth for Curb Opening Weir Equation dCurb = N/A N/A ft

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

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

Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = 0.78 1.00

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 1.7 4.1 cfs

Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 1.3 3.1 cfs

MHFD-Inlet, Version 5.01 (April 2021)

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

Park Meadows Mall Expansion

S6

CDOT/Denver 13 Valley Grate

INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 5.01 (April 2021)

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

CDOT/Denver 13 Valley Grate

Override Depths

1



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 10.0 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 = 0.013

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 13.0 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 = 0.075 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 = 13.0 13.0 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 based on Depth Criterion Minor Storm Major Storm

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

 

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 = 3 3

Water Depth at Flowline (outside of local depression) Ponding Depth = 4.4 4.4 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

Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = 0.43 0.43

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) = 3.30 3.30

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 = 0.400 0.400 ft

Depth for Curb Opening Weir Equation dCurb = 0.22 0.22 ft

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = 0.42 0.42

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 0.86 0.86

Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = 0.42 0.42

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 2.9 2.9 cfs

Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 1.2 2.9 cfs

MHFD-Inlet, Version 5.01 (April 2021)

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

Park Meadows Mall Expansion

S7

CDOT/Denver 13 Combination

INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 5.01 (April 2021)
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Override Depths
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Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 10.0 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 = 0.013

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 13.0 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 = 0.075 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 = 13.0 13.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 6.5 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

 

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 = 4.4 4.4 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) = 20.00 20.00 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 = 0.22 0.22 ft

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = 0.42 0.42

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 0.68 0.68

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

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 5.7 5.7 cfs

Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 2.2 5.3 cfs

MHFD-Inlet, Version 5.01 (April 2021)

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

Park Meadows Mall Expansion

S8

CDOT Type R Curb Opening

INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 5.01 (April 2021)

H-Vert
H-Curb

W
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CDOT Type R Curb Opening

Override Depths
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Analysis of Trapezoidal Grass-Lined Channel Using SCS Method
NRCS Vegetal Retardance (A, B, C, D, or E) A, B, C, D, or E =

Manning's n (Leave cell D16 blank to manually enter an n value) n = 0.016

Channel Invert Slope SO = 0.0244 ft/ft

Bottom Width B = 2.00 ft

Left Side Slope Z1 = 26.25 ft/ft

Right Side Sloe Z2 = 33.67 ft/ft

Check one of the following soil types:

          Soil Type:               Max. Velocity (VMAX)          Max Froude No. (FMAX)

      Non-Cohesive                     5.0 fps                                   0.60

          Cohesive                        7.0 fps                                   0.80

            Paved                            N/A                                      N/A

Minor Storm Major Storm

Maximum Allowable Top Width of Channel for Minor & Major Storm TMAX = 52.50 52.50 ft

Maximum Allowable Water Depth in Channel for Minor & Major Storm dMAX = 0.50 0.50 ft

Allowable Channel Capacity Based On Channel Geometry Minor Storm Major Storm

MINOR STORM Allowable Capacity is based on Depth Criterion Qallow = 51.0 51.0 cfs

MAJOR STORM Allowable Capacity is based on Depth Criterion dallow = 0.50 0.50 ft

Water Depth in Channel Based On Design Peak Flow
Design Peak Flow Qo = 0.8 1.9 cfs

Water Depth d = 0.09 0.13 ft

Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

MHFD-Inlet, Version 5.01 (April 2021)

AREA INLET IN A SWALE

Park Meadows Mall Expansion

S9

This worksheet uses the NRCS vegetal 

retardance method to determine 

Manning's n.

  

For more information see 

Section 7.2.3 of the USDCM.

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Choose One:

Non-Cohesive

Cohesive

Paved

MHFD-Inlet_v5.01.xlsm, S9 11/10/2022, 7:57 PM



MHFD-Inlet, Version 5.01 (April 2021)

AREA INLET IN A SWALE

Park Meadows Mall Expansion

S9

Inlet Design Information (Input)
Type of Inlet Inlet Type =

Angle of Inclined Grate (must be <= 30 degrees) θ = 0.00 degrees

Width of Grate W = 3.00 ft

Length of Grate L = 6.00 ft

Open Area Ratio ARATIO = 0.70

Height of Inclined Grate HB = 0.00 ft

Clogging Factor Cf = 0.38

Grate Discharge Coefficient Cd = 0.78

Orifice Coefficient Co = 0.52

Weir Coefficient Cw = 1.67

MINOR MAJOR

Water Depth at Inlet (for depressed inlets, 1 foot is added for depression) d = 0.09 0.13

