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May 15, 2026 

City and County of Denver 

Department of Transportation and Infrastructure (DOTI) 

2000 W. 3rd Ave  

Denver, 80223 

Re: Red Rocks Southwest Trail Drainage Memo 

To Whom It May Concern, 

This memorandum provides a summary of the proposed drainage design for the Red Rocks Southwest Trail 

project, located at 18300 W. Alameda Parkway within the Red Rocks Amphitheatre complex. The project site 

spans along the southwest landscaped portion of the venue, connecting the existing Upper South Parking Lot 

to the western edge of the amphitheater near the visitor center. 

The proposed improvements will result in a total land disturbance of approximately 28,000 square feet. 

Planned site modifications include the installation of a new on grade trail system, an elevated trail system, a 

new ticketing terrace, associated stairs, retaining walls, and brick swales and storm sewer for drainage 

conveyance. 

The upper portion of the new ticketing terrace will consist of decking material which will allow storm runoff 

to drain through the openings and sheet flow overland to an inlet positioned at the base of the terrace wall, 

where it is conveyed via storm pipe to the southwest, discharging to the existing landscape. The rest of the 

ticketing terrace will consist of concrete pavement where runoff with sheet flow to the edge of the terrace 

and drain through weep holes to the existing vegetation outside the terrace. This is consistent with the 

drainage approach on other terraces around the venue.  

The elevated trail system will consist of the same decking material as the upper portion of the ticketing 

terrace where runoff will drain through openings and sheet flow to the southwest as it does in existing 

conditions. The elevated trail is designed to be a minimum of 2’ above the existing grade in all locations 

allowing runoff generated upstream of the trail to freely flow underneath and not impact any existing 

drainage patterns.   

For the on-grade trail portion of the project site, stormwater runoff generated south of the proposed trail will 

continue to sheet flow overland to the south and southwest, maintaining existing drainage patterns. Runoff 

generated north and west of the trail will sheet flow south to the proposed brick swale, where flows are 

conveyed parallel to the on-grade trail to one of three inlets connected to the storm sewer system. 

Runoff from basins B1 and B3 are conveyed via individual storm pipes to the basin B2 inlet, where flows from 

all three basins converge to a single storm pipe. This combined flow is directed westward, intercepting an 

existing 42-inch RCP storm line north of the Upper South Parking area 

In accordance with the City’s MS4 permit and Denver Parks regulations, we do not anticipate that detention 

and water quality will be required for this project. The total area of land disturbance is less than 1.0 acre, and 

the net increase in impervious surface is below 0.5-acres. 

Based on an evaluation of existing and proposed conditions, it is our professional opinion that the proposed 

improvements will not result in any adverse impacts to downstream drainage infrastructure or conveyance 

systems. 
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If you have any questions regarding this letter or the project in general, please feel free to contact me at 

kelly@consultaschermann.com or 720-220-1642. 

Sincerely, 

 

Kelly Proulx, P.E. 

Associate 

 

Attachments –   Drainage Plan 

  Rational Calculations 

  Storm Sewer Plan 

FlowMaster Calculations for Storm Pipes 

FlowMaster Calculations for Brick Swale – B1, B2 and B3 

               Nyloplast Inlet Calculation for 15” Standard Grate – B1, B2 and B3 

Nyloplast Inlet Calculation for 12” Standard Grate – B4 
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Designer:

Company:

Date:

Project:

Location:

Subcatchment 

Name

Area

(ac)

NRCS 

Hydrologic 

Soil Group(s)

Imperviousness

WQE

&

2-yr

5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

Overland Flow 

Length

Li (ft)

U/S Elevation

(ft)

(Optional)

D/S Elevation

(ft)

(Optional)

Overland Flow 

Slope

Si (ft/ft)

Overland Flow 

Time

ti (min)

Channelized 

Flow Length

Lt (ft)

U/S Elevation

(ft)

(Optional)

D/S Elevation

(ft)

(Optional)

Channelized 

Flow Slope

St (ft/ft)

NRCS 

Conveyance 

Factor K

Channelized 

Flow Velocity

Vt (ft/sec)

Channelized 

Flow Time

tt (min)

