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Certification Statements          

Engineer’s Statement 
The attached drainage plan and report were prepared under my direction and supervision and are 

correct to the best of my knowledge and belief. Said drainage report has been prepared according to the 

criteria established by the County for drainage reports and said report is in conformity with the 

applicable master plan of the drainage basin. I accept responsibility for any liability caused by any 

negligent acts, errors or omissions on my part in preparing this report.  

 

 

 

_________________________________________ 

Steven G. Baggs, P.E. Colorado 26020 

 

Developer’s Statement 
I, the developer have read and will comply with all of the requirements specified in this drainage report 

and plan. 

Name of Developer: _______________________________________ 

Authorized Signature/Date: ___________________________________ 

Printed Name: _____________________________________________ 

Title: ____________________________________________________ 

 Address: _________________________________________________ 

   

El Paso County Certification 
Filed in accordance with the requirements of the Drainage Criteria Manual, Volumes 1 and 2, El Paso 

County Engineering Criteria Manual and Land Development Code as amended. 

 

 

 

____________________________________________                __________________ 

Joshua Palmer, P.E.       Date 

County Engineer / ECM Administrator       
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Introduction 

Description of Project 

The subject property is located at 7981 Fort Smith Road in unincorporated El Paso 

County. It is legally known as Lot 593 of Woodmen Hills Filing No. 9. The proposed 

project includes construction of a RV garage on the north side of the existing 

single-family dwelling. The proposed garage adds approximately 1,800 sf of 

impervious area. The total disturbed area is approximately 4,000 sf. 

Scope and Purpose of Report 

The purpose of this letter is to demonstrate that the proposed improvements do 

not negatively impact the adjacent properties. It also supports a Plat Note Waiver 

action that will remove the no-build area from the lot. Calculations were 

performed in compliance with the requirements set forth in the Drainage Criteria 

Manual County of El Paso, Colorado (hereafter referred to as the “County 

Manual”) and the Mile High Flood District Criteria Manuals (hereafter referred to 

as the “District Manual”). 

Existing Drainage System 

At the time of this report, grading for the building pad is complete. For the 

purposes of this report and in order to evaluate the impacts that the grading for 

the building pad has on the system, the “existing drainage” system will be 

evaluated as if the building pad had not been graded. The “proposed drainage” 

system will be evaluated with the building pad graded as-is. 

 

The Final Drainage & Erosion Control Report for Woodmen Hills Subdivision Filing 

9, Falcon, El Paso County, Colorado by URS Greiner Woodward Clyde dated 

October 19, 1999 (hereafter referred to as the “Master Drainage Report”) 

provides the drainage information for the subject property. However, the 

drainage basin delineated on the drainage plans and the upstream neighborhood 

does not accurately depict the existing conditions.  

 

Due to the discrepancies found in the Master Drainage Report described above, a 

new drainage basin was delineated using Lidar contours and aerial mapping. This 

basin E1 was found to be 14.23 acres in size. The same runoff coefficients were 
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used as in the Master Drainage Report, with the 5-yr coefficient being 0.41 and 

the 100-yr coefficient being 0.50. The 5-yr and 100-yr flow rates were found to be 

8.4 cfs and 21.1 cfs, respectively.  

 

 
Table 1 – Runoff Summary 

To evaluate the existing drainage channel, a cross section was cut at station 0+75 

where no grading has been performed. The existing channel is approximately 

100ft wide and 4ft deep. Refer to Table 2 provided below for the flow, depth, 

velocity, and Froude number associated with station 0+75 that represents the 

existing conditions. 

Proposed Drainage System 

The proposed improvements include a standalone RV garage located on the north 

side of the single-family dwelling. The proposed RV garage building pad extends 

into the existing drainage channel. The proposed drainage channel reduces the 

typical channel dimensions to approximately 30 ft wide and 3.4 ft deep. To 

evaluate the proposed improvements, a cross section at station 0+25 was created 

at the location of the grading that has already been performed.  The existing 

channel lining conditions across the property are good condition native grasses 

with a Mannings roughness coefficient of 0.045 per Table 10-2 of the Drainage 

Criteria Manual, Volume 1.  In the proposed condition, the portion of the channel 

side created by the building pad will require rock protection which together, with 

the native grass sections, results in a composite Mannings roughness coefficient 

of 0.044.  The maximum velocity allowed in a grass lined channel of this type is 2.5 

ft/sec and that is not exceeded on this site.  Table 2, presented below, compares 

the flow, depth, velocity, and Froude Number associated with station 0+25 (the 

proposed condition) and station 0+75 (the existing condition) for both the 5-yr 

and 100-yr storm events. 