Total Inlet Interception Capacity (assumes clogged condition) Qa = 0.7 1.3 cfs

Bypassed Flow Qb = 0.1 0.6 cfs

Capture Percentage = Qa/Qo C% = 91 69 %

CDOT Type D (In Series)CDOT Type D (In Series)

MHFD-Inlet_v5.01.xlsm, S9 11/10/2022, 7:57 PM



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 10.0 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 = 13.0 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 = 0.024 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.013

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

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

Allow Flow Depth at Street Crown (check box for yes, leave blank for no)

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

MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 10.8 10.8 cfs

 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a') aLOCAL = 2.0 2.0 inches

Total Number of Units in the Inlet (Grate or Curb Opening) No = 3 3

Length of a Single Unit Inlet (Grate or Curb Opening) Lo = 3.00 3.00 ft

Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = 1.73 1.73 ft

Clogging Factor  for a Single Unit Grate (typical min. value = 0.5) Cf-G = 0.50 0.50

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf-C = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity' MINOR MAJOR

Total Inlet Interception Capacity Q = 0.5 1.2 cfs

Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.0 0.0 cfs

Capture Percentage = Qa/Qo = C% = 100 99 %

MHFD-Inlet, Version 5.01 (April 2021)

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

Park Meadows Mall Expansion

S10

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

INLET ON A CONTINUOUS GRADE
MHFD-Inlet, Version 5.01 (April 2021)

Denver No. 16 Combination
Denver No. 16 Combination

1



Active Scenario:  100 YR

Scenario:  100 YR

Park Meadows Mall Expansion
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Active Scenario:  100 YR

FlexTable: Conduit Table

Park Meadows Mall Expansion

Area (Flow)
(ft²)

Manning's nElevation 
Ground (Stop)

(ft)

Elevation 
Ground (Start)

(ft)

Velocity
(ft/s)

Hydraulic 
Grade Line 

(Out)
(ft)

Hydraulic 
Grade Line (In)

(ft)

Capacity (Full 
Flow)
(cfs)

System Known 
Flow
(cfs)

Slope 
(Calculated)

(ft/ft)

Invert 
(Stop)

(ft)

Invert (Start)
(ft)

Diameter
(in)

Length 
(Unified)

(ft)