B1 0.10 C/D 44.2% 0.35 0.40 0.46 0.57 0.61 0.66 0.73 161.20 0.931 3.62 9.70 0.052 20 4.54 0.04

B2 0.12 C/D 56.0% 0.45 0.49 0.54 0.63 0.67 0.71 0.76 99.30 1.269 2.21 64.20 0.171 20 8.28 0.13

B3 0.06 C/D 71.2% 0.58 0.62 0.66 0.72 0.74 0.78 0.81 54.50 0.183 2.47 49.33 0.142 20 7.53 0.11

B4 0.01 C/D 40.0% 0.30 0.36 0.43 0.54 0.59 0.65 0.71 24.00 0.313 2.10 0.00 0.000 5 0.00 0.00

Overland (Initial) Flow Time Channelized (Travel) Flow Time

DHS

Aschermann Consulting

Runoff Coefficient, C

MHFD-Rational, Version 3.00 (August 2025)

5/15/2026

Red Rocks Southwest Trail

Morrison, CO

Provide input for area, soil type, and imperviousness on the Runoff Coeffs worksheet.

Cells of this color are for required user-input

Cells of this color are for optional override values

Calculation of Peak Runoff using Rational MethodCalculation of Peak Runoff using Rational Method

t� �
0.395 1.1 
 C� L�

S�
�.��

t� �
L�

60K S�

�  
L�

60V�

Computed t� � t� � t�

Regional t� � 26 
 17i �  
L�

60 14i � 9 S�

Selected t� � max t)�*�)+) , min Computed t� , Regional t�

 t� )�*�)+)� 5 (urban) 

 t� )�*�)+)� 10 (non-urban)

RR SW Trail Rational Calcs_MHFD-Rational v3.00.xlsm, Rational Calcs 5/15/2026, 11:07 AM

DaniSmith
Text Box
Surface imperviousness for basin B4 assumed to be existing terrain as runoff on upper terrace will fall through decking material to surface below



Designer:

Company:

Date:

Project:

Location:

Subcatchment 

Name

B1

B2

B3

B4

Select MHFD location for NOAA Atlas 14 Rainfall Depths from the pulldown list OR enter your own depths obtained from the NOAA website (click this link)

WQE 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

1-hour rainfall depth, P1 (in) = 0.60 0.76 1.04 1.29 1.64 1.93 2.22 2.96

a b c

Rainfall Intensity Equation Coefficients = 28.50 10.00 0.786

Computed tc 

(min)

Regional tc 

(min)

Selected tc 

(min)

(Optional)

Override tc 

(min)

WQE 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr WQE 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

3.66 18.54 5.00 2.04 2.58 3.53 4.38 5.56 6.55 7.53 10.04 0.07 0.09 0.14 0.20 0.31 0.40 0.50 0.73

2.34 16.63 5.00 2.04 2.58 3.53 4.38 5.56 6.55 7.53 10.04 0.11 0.14 0.20 0.28 0.41 0.51 0.63 0.89

2.58 14.01 5.00 2.04 2.58 3.53 4.38 5.56 6.55 7.53 10.04 0.07 0.09 0.12 0.16 0.23 0.28 0.33 0.47

2.10 19.20 5.00 2.04 2.58 3.53 4.38 5.56 6.55 7.53 10.04 0.00 0.00 0.01 0.01 0.02 0.02 0.02 0.04

Rainfall Intensity, I (in/hr) Peak Flow, Q (cfs)Time of Concentration

Calculation of Peak Runoff using Rational Method

I .//ℎ2 �
a ∗ P5

b � t�
� Q 89: � CIA

RR SW Trail Rational Calcs_MHFD-Rational v3.00.xlsm, Rational Calcs 5/15/2026, 11:07 AM
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Circular Pipe Capacity - 1

Project Description

Friction Method
Manning 
Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.010

Channel Slope 16.590 %

Diameter 10.0 in

Discharge 0.50 cfs

Results

Normal Depth 1.4 in

Flow Area 0.0 ft²

Wetted Perimeter 0.6 ft

Hydraulic Radius 0.9 in

Top Width 0.58 ft

Critical Depth 3.7 in

Percent Full 14.1 %

Critical Slope 0.357 %

Velocity 10.62 ft/s

Velocity Head 1.75 ft

Specific Energy 1.87 ft

Froude Number 6.573

Maximum Discharge 12.48 cfs

Discharge Full 11.60 cfs

Slope Full 0.031 %

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.0 in

Length 0.0 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0 in

Profile Description Dry

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.0 %

Normal Depth Over Rise 14.1 %

Downstream Velocity ∞ ft/s

Upstream Velocity ∞ ft/s

Normal Depth 1.4 in

Critical Depth 3.7 in

Channel Slope 16.590 %

Critical Slope 0.357 %

B2 Calcs.fm8

FlowMaster
[25.00.00.982]

