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1.0 INTRODUCTION 

  

1.1 GENERAL PROJECT DESCRIPTION 

 

Forest Trace Village is an existing 75-acre mixed-use development (13 acres of retail and 62 acres of 

residential and open space) located at East Smoky Hill Road and South Aurora Parkway in Aurora, 

Colorado. The residential and open space portion of the development consists of 135 homes as well 

as the north end of the Black Forest. During construction, the developer dedicated over 23 total 

acres to preserve the Black Forest to prevent the removal or impact to existing trees within the 

Forest. The original project design (“Forest Trace Planning Area 1 & 2” by Martin/Martin Consulting 

Engineers and hereafter referred to as the MASTER PLAN and “Forest Trace Filing No. 2 Final 

Drainage Report” by Martin/Martin Consulting Engineers and hereafter referred to as the MASTER 

REPORT) involved significant site grading and drainage with several steep slopes and drainage 

swales. Since construction in year 2015-16, the residential and open space development has 

experienced significant erosion and drainage issues. In particular, the areas of concern have been 

grouped into six (6) different areas of concern. This project aims to address these six areas of 

concern as it relates to their drainage and erosion control liabilities. The six (6) areas of concern are 

outlined as follows: 

1. Area 1: Generally, the area directly north of Lot 32 at the cul-de-sac of South Addison 

Way. The slope behind this residence directs and ponds stormwater runoff onto the 

residences’ property. The proposed work includes the addition of a grassed drainage 

swale to alleviate these concerns. The proposed work will impact four (4) landscape 

trees which are to be replaced or transplanted to match previous tree counts. 

2. Area 2: Generally, the area directly north of Lot 15 off of South Biloxi Way. The area 

right along the property / fence line is experiencing considerable erosion. The 

proposed work includes the addition of a stone lined drainage swale to alleviate these 

concerns. The proposed work will not disturb any trees within this area. 

3. Area 3: Generally, the area directly north of Lots 63 – 69 off S Catawba Circle. The 

slope behind the residences directs stormwater runoff onto the residences’ properties 

and the proposed work includes the addition of a stone-lined drainage swale to 

alleviate these concerns of runoff entering backyards. The MASTER PLAN originally 

designed drainage swales in this area, however it appears that the swales were not 

originally constructed to plan or have been filled by erosion. The proposed work will 

impact fourteen (14) landscape trees which are to be replaced or transplanted to 

match previous tree counts. 

4. Area 4: Generally, the area along the pedestrian sidewalk and behind lots 59 and 60 

off of South Catawba Circle. The area which generally slopes from east to west over 

the concrete walk has developed a low point along the eastern edge/lip of the walk. 

The low point causes ponding and algae growth at times. The proposed work includes 

the regrading of this area to eliminate the low point and provide continuous sheet 

flow over the concrete walk. The proposed work will not disturb any trees within this 

area. 

5. Area 5: Generally, the area behind lots 55 and 56 along South Catawba Way. This area 

is located within a ravine whose sides are experiencing significant erosion. There is an 

existing pedestrian walk that runs along this area which is concerning due to the 

inevitable collapse of the walk with further erosion to the ravine. The proposed work 

includes the installation of a longitudinal stone toe protection (24” stone) structure 
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with backfill behind it for stabilization of the area. The proposed work will not disturb 

any trees within this area. 

6. Area 6: Generally, the area directly north of Lots 70 – 78 off of East Euclid Avenue. The 

slope behind the residences directs stormwater runoff onto the residences’ properties 

and the proposed work includes the addition of a stone-lined drainage swale to 

alleviate these concerns. The MASTER PLAN originally designed drainage swales in this 

area, however it appears that the swales were not originally constructed to plan. The 

proposed work will impact twenty-nine (29) landscape trees which are to be replaced 

or transplanted per the Metro District. 

 

1.2 PROJECT LOCATION 

 

The proposed project is located within six general areas (described in the introduction) within the 

Forest Trace Village off East Smoky Hill Road and South Aurora Parkway. 

 

 
 

1.3 LAND USE 

 

Currently the development is a mixed-use development consisting of retail / restaurants on the 

northern edge off East Smoky Hill Road. The remaining southern portion consists of single-family 

residential homes which is where the proposed work is located.  

 

1.4 TYPE OF REPORT 

 

This is a final drainage letter intended to supplement the MASTER REPORT.  
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2.0 EXISTING DRAINAGE CONDITIONS 

 

2.1 EXISTING ON-SITE CONDITIONS 

 

The site is developed with single-family residential homes and generally slopes from north (East 

Smoky Hill Road) to south into South Catawba Way and ultimately into a large detention pond. The 

existing site contains portions of the preserved Black Forest which consists of numerous ravines with 

steep (1:1 and steeper) slopes. For all intents and purposes, the existing drainage map can be 

referred to as the Master Drainage Plan Sheet D1 (page 36 of 191) of the MASTER REPORT.  