Stop NodeStart NodeLabelID

0.50.0135,863.415,864.406.935,856.385,858.805.043.490.0205,855.585,858.0012.0120.9BB1BB2BB-2124

0.10.0135,862.115,862.1110.925,856.455,856.4313.771.260.1495,850.175,855.9612.038.8B9EX RD5EX RD-5159

0.10.0135,862.115,862.1111.315,856.015,856.7614.841.190.1735,849.225,856.3012.040.8B8EX RD4EX RD-4160

0.10.0135,862.455,862.4512.205,855.755,856.7516.841.130.2235,848.575,856.3012.034.6B7EX RD3EX RD-3161

0.20.0135,862.615,862.6116.895,855.175,857.0018.762.650.2775,848.005,856.3012.029.9B5EX RD2EX RD-2162

0.40.0125,860.705,861.6315.185,852.465,857.2037.745.430.1105,852.055,856.3018.038.6B1EX RD1EX RD-169

0.30.0135,859.835,862.970.585,859.835,859.8610.501.030.0105,849.565,852.3118.0275.4A5A6A-673

0.90.0135,861.275,861.702.955,857.865,857.9210.385.210.0105,854.365,854.5618.020.5B10BC2BC-286

1.80.0135,860.115,859.8312.025,851.985,855.2710.4821.240.0105,848.565,849.3618.080.4A4A5A-591

0.40.0135,859.725,859.791.025,858.535,858.5410.281.810.0105,856.075,856.2418.017.8B12BD1BD-195

0.90.0135,861.705,859.202.955,858.055,858.0610.175.210.0095,854.565,854.6118.05.3BC2BC3BC-396

1.40.0135,856.785,854.996.705,851.135,851.3010.539.050.0105,849.675,850.1418.046.8C1C2C-299

0.30.0135,856.785,855.943.915,851.035,851.0310.501.160.0105,849.875,849.9318.06.0C1CA2CA-2100

0.40.0135,856.785,855.894.525,851.045,851.0410.441.940.0105,849.875,850.0618.019.3C1CA1CA-1101

1.30.0135,854.995,855.346.715,851.325,851.6510.549.050.0105,850.245,850.4918.024.8C2EX1C-3102

0.80.0135,862.665,863.411.975,856.325,856.387.433.490.0055,853.415,853.7118.059.9B6BB1BB-1122

1.80.0135,856.765,856.786.885,850.645,851.0310.5812.160.0105,849.325,849.5718.024.7A0C1C-1129

1.30.0135,861.275,861.403.925,857.675,857.8430.3212.330.0185,851.215,852.2624.058.4B10B11B-1179

1.40.0135,861.405,859.723.925,857.915,858.4630.2312.330.0185,852.265,855.5324.0183.1B11B12B-1280

0.70.0135,861.135,860.981.245,854.315,854.3122.793.880.0105,849.955,850.0124.05.9B3BA1BA-184

1.70.0135,861.275,860.874.045,857.865,857.9023.0112.690.0105,853.615,853.7224.010.6B10BC1BC-185

0.90.0135,859.835,859.981.695,856.535,856.5322.725.300.0105,849.565,849.6624.09.9A5AA1AA-192

2.00.0135,859.835,859.904.745,859.135,859.2222.3914.900.0105,849.565,849.7624.020.4A5AA2AA-293

1.40.0135,859.725,859.802.935,858.535,858.5522.269.220.0105,856.075,856.1524.08.3B12BD2BD-294

4.90.0135,861.325,862.618.145,854.405,855.1728.8839.950.0055,847.195,847.5930.080.7B4B5B-575

2.80.0135,862.115,861.276.165,856.945,857.3450.3230.230.0155,850.105,851.2130.073.7B9B10B-1078

4.90.0135,861.395,861.139.955,852.455,852.9229.3748.830.0055,846.605,846.7730.033.2B2B3B-381

4.90.0135,861.135,861.327.235,853.625,853.9628.6435.470.0055,846.875,847.0930.045.1B3B4B-483

3.10.0135,862.455,862.116.665,855.755,856.0148.2232.680.0145,848.555,849.1130.040.5B7B8B-8125

3.60.0135,862.615,862.667.605,855.175,855.2645.9737.300.0135,847.695,847.8230.010.4B5B6B-6148

3.00.0135,862.115,862.116.425,856.015,856.3948.1431.490.0145,849.115,850.0030.064.6B8B9B-9153

3.20.0135,862.665,862.456.895,855.445,855.7548.4033.810.0145,847.925,848.5530.045.2B6B7B-7154

7.10.0135,860.705,861.397.245,851.755,852.2947.2951.210.0055,846.045,846.5036.091.5B1B2B-282

6.50.0135,860.115,860.706.975,851.325,851.7047.2549.260.0055,845.595,845.9436.069.7A4B1B-187

7.10.0135,860.935,860.069.265,849.325,850.4547.1965.420.0055,844.585,845.1736.0117.9A2A3A-388

7.10.0135,856.705,860.939.265,847.205,849.0147.1065.420.0055,843.545,844.4836.0188.5A1A2A-289

7.10.0135,860.065,860.119.975,850.685,851.1747.1570.500.0055,845.275,845.4936.044.0A3A4A-490

7.10.0135,856.765,856.7010.615,846.115,846.5147.2675.010.0055,843.325,843.4436.023.9A0A1A-197

6.20.0135,862.005,856.7613.425,845.855,846.1183.2082.660.0165,843.175,843.3236.09.6OUTFALLA0EX-OUTLET174
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Active Scenario:  5 YR

Profile Report

Engineering Profile - LINE A (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion

5,840.00

5,845.00

5,850.00

5,855.00

5,860.00

5,865.00

-0+50 0+00 0+50 1+00 1+50 2+00 2+50 3+00 3+50 4+00 4+50 5+00 5+50 6+00 6+50 7+00 7+50

Station (ft)

E
le

va
tio

n
 (

ft)

A5
Rim: 5,859.83 ft
Invert: 5,849.36 ft

A3
Rim: 5,860.06 ft

Invert: 5,845.17 ft

A4
Rim: 5,860.11 ft
Invert: 5,845.49 ft

A2
Rim: 5,860.93 ft
Invert: 5,844.48 ft

A6
Rim: 5,862.97 ft
Invert: 5,852.31 ft

A0
Rim: 5,856.76 ft

Invert: 5,843.32 ft

A1
Rim: 5,856.70 ft
Invert: 5,843.44 ft

OUTFALL
Rim: 5,862.00 ft
Invert: 5,842.17 ft

EX-OUTLET: 9.6 ft @ 0.016 ft/ft

Circle - 36.0 in 

A-1: 23.9 ft @ 0.005 ft/ft

 RCP

A-5: 80.4 ft @ 0.010 ft/ft

Circle - 18.0 in RCP

A-4: 44.0 ft @ 0.005 ft/ft

 RCP

A-2: 188.5 ft @ 0.005 ft/ft

 RCP

A-3: 117.9 ft @ 0.005 ft/ft

 RCP

A-6: 275.4 ft @ 0.010 ft/ft

 RCP
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Active Scenario:  5 YR

Profile Report

Engineering Profile - LINE AA (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion

5,845.00

5,850.00

5,855.00

5,860.00

-0+50 0+00 0+50

Station (ft)

E
le

va
tio

n
 (

ft)

A5
Rim: 5,859.83 ft
Invert: 5,849.36 ft

AA2
Rim: 5,859.90 ft
Invert: 5,849.76 ft

AA1
Rim: 5,859.98 ft

Invert: 5,849.66 ft

AA-2: 20.4 ft @ 0.010 ft/ft

 RCP

AA-1: 9.9 ft @ 0.010 ft/ft RCP
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Active Scenario:  5 YR

Profile Report

Engineering Profile - LINE B (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion

5,840.00

5,845.00

5,850.00

5,855.00

5,860.00

5,865.00

-0+50 0+00 0+50 1+00 1+50 2+00 2+50 3+00 3+50 4+00 4+50 5+00 5+50 6+00 6+50 7+00 7+50 8+00

Station (ft)

E
le

va
tio

n
 (

ft)

B12
Rim: 5,859.72 ft

Invert: 5,855.53 ft

A4
Rim: 5,860.11 ft

Invert: 5,845.49 ft

B1
Rim: 5,860.70 ft

Invert: 5,845.94 ft

B10
Rim: 5,861.27 ft
Invert: 5,851.21 ft

B3
Rim: 5,861.13 ft
Invert: 5,846.77 ft

B4
Rim: 5,861.32 ft
Invert: 5,847.09 ft

B2
Rim: 5,861.39 ft

Invert: 5,846.50 ft

B11
Rim: 5,861.40 ft
Invert: 5,852.26 ft

B9
Rim: 5,862.11 ft
Invert: 5,850.00 ft

B6
Rim: 5,862.66 ft
Invert: 5,847.82 ft

B5
Rim: 5,862.61 ft

Invert: 5,847.59 ft

B8
Rim: 5,862.11 ft
Invert: 5,849.09 ft

B7
Rim: 5,862.45 ft
Invert: 5,848.55 ft

B-7: 45.2 ft @ 0.014 ft/ft

Circle - 30.0 in 

B-6: 10.4 ft @
 0.013 ft/ft

Circle - 30.0 in  

B-9: 64.6 ft @ 0.014 ft/ft

Circle - 30.0 in 

B-1: 69.7 ft @ 0.005 ft/ft

Circle - 36.0 in RCP
B-4: 45.1 ft @ 0.005 ft/ft

 RCP

B-2: 91.5 ft @ 0.005 ft/ft

Circle - 36.0 in RCP
B-3: 33.2 ft @ 0.005 ft/ft

 RCP

B-12: 183.1 ft @ 0.018 ft/ft

Circle - 24.0 in RCP

B-11: 58.4 ft @ 0.018 ft/ft

Circle - 24.0 in RCP

B-10: 73.7 ft @ 0.015 ft/ft

Circle - 30.0 in RCP

B-5: 80.7 ft @ 0.005 ft/ft

Circle - 30.0 in RCP
B-8: 40.5 ft @ 0.014 ft/ft

Circle - 30.0 in 

Page 1 of 176 Watertown Road, Suite 2D  Thomaston, CT 06787  USA  +1-203-755-16663/20/2023

StormCAD
[10.03.04.53]Bentley Systems, Inc.  Haestad Methods Solution Center220407 - Storm Network Model_new.stsw



Active Scenario:  5 YR

Profile Report

Engineering Profile - LINE BA (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion

5,845.00

5,850.00

5,855.00

5,860.00

5,865.00

-0+50 0+00 0+50

Station (ft)

E
le

va
tio

n
 (
ft)

B3
Rim: 5,861.13 ft

Invert: 5,846.77 ft
BA1
Rim: 5,860.98 ft
Invert: 5,850.01 ft

BA-1: 5.9 ft @
 0.010 ft/ft

 RCP
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Active Scenario:  5 YR

Profile Report

Engineering Profile - LINE BB (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion

5,845.00

5,850.00

5,855.00

5,860.00

5,865.00

-0+50 0+00 0+50 1+00 1+50 2+00

Station (ft)

E
le

va
tio

n
 (

ft)

B6
Rim: 5,862.66 ft
Invert: 5,847.82 ft

BB1
Rim: 5,863.41 ft
Invert: 5,853.71 ft

BB2
Rim: 5,864.40 ft
Invert: 5,858.00 ft

BB-2: 120.9 ft @ 0.020 ft/ft

Circle - 12.0 in  

BB-1: 59.9 ft @ 0.005 ft/ft

Circle - 18.0 in 
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Active Scenario:  5 YR