5/14/2026 Page 1 of 3

DaniSmith
Text Box
100yr event for Basin B1

DaniSmith
Rectangle

DaniSmith
Text Box
Storm Pipe 1

DaniSmith
Text Box
Flow depth for 100yr event less than pipe diameter (10")

DaniSmith
Rectangle



Circular Pipe Capacity - 2

Project Description

Friction Method
Manning 
Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.010

Channel Slope 0.500 %

Diameter 10.0 in

Discharge 0.33 cfs

Results

Normal Depth 2.7 in

Flow Area 0.1 ft²

Wetted Perimeter 0.9 ft

Hydraulic Radius 1.6 in

Top Width 0.74 ft

Critical Depth 3.0 in

Percent Full 27.4 %

Critical Slope 0.353 %

Velocity 2.72 ft/s

Velocity Head 0.12 ft

Specific Energy 0.34 ft

Froude Number 1.189

Maximum Discharge 2.17 cfs

Discharge Full 2.01 cfs

Slope Full 0.013 %

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.0 in

Length 0.0 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0 in

Profile Description Dry

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.0 %

Normal Depth Over Rise 27.4 %

Downstream Velocity ∞ ft/s

Upstream Velocity ∞ ft/s

Normal Depth 2.7 in

Critical Depth 3.0 in

Channel Slope 0.500 %

Critical Slope 0.353 %

B2 Calcs.fm8

FlowMaster
[25.00.00.982]

5/14/2026 Page 2 of 3

DaniSmith
Text Box
100yr event for Basin B3

DaniSmith
Rectangle

DaniSmith
Text Box
Storm Pipe 2

DaniSmith
Text Box
Flow depth for 100yr event less than pipe diameter (10")

DaniSmith
Rectangle



Circular Pipe Capacity - 3

Project Description

Friction Method
Manning 
Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.010

Channel Slope 2.250 %

Diameter 10.0 in

Discharge 1.46 cfs

Results

Normal Depth 4.0 in

Flow Area 0.2 ft²

Wetted Perimeter 1.147 ft

Hydraulic Radius 2.2 in

Top Width 0.82 ft

Critical Depth 6.5 in

Percent Full 40.3 %

Critical Slope 0.460 %

Velocity 7.09 ft/s

Velocity Head 0.78 ft

Specific Energy 1.12 ft

Froude Number 2.490

Maximum Discharge 4.60 cfs

Discharge Full 4.27 cfs

Slope Full 0.263 %

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.0 in

Length 0.000 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0 in

Profile Description Dry

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.0 %

Normal Depth Over Rise 40.3 %

Downstream Velocity ∞ ft/s

Upstream Velocity ∞ ft/s

Normal Depth 4.0 in

Critical Depth 6.5 in

Channel Slope 2.250 %

Critical Slope 0.460 %

B2 Calcs.fm8

FlowMaster
[25.00.00.982]

5/14/2026 Page 3 of 3

DaniSmith
Text Box
Storm Pipe 3

DaniSmith
Text Box
100yr event for Basins B1, B2 and B3 combined

DaniSmith
Rectangle

DaniSmith
Text Box
Flow depth for 100yr event less than pipe diameter (10")

DaniSmith
Rectangle



Circular Pipe Capacity - 4

Project Description

Friction Method
Manning 
Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.010