 

Q5 Q100

E1 E1 14.23 0.45 0.41 0.50 8.4 21.1

BASIN 

LABEL
AREA

LOCAL      

(CFS)DESIGN 

POINT
Imp. C5 C100

RUNOFF SUMMARY
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Table 2 – Results Summary 

In the 5-yr storm event, the flow depth increases by approximately 4.1 inches and 

the velocity in the channel increases by 0.41 ft/s. In the 100-yr storm event, the 

depth in the channel increases by 7.2 inches and the velocity increases by 0.5 ft/s. 

In both scenarios, the Froude Number remains below 0.3. The threshold for most 

swale stabilization techniques is a Froude Number equal to or greater than 0.8. 

Therefore, the swale is anticipated to be at a low risk for erosion and scour.  

 

It is recommended that the owner/contractor implement several measures to 

protect the proposed structure. This includes providing positive drainage away 

from the structure and adding riprap protection or other stabilization techniques 

along the slope of the building pad to mitigate erosion of the building pad.  

 

Impact on the adjacent neighbors should be minimal even with the RV garage.  

Ponding or slow progress of the runoff occurs in this area due to the relatively flat 

grade (0.02%) of the natural drainage way.  Side lot line drainage swales will 

continue to direct runoff to the no build/drainage area where it will continue in 

its existing flow pattern.  As noted in Table 2 the flow depth changes are minimal 

which creates minimal impact on the No-Build zone.  

Conclusions 

This letter summarizes the drainage improvements associated with the proposed RV 

garage. The proposed improvements increase the flow depth in the drainage swale by 4.1 

inches and 7.2 inches for the 5-yr and 100-yr storm events, respectively. The erosion and 

scour potential in the drainage swale is considered low as the Froude Number remains 

less than 0.3 for both scenarios. 

No floodplains are impacted by these improvements. No drainage requirements were 

found in the Master Drainage Report. The stormwater management system is designed 

to accommodate the 5-yr and 100-yr storm events in accordance with the District and 

County Manuals.  The No-Build area has been modified to accommodate the RV garage 

building pad with minimal impact to existing drainage conditions.  

Storm Event Station Flow (cfs) Depth (in) Velocity (ft/s) Froude Number

5-yr 0+25 (proposed) 8.4 11.8 1.11 0.244

5-yr 0+75 (existing) 8.4 7.7 0.70 0.216

100-yr 0+25 (proposed) 21.1 18.0 1.46 0.263

100-yr 0+75 (existing) 21.1 10.8 0.96 0.233
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Appendix A 

Vicinity Map 

FEMA FIRM 
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Appendix B 

NOAA Atlas Rainfall Data 

Hydrologic Rational Calculations 

Hydraulic Calculations 
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= FORMULA CELLS
= USER INPUT CELLS

PROJECT:
JOB NO.:

CALC. BY: �▼
DATE:

▼ ▼
Minutes

5
10
20
30
40
50
60
120

Equation 5-1 I=(28.5*P1)/(10+Td)
^0.786

I = rainfall intensity (inches per hour) 
P1 = 1-hour point rainfall depth (inches) 
Td = storm duration (minutes) 

Reference:
1) Urban Drainage and Flood Control District - Urban Storm Drainage Criteria Manual Volume 1, 2017
2) NOAA Atlas 14, Volume 8, Version 2

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

1.22 2.52
8.55
6.82
4.96
3.95
3.32
2.87

4.14
3.30
2.40
1.91
1.61
1.39
1.23

User Input
Project Location

P1: 1-hour Rainfall Depths (inches)

Ft Smith Rd
35079
M Sundstrom
4/9/2024

IDF Rainfall Data

5-Year
Minor Storm Major Storm

Td 100-Year

1.570.76
2.55

X0A0T

X0A1T X0A2T

Baseline Engineering,
Planning and Surveying

4/10/2024
35079-SF2 SF3.xlsx

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


PROJECT:
JOB NO.:

CALC. BY:
DATE:

Impervious Percentages - from Urban Drainage Table 6-3

User Defined 45% 0

Residental - 
0.25 AC or less 45% 0

Land Use 0 0

Land Use 0 0

SOIL TYPE: C or D  (use equation from Table 6-4) = FORMULA CELLS
= USER INPUT CELLS

Basin Area (ac) Imp. C2 C5 C10 C100 User Defined
Residental - 
0.25 AC or 

less
Land Use Land Use Land Use Land Use Land Use Land Use

E1 14.23 45% - 0.41 - 0.50 14.23

Weighted Impervious and C Values Areas (ac)