Profile Report

Engineering Profile - LINE BC (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion

5,850.00

5,855.00

5,860.00

5,865.00

-0+50 0+00 0+50

Station (ft)

E
le
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tio

n
 (

ft)

BC1
Rim: 5,860.87 ft

Invert: 5,853.72 ft

B10
Rim: 5,861.27 ft

Invert: 5,851.21 ft

BC3
Rim: 5,859.20 ft
Invert: 5,854.61 ft

BC2
Invert: 5,854.56 ft

BC-3: 5.3 ft @ 0.009 ft/ft
Circle - 18.0 in HDPE

BC-2: 20.5 ft @ 0.010 ft/ft

Circle - 18.0 in HDPE

BC-1: 10.6 ft @ 0.010 ft/ft RCP
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Active Scenario:  5 YR

Profile Report

Engineering Profile - LINE BD (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion

5,850.00

5,855.00

5,860.00

-0+50 0+00 0+50

Station (ft)

E
le

va
tio

n
 (

ft)
BD1

Rim: 5,859.79 ft
Invert: 5,855.61 ft

BD2
Rim: 5,859.80 ft
Invert: 5,856.15 ft

B12
Rim: 5,859.72 ft
Invert: 5,855.53 ft

BD-1: 17.8 ft @ 0.010 ft/ft RCP

BD-2: 8.3 ft @ 0.010 ft/ft

 RCP

Page 1 of 176 Watertown Road, Suite 2D  Thomaston, CT 06787  USA  +1-203-
755-1666

3/20/2023

StormCAD
[10.03.04.53]Bentley Systems, Inc.  Haestad Methods Solution Center220407 - Storm Network Model_new.stsw



Active Scenario:  5 YR

Profile Report

Engineering Profile - LINE C (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion

5,840.00

5,845.00

5,850.00

5,855.00

5,860.00

-0+50 0+00 0+50 1+00

Station (ft)

E
le

va
tio

n
 (

ft)

A0
Rim: 5,856.76 ft

Invert: 5,843.32 ft EX1
Rim: 5,855.34 ft
Invert: 5,850.49 ft

C2
Rim: 5,854.99 ft

Invert: 5,850.14 ft

C1
Rim: 5,856.78 ft

Invert: 5,849.36 ft

C-3: 24.8 ft @ 0.010 ft/ft

 RCP

C-2: 46.8 ft @ 0.010 ft/ft

 RCP

C-1: 24.7 ft @ 0.010 ft/ft

Circle - 18.0 in 
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Active Scenario:  5 YR

Profile Report

Engineering Profile - LINE CA (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion

5,845.00

5,850.00

5,855.00

5,860.00

-0+50 0+00 0+50

Station (ft)

E
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tio

n
 (

ft)

CA1
Rim: 5,855.89 ft
Invert: 5,850.06 ft

CA2
Rim: 5,855.94 ft

Invert: 5,849.93 ft

C1
Rim: 5,856.78 ft
Invert: 5,849.36 ft

CA-1: 19.3 ft @ 0.010 ft/ft

 RCP
CA-2: 6.0 ft @ 0.010 ft/ft

 RCP
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Active Scenario:  5 YR

Profile Report

Engineering Profile - LINE EX RD1 (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion
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n
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Rim: 5,861.63 ft
Invert: 5,856.30 ft

B1
Rim: 5,860.70 ft

Invert: 5,845.94 ft
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Active Scenario:  5 YR

Profile Report

Engineering Profile - LINE EX RD2 (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion
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Station (ft)

E
le

va
tio

n
 (
ft)

B5
Rim: 5,862.61 ft
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Active Scenario:  5 YR

Profile Report

Engineering Profile - LINE EX RD3 (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion
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B7
Rim: 5,862.45 ft

Invert: 5,848.55 ft

EX RD3
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Invert: 5,856.30 ft
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Active Scenario:  5 YR

Profile Report

Engineering Profile - LINE EX RD4 (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion
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Rim: 5,862.11 ft
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Active Scenario:  5 YR

Profile Report

Engineering Profile - LINE EX RD5 (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion
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Rim: 5,862.11 ft

Invert: 5,850.00 ft
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Rim: 5,862.11 ft
Invert: 5,855.96 ft
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Active Scenario:  100 YR

Profile Report

Engineering Profile - LINE A (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion

5,840.00

5,845.00

5,850.00

5,855.00

5,860.00

5,865.00

-0+50 0+00 0+50 1+00 1+50 2+00 2+50 3+00 3+50 4+00 4+50 5+00 5+50 6+00 6+50 7+00 7+50

Station (ft)

E
le

va
tio

n
 (

ft)

A5
Rim: 5,859.83 ft
Invert: 5,849.36 ft

A3
Rim: 5,860.06 ft

Invert: 5,845.17 ft

A4
Rim: 5,860.11 ft
Invert: 5,845.49 ft

A2
Rim: 5,860.93 ft
Invert: 5,844.48 ft

A6
Rim: 5,862.97 ft
Invert: 5,852.31 ft

A0
Rim: 5,856.76 ft

Invert: 5,843.32 ft

A1
Rim: 5,856.70 ft
Invert: 5,843.44 ft

OUTFALL
Rim: 5,862.00 ft
Invert: 5,842.17 ft

EX-OUTLET: 9.6 ft @ 0.016 ft/ft

Circle - 36.0 in 

A-1: 23.9 ft @ 0.005 ft/ft

 RCP

A-5: 80.4 ft @ 0.010 ft/ft

Circle - 18.0 in RCP

A-4: 44.0 ft @ 0.005 ft/ft

 RCP

A-2: 188.5 ft @ 0.005 ft/ft

 RCP

A-3: 117.9 ft @ 0.005 ft/ft

 RCP

A-6: 275.4 ft @ 0.010 ft/ft

 RCP
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Active Scenario:  100 YR

Profile Report

Engineering Profile - LINE AA (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion

5,845.00

5,850.00

5,855.00

5,860.00

5,865.00

-0+50 0+00 0+50

Station (ft)

E
le
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tio

n
 (

ft)

A5
Rim: 5,859.83 ft
Invert: 5,849.36 ft

AA2
Rim: 5,859.90 ft
Invert: 5,849.76 ft

AA1
Rim: 5,859.98 ft

Invert: 5,849.66 ft

AA-2: 20.4 ft @ 0.010 ft/ft

 RCP

AA-1: 9.9 ft @ 0.010 ft/ft RCP
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Active Scenario:  100 YR

Profile Report

Engineering Profile - LINE B (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion

5,840.00

5,845.00

5,850.00

5,855.00

5,860.00

5,865.00

-0+50 0+00 0+50 1+00 1+50 2+00 2+50 3+00 3+50 4+00 4+50 5+00 5+50 6+00 6+50 7+00 7+50 8+00

Station (ft)

E
le

va
tio

n
 (

ft)

B12
Rim: 5,859.72 ft

Invert: 5,855.53 ft

A4
Rim: 5,860.11 ft

Invert: 5,845.49 ft

B1
Rim: 5,860.70 ft

Invert: 5,845.94 ft

B10
Rim: 5,861.27 ft
Invert: 5,851.21 ft

B3
Rim: 5,861.13 ft
Invert: 5,846.77 ft

B4
Rim: 5,861.32 ft
Invert: 5,847.09 ft

B2
Rim: 5,861.39 ft

Invert: 5,846.50 ft

B11
Rim: 5,861.40 ft
Invert: 5,852.26 ft

B9
Rim: 5,862.11 ft
Invert: 5,850.00 ft

B6
Rim: 5,862.66 ft
Invert: 5,847.82 ft

B5
Rim: 5,862.61 ft

Invert: 5,847.59 ft

B8
Rim: 5,862.11 ft
Invert: 5,849.09 ft

B7
Rim: 5,862.45 ft
Invert: 5,848.55 ft

B-7: 45.2 ft @ 0.014 ft/ft

Circle - 30.0 in 

B-6: 10.4 ft @
 0.013 ft/ft

Circle - 30.0 in  

B-9: 64.6 ft @ 0.014 ft/ft

Circle - 30.0 in 

B-1: 69.7 ft @ 0.005 ft/ft

Circle - 36.0 in RCP
B-4: 45.1 ft @ 0.005 ft/ft

 RCP

B-2: 91.5 ft @ 0.005 ft/ft

Circle - 36.0 in RCP
B-3: 33.2 ft @ 0.005 ft/ft

 RCP

B-12: 183.1 ft @ 0.018 ft/ft

Circle - 24.0 in RCP

B-11: 58.4 ft @ 0.018 ft/ft

Circle - 24.0 in RCP

B-10: 73.7 ft @ 0.015 ft/ft

Circle - 30.0 in RCP

B-5: 80.7 ft @ 0.005 ft/ft

Circle - 30.0 in RCP
B-8: 40.5 ft @ 0.014 ft/ft

Circle - 30.0 in 
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Active Scenario:  100 YR