Channel Slope 17.440 %

Diameter 10.0 in

Discharge 0.02 cfs

Results

Normal Depth 0.3 in

Flow Area 0.0 ft²

Wetted Perimeter 0.3 ft

Hydraulic Radius 0.2 in

Top Width 0.29 ft

Critical Depth 0.7 in

Percent Full 3.1 %

Critical Slope 0.452 %

Velocity 4.06 ft/s

Velocity Head 0.26 ft

Specific Energy 0.28 ft

Froude Number 5.473

Maximum Discharge 12.79 cfs

Discharge Full 11.89 cfs

Slope Full 0.000 %

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.0 in

Length 0.0 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0 in

Profile Description Dry

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.0 %

Normal Depth Over Rise 3.1 %

Downstream Velocity ∞ ft/s

Upstream Velocity ∞ ft/s

Normal Depth 0.3 in

Critical Depth 0.7 in

Channel Slope 17.440 %

Critical Slope 0.452 %

B4 Calc.fm8

FlowMaster
[25.00.00.982]

5/15/2026 Page 1 of 1

DaniSmith
Text Box
Storm Pipe 4

DaniSmith
Text Box
100yr event for Basin B4
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Rectangle
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Text Box
Flow depth for 100yr event less than pipe diameter (10")
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Rectangle



Swale Capacity - B1

Project Description

Friction Method
Manning 
Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.015

Channel Slope 1.280 %

Left Side Slope 50.000 %

Right Side Slope 50.000 %

Discharge 0.50 cfs

Results

Normal Depth 3.5 in

Flow Area 0.2 ft²

Wetted Perimeter 1.3 ft

Hydraulic Radius 1.6 in

Top Width 1.18 ft

Critical Depth 4.0 in

Critical Slope 0.694 %

Velocity 2.90 ft/s

Velocity Head 0.13 ft

Specific Energy 0.42 ft

Froude Number 1.333

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.0 in

Length 0.0 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0 in

Profile Description Dry

Profile Headloss 0.00 ft

Downstream Velocity ∞ ft/s

Upstream Velocity ∞ ft/s

Normal Depth 3.5 in

Critical Depth 4.0 in

Channel Slope 1.280 %

Critical Slope 0.694 %

B3 Calcs.fm8

FlowMaster
[25.00.00.982]

5/13/2026 Page 1 of 3

DaniSmith
Text Box
100yr event for Basin B1

DaniSmith
Text Box
Flow depth for 100yr event less than swale depth (12")

DaniSmith
Rectangle

DaniSmith
Rectangle



Swale Capacity - B2

Project Description

Friction Method
Manning 
Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.015

Channel Slope 1.800 %

Left Side Slope 50.000 %

Right Side Slope 50.000 %

Discharge 0.63 cfs

Results

Normal Depth 3.6 in

Flow Area 0.2 ft²

Wetted Perimeter 1.344 ft

Hydraulic Radius 1.6 in

Top Width 1.20 ft

Critical Depth 4.3 in

Critical Slope 0.673 %

Velocity 3.49 ft/s

Velocity Head 0.19 ft

Specific Energy 0.49 ft

Froude Number 1.587

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.0 in

Length 0.000 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0 in

Profile Description Dry

Profile Headloss 0.00 ft

Downstream Velocity ∞ ft/s

Upstream Velocity ∞ ft/s

Normal Depth 3.6 in

Critical Depth 4.3 in

Channel Slope 1.800 %

Critical Slope 0.673 %

B3 Calcs.fm8

FlowMaster
[25.00.00.982]

5/13/2026 Page 2 of 3

DaniSmith
Text Box
100yr event for Basin B2

DaniSmith
Text Box
Flow depth for 100yr event less than swale depth (12")
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Rectangle
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Swale Capacity - B3

Project Description

Friction Method
Manning 
Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.015

Channel Slope 1.000 %

Left Side Slope 50.000 %

Right Side Slope 50.000 %

Discharge 0.33 cfs

Results

Normal Depth 3.2 in

Flow Area 0.1 ft²

Wetted Perimeter 1.2 ft

Hydraulic Radius 1.4 in

Top Width 1.05 ft

Critical Depth 3.3 in

Critical Slope 0.733 %

Velocity 2.38 ft/s

Velocity Head 0.09 ft

Specific Energy 0.35 ft

Froude Number 1.156

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.0 in

Length 0.0 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0 in

Profile Description Dry

Profile Headloss 0.00 ft

Downstream Velocity ∞ ft/s

Upstream Velocity ∞ ft/s

Normal Depth 3.2 in

Critical Depth 3.3 in

Channel Slope 1.000 %

Critical Slope 0.733 %

B3 Calcs.fm8

FlowMaster
[25.00.00.982]