 

2.2 FLOOD INSURANCE RATE MAPS 

 

The project is located within zone X of FEMA FIRM Panel number 08005C0502K, which is an area of 

minimal flooding. The firmette is located within the MASTER REPORT.  

3.0 PROPOSED DRAINAGE CONDITIONS 

 

3.1 PROPOSED ON-SITE CONDITIONS 

 

The proposed work does not alter the overall existing drainage patterns as shown in the MASTER 

REPORT Sheet D1 (page 36 of 191). The proposed work, which consists of graded drainage swales 

and permanent erosion control measures, is meant to provide relief to existing flooding and erosion 

concerns that are occurring on site. The Proposed Drainage Maps can be found in Appendix 1. The 

hydrology for the areas of concern were computed using the rational methodology; computations 

can be found in Appendix 2. The capacities (flow and WSELs for the minor 2-year and major 100-

year storms) for all drainage swales have been computed in FlowMaster and are included in 

Appendix 2. Where feasible, one foot (1’) of freeboard is being provided above the 100-year water 

surface elevation in swales. However, due to the limitations of existing features (grades, fences, 

etc.), it is not possible everywhere i.e. where grades must tie into existing topography (Area 1 – 

Section C-C, Area 6 – Section D-D). Please note that the swales are an improvement over the existing 

conditions as there are currently minimal drainage features there now. Please note, that Areas 4 

and 5 do not propose drainage swales and as such, maps and calculations have not been provided 

for these areas. The capacity (hydraulic grade lines) of the proposed storm pipe in Area 3 has been 

computed in StormCAD and is included in Appendix 3.  

 

Riprap sizing for the outlet at Area 3 has been computed in accordance with the Mile High Flood 

District (MHFD). The design discharge (100-year) of 1.86 cfs was computed in Appendix 2 for Area 

A3-1 and within Bentley FlowMaster for the Cross Section for Area 3 Swale. The MHFD computes a 

riprap median size of 9 inches and a length L = 4 feet and width W = 4 feet. See Appendix 5 for 

computations.  

 

Appendix 6 (Supporting Documentation from EDN 215037) provides information from a previously 

approved city submission (plans and reports). The Master Drainage Plan (Sheet D1) is provided to 

show that we are sending less flow to the inlet in question between lots 69 and 70 on S Catawba 

Circle. The area highlighted in blue is now being sent to the west under the proposed culvert RCP 

and flows into the ravine after being dispersed among the computed riprap sizing. Additionally, we 
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are providing the hydraulic grade line computations for Inlet C23 (which corresponds with the 

manhole we are lowering). The HGL in this structure is approved at elevation 6060.22 and we are 

lowering the manhole rim elevation to approximate elevation 6066.40 (HGL approx. 6 feet below 

the new proposed grade). See Appendix 6 for supporting documentation. 

 

3.2 REQUESTED VARIANCES 

 

CenterPoint Engineering understands your concern regarding updated c-values; however, we 

disagree that the landscaped areas in question are 20% impervious. The site consists of grassy native 

grass slopes that are much more representative of undisturbed native grasses in Table 5-6 (a c-value 

of 5% which is much more representative).  The soils on site are classified as Hydrologic Soil Group 

"B" (a well-drained soil) and the site is consistently sandy and dry. We feel that the values we are 

using are appropriate for the conditions out there and do not warrant an update to a C-value that 

will exaggerate the site's true conditions. To reiterate, this project is a drainage improvement 

project, which involves installing the swales that were previously designed and approved by the City 

of Aurora on the original design plans. It should be noted that the originally designed swales were 

never installed. Additionally, we are proposing to stabilize steep slopes in a ravine that are at risk of 

collapse in the immediate future. For this reason, we are requesting a variance on updated c-values 

due to emergency time constraints. Creating deeper swales to increase the flow capacity will also 

create additional grading limits and disturbing slopes that are already stabilized. 

 

3.3 MAINTENANCE 

 

The Metro District will be responsible for maintenance of the drainage paths and landscaped areas 

to ensure the drainage of the site remains consistent with this report. The primary areas of concern 

include the swales that run through the site as well as the longitudinal slope protection in Area 5. 