Land Use

Land Use

Land Use

Land Use

PROPOSED COMPOSITE IMPERVIOUSNESS

Ft Smith Rd
35079
M Sundstrom
4/9/2024

X1A0T

Baseline Engineering,
Planning and Surveying COMPOSITE C VALUES - PROP

4/10/2024
35079-SF2 SF3.xlsx

mark.sundstrom
Callout
Runoff Coefficients obtained from Master Drainage Report



Project: Ft Smith Rd
Job No.: 35079

Calculated By: Checked By: xxxxxxxxxx
Date: 

FINAL REMARKS
tc

Basin i C5 AREA LENGTH SLOPE ti LENGTH SLOPE VEL. tt COMP. TOT. LENGTH So

Ac Ft % Min Ft % FPS Min tc Ft % Min Min
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)
E1 0.45 0.41 14.23 300 2.0 17.17 3,500 7 2.0 0.99 58.93 76.1 3,800 2.00 47.6 47.62

Equation 6-3 ti=((0.395(1.1-C5)SQRT(L))/(So^0.33))
Equation 6-5 tc=(26-17i)+(Lt/(60(14i+9)SQRT(So))) = FORMULA CELLS

= USER INPUT CELLS
NRCS Conveyance Factor K Table - Cv Value

20Paved Areas and Shallow Paved Swales

Short Pasture and Lawns
Nearly Bare Ground
Grassed Waterway

7
10
15

Heavy Meadow 2.5
Tillage/Field 5

STANDARD FORM SF-2

INITIAL/OVERLAND
TIME (ti)

M Sundstrom

DATA
SUB-BASIN

4/9/2024

tc (Equation 6-5)

TIME OF CONCENTRATION SUMMARY

tc  CHECK
(URBANIZED BASINS)

TRAVEL TIME
(tt)

Cv

Baseline Engineering,
Planning and Surveying TOC

4/10/2024
35079-SF2 SF3.xlsx



Calculated By: Project: Ft Smith Rd
Date: Job No.: 35079

Checked By: Design Storm: 5-Year
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Worksheet for Section 0+25 - 5yr Rev

Project Description

Manning
Formula

Friction Method

Normal DepthSolve For

Input Data

ft/ft0.002Channel Slope

cfs8.40Discharge

Section Definitions

Elevation
(ft)

Station
(ft)

6,881.800+00

6,877.920+19

6,878.250+25

6,881.330+30

Roughness Segment Definitions

Roughness CoefficientEnding StationStart Station

0.045(0+25, 6,878.25)(0+00, 6,881.80)

0.033(0+30, 6,881.33)(0+25, 6,878.25)

Options

Pavlovskii's
Method

Current Roughness Weighted
Method

Pavlovskii's
Method

Open Channel Weighting
Method

Pavlovskii's
Method

Closed Channel Weighting
Method

Results

in11.8Normal Depth

0.044Roughness Coefficient

ft6,878.90Elevation

6,877.9 to
6,881.8 ft

Elevation Range

ft²7.6Flow Area

ft12.1Wetted Perimeter

in7.5Hydraulic Radius

ft11.81Top Width

in11.8Normal Depth

in6.1Critical Depth

ft/ft0.042Critical Slope

ft/s1.11Velocity

ft0.02Velocity Head

ft1.00Specific Energy

0.244Froude Number

SubcriticalFlow Type

Page 1 of 227 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA  +1-203-755-1666

5/7/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution
CenterFlowMaster.fm8



Worksheet for Section 0+25 - 5yr Rev

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/s0.00Downstream Velocity

ft/s0.00Upstream Velocity

in11.8Normal Depth

in6.1Critical Depth

ft/ft0.002Channel Slope

ft/ft0.042Critical Slope

Page 2 of 227 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA  +1-203-755-1666

5/7/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution
CenterFlowMaster.fm8



Cross Section for Section 0+25 - 5yr Rev

Project Description

Manning
Formula

Friction Method

Normal DepthSolve For

Input Data

ft/ft0.002Channel Slope

in11.8Normal Depth

cfs8.40Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA  +1-203-755-1666

5/7/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution
CenterFlowMaster.fm8
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Worksheet for Section 0+75 - 5yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

ft/ft0.002Channel Slope

cfs8.40Discharge

Section Definitions

Elevation
(ft)

Station
(ft)

6,881.730+00

6,878.370+21

6,877.750+46

6,879.870+83

6,881.841+02

Roughness Segment Definitions

Roughness CoefficientEnding StationStart Station

0.045(1+02, 6,881.84)(0+00, 6,881.73)