Profile Report

Engineering Profile - LINE BA (220407 - Storm Network Model_new.stsw)
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Active Scenario:  100 YR

Profile Report

Engineering Profile - LINE BB (220407 - Storm Network Model_new.stsw)
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Active Scenario:  100 YR

Profile Report

Engineering Profile - LINE BC (220407 - Storm Network Model_new.stsw)
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Active Scenario:  100 YR

Profile Report

Engineering Profile - LINE BD (220407 - Storm Network Model_new.stsw)
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Active Scenario:  100 YR

Profile Report

Engineering Profile - LINE C (220407 - Storm Network Model_new.stsw)

Park Meadows Mall Expansion
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Active Scenario:  100 YR

Profile Report

Engineering Profile - LINE CA (220407 - Storm Network Model_new.stsw)
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Active Scenario:  100 YR

Profile Report

Engineering Profile - LINE EX RD1 (220407 - Storm Network Model_new.stsw)
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Active Scenario:  100 YR

Profile Report

Engineering Profile - LINE EX RD2 (220407 - Storm Network Model_new.stsw)
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Active Scenario:  100 YR

Profile Report

Engineering Profile - LINE EX RD3 (220407 - Storm Network Model_new.stsw)
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Active Scenario:  100 YR

Profile Report

Engineering Profile - LINE EX RD4 (220407 - Storm Network Model_new.stsw)
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Active Scenario:  100 YR

Profile Report

Engineering Profile - LINE EX RD5 (220407 - Storm Network Model_new.stsw)
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APPENDIX D 

Water Quality and Detention Calculations  



Project:

Basin ID:

Depth Increment = ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 2,000 0.046

Selected BMP Type = EDB 5816 -- 0.75 -- -- -- 4,956 0.114 2,608 0.060

Watershed Area = 85.50 acres -- 1.75 -- -- -- 16,274 0.374 13,223 0.304

Watershed Length = 2,675 ft -- 2.75 -- -- -- 22,159 0.509 32,440 0.745

Watershed Length to Centroid = 1,300 ft -- 3.75 -- -- -- 33,927 0.779 60,483 1.388

Watershed Slope = 0.020 ft/ft 5820 -- 4.75 -- -- -- 16,309 0.374 85,601 1.965

Watershed Imperviousness = 95.00% percent -- 5.75 -- -- -- 38,971 0.895 113,241 2.600

Percentage Hydrologic Soil Group A = 0.0% percent -- 6.75 -- -- -- 41,615 0.955 153,534 3.525

Percentage Hydrologic Soil Group B = 0.0% percent -- 7.75 -- -- -- 44,357 1.018 196,520 4.511

Percentage Hydrologic Soil Groups C/D = 100.0% percent -- 8.75 -- -- -- 47,183 1.083 242,290 5.562

Target WQCV Drain Time = 40.0 hours 5825 -- 9.75 -- -- -- 50,305 1.155 291,034 6.681

Location for 1-hr Rainfall Depths = Lone Tree - Municipal Court -- 10.75 -- -- -- 53,497 1.228 342,935 7.873

-- 11.75 -- -- -- 56,810 1.304 398,088 9.139

-- 12.75 -- -- -- 60,210 1.382 456,598 10.482

Optional User Overrides -- 13.75 -- -- -- 63,788 1.464 518,597 11.905

Water Quality Capture Volume (WQCV) = 3.187 acre-feet acre-feet 5830 -- 14.75 -- -- -- 72,067 1.654 586,525 13.465

Excess Urban Runoff Volume (EURV) = 8.089 acre-feet acre-feet -- 15.75 -- -- -- 77,290 1.774 661,203 15.179

2-yr Runoff Volume (P1 = 0.84 in.) = 5.400 acre-feet inches -- -- -- --

5-yr Runoff Volume (P1 = 1.1 in.) = 7.369 acre-feet inches -- -- -- --

10-yr Runoff Volume (P1 = 1.33 in.) = 9.101 acre-feet inches -- -- -- --

25-yr Runoff Volume (P1 = 1.68 in.) = 11.777 acre-feet inches -- -- -- --

50-yr Runoff Volume (P1 = 1.97 in.) = 13.985 acre-feet inches -- -- -- --

100-yr Runoff Volume (P1 = 2.28 in.) = 16.367 acre-feet inches -- -- -- --

500-yr Runoff Volume (P1 = 3.07 in.) = 22.393 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 5.187 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 7.162 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 8.631 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 10.085 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 10.719 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 11.389 acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (WQCV) = 3.187 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 4.903 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 3.300 acre-feet -- -- -- --

Total Detention Basin Volume = 11.389 acre-feet -- -- -- --

After providing required inputs above including 1-hour rainfall

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

the embedded Colorado Urban Hydrograph Procedure.