Inspection of the drainage paths should be performed following all storm events and any clogging or 

damage should be corrected in a timely manner. 
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LIST OF APPENDICES 
 

1. Proposed Drainage Maps 

2. Hydrology / Rational Calculations 

3. FlowMaster Swale Calculations 

4. StormCAD Pipe Calculations 

5. Riprap Sizing 

6. Supporting Documentation From EDN 215037 
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= FORMULA CELLS

Equation 5-1: = USER INPUT CELLS

I = rainfall intensity (inches per hour) 

P1 = 1-hour point rainfall depth (inches) 

Td = storm duration (minutes) 

Reference:

1) Mile High Flood District - Urban Storm Drainage Criteria Manual Volume 1, 2017

2) NOAA Atlas 14 Precipitation-Frequency Atlas of the United States, Volume 8 Version 2.0

https://www.weather.gov/media/owp/oh/hdsc/docs/Atlas14_Volume8.pdf
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P1: 1-hour Rainfall Depths (inches)
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PROJECT NAME:

PROJECT NO.:

DESIGN BY:

JURISDICTION:

DATE:

JURISDICTIONAL STANDARD % IMPERV C2 C5 C10 C100

PAVEMENT 100% 0.87 0.88 0.90 0.93

CONCRETE DRIVES AND WALKS 96% 0.87 0.87 0.88 0.89

ROOF 90% 0.80 0.85 0.90 0.90

LANDSCAPE > 7% (A/B SOILS) 2% 0.15 0.16 0.18 0.20

LANDSCAPE 2%-7% (A/B SOILS) 2% 0.10 0.11 0.13 0.15

LANDSCAPE > 7% (C/D SOILS) 5% 0.25 0.27 0.30 0.35

SOIL TYPE: B

PROPOSED COMPOSITE IMPERVIOUSNESS

C2 C5 C10 C100

2% 0.15 0.16 0.18 0.20

2.0% 0.15 0.16 0.18 0.20

C2 C5 C10 C100

2% 0.15 0.16 0.18 0.20

96% 0.87 0.87 0.88 0.89

7.7% 0.19 0.20 0.22 0.24

C2 C5 C10 C100

2% 0.15 0.16 0.18 0.20

2.0% 0.15 0.16 0.18 0.20

C2 C5 C10 C100

2% 0.15 0.16 0.18 0.20

2.0% 0.15 0.16 0.18 0.20

9.14% 0.56 0.6 0.67 0.74

SUB-BASIN COMPOSITE 1.67

PERCENT 

IMPERVIOUSNESS

COMPOSITE RUNOFF COEFFICIENTS

A6-1
LANDSCAPE > 7% (A/B SOILS) 1.67

TOTAL COMPOSITE 3.63

SUB-BASIN COMPOSITE 1.26

SUB-BASIN SURFACE CHARACTERISTICS AREA (ACRES)

A3-1

LANDSCAPE > 7% (A/B SOILS) 1.26

SUB-BASIN SURFACE CHARACTERISTICS AREA (ACRES)
PERCENT 

IMPERVIOUSNESS

COMPOSITE RUNOFF COEFFICIENTS

PERCENT 

IMPERVIOUSNESS

COMPOSITE RUNOFF COEFFICIENTS

A2-1

LANDSCAPE > 7% (A/B SOILS) 0.31

CONCRETE DRIVES AND WALKS 0.02

SUB-BASIN SURFACE CHARACTERISTICS AREA (ACRES)

SUB-BASIN COMPOSITE 0.33

0.37

SUB-BASIN SURFACE CHARACTERISTICS

(use equation from Table 6-4)

Composite C Values

PROJECT INFORMATION
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1938
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4/11/2024

SUB-BASIN COMPOSITE 0.37

COMPOSITE RUNOFF COEFFICIENTS
AREA (ACRES)

PERCENT 

IMPERVIOUSNESS

A1-1
LANDSCAPE > 7% (A/B SOILS)



AREA LENGTH SLOPE ti LENGTH SLOPE VEL. tt COMP. TOT. LENGTH SLOPE IMP tc tc

ac ft ft/ft min ft ft/ft fps Min tc ft ft/ft % First DP min

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17)

A1-1 A1-1 0.16 0.37 80.00 0.300 4.94 250.00 0.025 20 3.16 1.32 6.3 330.0 0.09 2.0% 28.5 6.26

A2-1 A2-1 0.20 0.33 200.00 0.150 9.37 100.00 0.150 20 7.75 0.22 9.6 300.0 0.15 7.7% 25.1 9.59

A3-1 A3-1 0.16 1.26 100.00 0.250 5.87 500.00 0.015 20 2.45 3.40 9.3 600.0 0.05 2.0% 33.0 9.27

A6-1 A6-1 0.16 1.67 150.00 0.250 7.19 750.00 0.045 20 4.24 2.95 10.1 900.0 0.08 2.0% 32.0 10.13

Equation 6-3

= FORMULA CELLS

= USER INPUT CELLS

Equation 6-4

Equation 6-5

C5

SUB-BASIN

DATA

REMARKS

INITIAL/OVERLAND

TIME (ti)