5/13/2026 Page 3 of 3

DaniSmith
Text Box
100yr event for Basin B3

DaniSmith
Text Box
Flow depth for 100yr event less than swale depth (12")
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Rectangle
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Rectangle



Grate Style Standard Grate Drop Down

Basin Size 15" Drop Down

Percent Clogged 50% Input

Dynamic Nyloplast Inlet Capacity Calculator

THIS APPLICATION AND THE DATA WITHIN ARE PROPERTY OF ADVANCED DRAINAGE SYSTEMS AND ITS SUBSIDIARIES. ANY UNAUTHORIZED USE WITHOUT WRITTEN CONSENT IS PROHIBITED. EQUATIONS 

AND CALCULATIONS ARE BASED OFF USDOT/FHWA URBAN DESIGN MANUAL, HYDRAULIC ENGINEERING CIRCULAR NO. 22, THIRD EDITION, PUBLICATION NO. FHWA-NHI-10-009.
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Standard Grate - 15" Drain Basin
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B1 Inlet
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Text Box
INLET CAPACITY OF 1.32 CFS EXCEEDS BASIN B1 100 YR EVENT OF 0.50 CFS



Grate Style Standard Grate Drop Down

Basin Size 15" Drop Down

Percent Clogged 50% Input

Dynamic Nyloplast Inlet Capacity Calculator

THIS APPLICATION AND THE DATA WITHIN ARE PROPERTY OF ADVANCED DRAINAGE SYSTEMS AND ITS SUBSIDIARIES. ANY UNAUTHORIZED USE WITHOUT WRITTEN CONSENT IS PROHIBITED. EQUATIONS 

AND CALCULATIONS ARE BASED OFF USDOT/FHWA URBAN DESIGN MANUAL, HYDRAULIC ENGINEERING CIRCULAR NO. 22, THIRD EDITION, PUBLICATION NO. FHWA-NHI-10-009.
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Text Box
0.32 FT

DaniSmith
Text Box
INLET CAPACITY OF 0.98 CFS EXCEEDS BASIN B2 100 YR EVENT OF 0.63 CFS



Grate Style Standard Grate Drop Down

Basin Size 15" Drop Down

Percent Clogged 50% Input

Dynamic Nyloplast Inlet Capacity Calculator

THIS APPLICATION AND THE DATA WITHIN ARE PROPERTY OF ADVANCED DRAINAGE SYSTEMS AND ITS SUBSIDIARIES. ANY UNAUTHORIZED USE WITHOUT WRITTEN CONSENT IS PROHIBITED. EQUATIONS 

AND CALCULATIONS ARE BASED OFF USDOT/FHWA URBAN DESIGN MANUAL, HYDRAULIC ENGINEERING CIRCULAR NO. 22, THIRD EDITION, PUBLICATION NO. FHWA-NHI-10-009.
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Standard Grate - 15" Drain Basin

DaniSmith
Text Box
B3 Inlet

DaniSmith
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DaniSmith
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DaniSmith
Text Box
INLET CAPACITY OF 1.28 CFS EXCEEDS BASIN B3 100 YR EVENT OF 0.33 CFS



Grate Style Standard Grate Drop Down

Basin Size 12" Drop Down

Percent Clogged 50% Input

Dynamic Nyloplast Inlet Capacity Calculator

THIS APPLICATION AND THE DATA WITHIN ARE PROPERTY OF ADVANCED DRAINAGE SYSTEMS AND ITS SUBSIDIARIES. ANY UNAUTHORIZED USE WITHOUT WRITTEN CONSENT IS PROHIBITED. EQUATIONS AND 

CALCULATIONS ARE BASED OFF USDOT/FHWA URBAN DESIGN MANUAL, HYDRAULIC ENGINEERING CIRCULAR NO. 22, THIRD EDITION, PUBLICATION NO. FHWA-NHI-10-009.
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Standard Grate - 12" Drain Basin

DaniSmith
Text Box
B4 Inlet

DaniSmith
Line

DaniSmith
PolyLine

DaniSmith
Text Box
Basin B4 100-yr event = 0.02 cfs

DaniSmith
Text Box
Inlet ponding in 100-yr event = 0.03 ft (0.36 in)