Volume 

(ft
 3
)

Volume 

(ac-ft)

Area 

(acre)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional 

Override 

Area (ft
 2
)

Length 

(ft)

Optional 

Override 

Stage (ft)

Stage

(ft)

Stage - Storage

Description

Area 

(ft
 2
)

Width 

(ft)

Park Meadows

Basin A 

MHFD-Detention, Version 4.05 (January 2022)

Example Zone Configuration (Retention Pond)

MHFD-Detention_v4-05.xlsm, Basin 11/10/2022, 11:25 AM



  Project:

  Basin ID:

Estimated Estimated

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

Zone 1 (WQCV) 6.40 3.187 Orifice Plate

Zone 2 (EURV) 10.93 4.903 Orifice Plate

Zone 3 (100-year) 13.40 3.300 Weir&Pipe (Restrict)

Total (all zones) 11.389

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

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

Underdrain Orifice Diameter = inches Underdrain Orifice Centroid = feet

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

Centroid of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 9.028E-02 ft
2

Depth at top of Zone using Orifice Plate = 10.93 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 = 13.00 sq. inches (use rectangular openings) Elliptical Slot Area = N/A ft
2

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

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

Stage of Orifice Centroid (ft) 0.00 3.60 7.20

Orifice Area (sq. inches) 13.00 13.00 13.00

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

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

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

Not Selected Not Selected Not Selected Not Selected

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

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

Vertical Orifice Diameter = N/A N/A inches

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

grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 10.93 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 12.26 N/A feet

Overflow Weir Front Edge Length = 28.00 N/A feet Overflow Weir Slope Length = 4.22 N/A feet

Overflow Weir Grate Slope = 3.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 26.16 N/A

Horiz. Length of Weir Sides = 4.00 N/A feet Overflow Grate Open Area w/o Debris = 82.17 N/A ft
2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 41.08 N/A ft
2

Debris Clogging % = 50% N/A %

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

Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 0.38 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 3.14 N/A ft
2

Outlet Pipe Diameter = 24.00 N/A inches Outlet Orifice Centroid = 1.00 N/A feet

Restrictor Plate Height Above Pipe Invert = 28.00 inches Half-Central Angle of Restrictor Plate on Pipe = 3.14 N/A radians

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

Spillway Invert Stage= 14.22 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 1.81 feet

Spillway Crest Length = 35.00 feet Stage at Top of Freeboard = 17.03 feet

Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 1.77 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 15.18 acre-ft

Max Ponding Depth of Target Storage Volume = 13.86 feet Discharge at Top of Freeboard = 285.35 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 0.84 1.10 1.33 1.68 1.97 2.28 3.07

CUHP Runoff Volume (acre-ft) = 3.187 8.089 5.400 7.369 9.101 11.777 13.985 16.367 22.393

Inflow Hydrograph Volume (acre-ft) = N/A N/A 5.400 7.369 9.101 11.777 13.985 16.367 22.393

CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.9 8.4 22.2 56.6 77.7 104.8 163.9
OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.01 0.10 0.26 0.66 0.91 1.23 1.92

Peak Inflow Q (cfs) = N/A N/A 101.2 133.9 160.5 212.2 251.1 300.4 408.3

Peak Outflow Q (cfs) = 1.8 3.4 2.6 3.2 6.2 24.6 44.2 55.0 158.7

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.4 0.3 0.4 0.6 0.5 1.0

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

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.0 0.3 0.5 0.6 0.6

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

Time to Drain 97% of Inflow Volume (hours) = 38 56 49 55 59 59 57 56 53

Time to Drain 99% of Inflow Volume (hours) = 40 60 52 59 64 64 63 63 62

Maximum Ponding Depth (ft) = 6.40 10.93 8.26 9.95 11.26 12.17 12.81 13.86 15.14

Area at Maximum Ponding Depth (acres) = 0.93 1.24 1.05 1.17 1.27 1.34 1.39 1.49 1.70

Maximum Volume Stored (acre-ft) = 3.194 8.095 5.029 6.902 8.509 9.680 10.551 12.068 14.119

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.05 (January 2022)

Park Meadows

Basin 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)

MHFD-Detention_v4-05.xlsm, Outlet Structure 11/10/2022, 11:27 AM
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Know what's below.
Call before you dig.
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Park Meadows – Mixed Use Development 
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Appendix F 

 

APPENDIX F 

Relevant Portions of Past Reports 

 


