TRAVEL TIME

(tt)

Cv
BASIN

DESIGN 

POINT

STANDARD FORM SF-2

TIME OF CONCENTRATION SUMMARY

tc  CHECK

(URBANIZED BASINS)
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Urban Drainage Table 6-2. NRCS Conveyance Factor K Table
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Tillage/Field 5
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Design Storm: 2-Year

1-hour rainfall: 0.849

= FORMULA CELLS

= USER INPUT CELLS

AREA (AC)
RUNOFF 

COEFF

 tc

(MIN)

C * A

(AC)

I

(IN/HR)

Q                

(CFS)

tc

(MIN)

S (C * A) 

(AC)

I                       

(IN/HR)

Q                       

(CFS)

(1)   (2)   (3)   (4)   (5)   (6)   (7)   (8)   (10)   (11)   (12)   (13) (22)

A1-1 A1-1 0.37 0.15 6.26 0.06 2.70 0.15

A2-1 A2-1 0.33 0.20 9.59 0.07 2.33 0.16

A3-1 A3-1 1.26 0.15 9.27 0.19 2.37 0.45

A6-1 A6-1 1.67 0.15 10.13 0.25 2.29 0.57

STANDARD FORM SF-3

STORM DRAINAGE SYSTEM DESIGN

(RATIONAL METHOD PROCEDURE)

REMARKSBASIN

TOTAL RUNOFF

DESIGN 

POINT

DIRECT RUNOFF
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Design Storm: 100-Year

1-hour rainfall: 2.67

= FORMULA CELLS

= USER INPUT CELLS

AREA (AC)
RUNOFF 

COEFF

 tc

(MIN)

C * A

(AC)

I

(IN/HR)

Q                

(CFS)

tc

(MIN)

S (C * A) 

(AC)

I                       

(IN/HR)

Q                       

(CFS)

(1)   (2)   (3)   (4)   (5)   (6)   (7)   (8)   (10)   (11)   (12)   (13) (22)

A1-1 A1-1 0.37 0.20 6.26 0.07 8.50 0.63

A2-1 A2-1 0.33 0.24 9.59 0.08 7.34 0.59

A3-1 A3-1 1.26 0.20 9.27 0.25 7.44 1.87

A6-1 A6-1 1.67 0.20 10.13 0.33 7.19 2.40

TOTAL RUNOFF

REMARKS

DATE: 4/11/2024

BASIN
DESIGN 

POINT

DIRECT RUNOFF

DESIGN BY: J.OLIVETO STORM DRAINAGE SYSTEM DESIGN

JURISDICTION: AURORA, COLORADO (RATIONAL METHOD PROCEDURE)

PROJECT INFORMATION

PROJECT NAME: FOREST TRACE
STANDARD FORM SF-3

PROJECT NO.: 1938
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Q2 Q100

(CFS) (CFS)

A1-1 A1-1 0.37 2.0% 0.15 0.20 0.15 0.63

A2-1 A2-1 0.33 7.7% 0.20 0.24 0.16 0.59

A3-1 A3-1 1.26 2.0% 0.15 0.20 0.45 1.87

A6-1 A6-1 1.67 2.0% 0.15 0.20 0.57 2.40

3.63 9.1% 0.56 0.74 1.33 5.49

4/11/2024

PROJECT INFORMATION
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RUNOFF SUMMARY
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(AC)
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APPENDIX 3 FLOWMASTER SWALE CALCULATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



WSEL for Area 1 Section A-A - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.025Channel Slope

H:V3.000Left Side Slope

H:V3.300Right Side Slope

ft1.00Bottom Width

cfs0.15Discharge

Results

in1.2Normal Depth

ft²0.1Flow Area

ft1.7Wetted Perimeter

in1.0Hydraulic Radius

ft1.65Top Width

in1.0Critical Depth

ft/ft0.059Critical Slope

ft/s1.10Velocity

ft0.02Velocity Head

ft0.12Specific Energy

0.675Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in1.2Normal Depth

in1.0Critical Depth

ft/ft0.025Channel Slope

ft/ft0.059Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8



Area 1 Section A-A - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.025Channel Slope

in1.2Normal Depth

H:V3.000Left Side Slope

H:V3.300Right Side Slope

ft1.00Bottom Width

cfs0.15Discharge

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

4/9/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center1938_Swale Calcs.fm8