Options

Pavlovskii's 
Method

Current Roughness Weighted 
Method

Pavlovskii's 
Method

Open Channel Weighting 
Method

Pavlovskii's 
Method

Closed Channel Weighting 
Method

Results

in7.7Normal Depth

0.045Roughness Coefficient

ft6,878.39Elevation

6,877.8 to 
6,881.8 ft

Elevation Range

ft²11.9Flow Area

ft36.3Wetted Perimeter

in3.9Hydraulic Radius

ft36.26Top Width

in7.7Normal Depth

in4.2Critical Depth

ft/ft0.053Critical Slope

ft/s0.70Velocity

ft0.01Velocity Head

ft0.65Specific Energy

0.216Froude Number

SubcriticalFlow Type

Page 1 of 227 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

4/10/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
CenterFlowMaster.fm8



Worksheet for Section 0+75 - 5yr

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/s0.00Downstream Velocity

ft/s0.00Upstream Velocity

in7.7Normal Depth

in4.2Critical Depth

ft/ft0.002Channel Slope

ft/ft0.053Critical Slope

Page 2 of 227 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

4/10/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
CenterFlowMaster.fm8



Cross Section for Section 0+75 - 5yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

ft/ft0.002Channel Slope

in7.7Normal Depth

cfs8.40Discharge
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Worksheet for Section 0+25 - 100yr Rev

Project Description

Manning
Formula

Friction Method

Normal DepthSolve For

Input Data

ft/ft0.002Channel Slope

cfs21.10Discharge

Section Definitions

Elevation
(ft)

Station
(ft)

6,881.800+00

6,877.920+19

6,878.250+25

6,881.330+30

Roughness Segment Definitions

Roughness CoefficientEnding StationStart Station

0.045(0+25, 6,878.25)(0+00, 6,881.80)

0.033(0+30, 6,881.33)(0+25, 6,878.25)

Options

Pavlovskii's
Method

Current Roughness Weighted
Method

Pavlovskii's
Method

Open Channel Weighting
Method

Pavlovskii's
Method

Closed Channel Weighting
Method

Results

in18.0Normal Depth

0.043Roughness Coefficient

ft6,879.42Elevation

6,877.9 to
6,881.8 ft

Elevation Range

ft²14.5Flow Area

ft15.6Wetted Perimeter

in11.1Hydraulic Radius

ft15.16Top Width

in18.0Normal Depth

in9.3Critical Depth

ft/ft0.035Critical Slope

ft/s1.46Velocity

ft0.03Velocity Head

ft1.53Specific Energy

0.263Froude Number

SubcriticalFlow Type
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FlowMaster
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CenterFlowMaster.fm8



Worksheet for Section 0+25 - 100yr Rev

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/s0.00Downstream Velocity

ft/s0.00Upstream Velocity

in18.0Normal Depth

in9.3Critical Depth

ft/ft0.002Channel Slope

ft/ft0.035Critical Slope

Page 2 of 227 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA  +1-203-755-1666

5/7/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution
CenterFlowMaster.fm8



Cross Section for Section 0+25 - 100yr Rev

Project Description

Manning
Formula

Friction Method

Normal DepthSolve For

Input Data

ft/ft0.002Channel Slope

in18.0Normal Depth

cfs21.10Discharge

Page 1 of 127 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA  +1-203-755-1666
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FlowMaster
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Worksheet for Section 0+75 - 100yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

ft/ft0.002Channel Slope

cfs21.10Discharge

Section Definitions

Elevation
(ft)

Station
(ft)

6,881.730+00

6,878.370+21

6,877.750+46

6,879.870+83

6,881.841+02

Roughness Segment Definitions

Roughness CoefficientEnding StationStart Station

0.045(1+02, 6,881.84)(0+00, 6,881.73)

Options

Pavlovskii's 
Method

Current Roughness Weighted 
Method

Pavlovskii's 
Method

Open Channel Weighting 
Method

Pavlovskii's 
Method

Closed Channel Weighting 
Method

Results

in10.8Normal Depth

0.045Roughness Coefficient

ft6,878.65Elevation

6,877.8 to 
6,881.8 ft

Elevation Range

ft²22.1Flow Area

ft42.4Wetted Perimeter

in6.2Hydraulic Radius

ft42.37Top Width

in10.8Normal Depth

in6.1Critical Depth

ft/ft0.047Critical Slope

ft/s0.96Velocity

ft0.01Velocity Head

ft0.92Specific Energy

0.233Froude Number

SubcriticalFlow Type

Page 1 of 227 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

4/10/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
CenterFlowMaster.fm8



Worksheet for Section 0+75 - 100yr

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/s0.00Downstream Velocity

ft/s0.00Upstream Velocity

in10.8Normal Depth

in6.1Critical Depth

ft/ft0.002Channel Slope

ft/ft0.047Critical Slope

Page 2 of 227 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

4/10/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
CenterFlowMaster.fm8



Cross Section for Section 0+75 - 100yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

ft/ft0.002Channel Slope

in10.8Normal Depth

cfs21.10Discharge
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Appendix C 

Excerpts from Master Drainage Report 
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Appendix D 

Drainage Plans 
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