WSEL for Area 1 Section A-A - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.025Channel Slope

H:V3.000Left Side Slope

H:V3.300Right Side Slope

ft1.00Bottom Width

cfs0.63Discharge

Results

in2.7Normal Depth

ft²0.4Flow Area

ft2.5Wetted Perimeter

in1.8Hydraulic Radius

ft2.39Top Width

in2.3Critical Depth

ft/ft0.047Critical Slope

ft/s1.68Velocity

ft0.04Velocity Head

ft0.27Specific Energy

0.746Froude Number

SubcriticalFlow Type

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

in2.7Normal Depth

in2.3Critical Depth

ft/ft0.025Channel Slope

ft/ft0.047Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8



Area 1 Section A-A - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.025Channel Slope

in2.7Normal Depth

H:V3.000Left Side Slope

H:V3.300Right Side Slope

ft1.00Bottom Width

cfs0.63Discharge

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

4/9/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center1938_Swale Calcs.fm8



WSEL for Area 1 Section B-B - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.050Channel Slope

H:V3.700Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs0.15Discharge

Results

in1.0Normal Depth

ft²0.1Flow Area

ft1.6Wetted Perimeter

in0.8Hydraulic Radius

ft1.56Top Width

in1.0Critical Depth

ft/ft0.059Critical Slope

ft/s1.39Velocity

ft0.03Velocity Head

ft0.11Specific Energy

0.933Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in1.0Normal Depth

in1.0Critical Depth

ft/ft0.050Channel Slope

ft/ft0.059Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8



Area 1 Section B-B - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.050Channel Slope

in1.0Normal Depth

H:V3.700Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs0.15Discharge

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

4/9/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center1938_Swale Calcs.fm8



WSEL for Area 1 Section B-B - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.050Channel Slope

H:V3.700Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs0.63Discharge

Results

in2.2Normal Depth

ft²0.3Flow Area

ft2.3Wetted Perimeter

in1.6Hydraulic Radius

ft2.23Top Width

in2.2Critical Depth

ft/ft0.047Critical Slope

ft/s2.13Velocity

ft0.07Velocity Head

ft0.25Specific Energy

1.030Froude Number

SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in2.2Normal Depth

in2.2Critical Depth

ft/ft0.050Channel Slope

ft/ft0.047Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8



Area 1 Section B-B - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.050Channel Slope

in2.2Normal Depth

H:V3.700Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs0.63Discharge

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

4/9/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center1938_Swale Calcs.fm8



WSEL for Area 1 Section C-C - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.008Channel Slope

H:V6.500Left Side Slope

H:V3.100Right Side Slope

ft1.00Bottom Width

cfs0.15Discharge

Results

in1.6Normal Depth

ft²0.2Flow Area

ft2.3Wetted Perimeter

in1.1Hydraulic Radius

ft2.30Top Width

in0.9Critical Depth

ft/ft0.060Critical Slope

ft/s0.67Velocity

ft0.01Velocity Head

ft0.14Specific Energy

0.382Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in1.6Normal Depth

in0.9Critical Depth

ft/ft0.008Channel Slope

ft/ft0.060Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8



Area 1 Section C-C - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.008Channel Slope

in1.6Normal Depth

H:V6.500Left Side Slope

H:V3.100Right Side Slope

ft1.00Bottom Width

cfs0.15Discharge

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

4/9/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center1938_Swale Calcs.fm8



WSEL for Area 1 Section C-C - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.008Channel Slope

H:V6.500Left Side Slope

H:V3.100Right Side Slope

ft1.00Bottom Width

cfs0.63Discharge

Results

in3.3Normal Depth

ft²0.6Flow Area

ft3.7Wetted Perimeter

in2.1Hydraulic Radius

ft3.63Top Width

in2.1Critical Depth

ft/ft0.048Critical Slope

ft/s0.99Velocity

ft0.02Velocity Head

ft0.29Specific Energy

0.419Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in3.3Normal Depth

in2.1Critical Depth

ft/ft0.008Channel Slope

ft/ft0.048Critical Slope
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Area 1 Section C-C - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.008Channel Slope

in3.3Normal Depth

H:V6.500Left Side Slope

H:V3.100Right Side Slope

ft1.00Bottom Width

cfs0.63Discharge
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WSEL for Area 2 Section A-A - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.069Roughness Coefficient

ft/ft1.100Channel Slope

H:V3.900Left Side Slope

H:V5.500Right Side Slope

cfs0.16Discharge

Results

in1.3Normal Depth

ft²0.1Flow Area

ft1.0Wetted Perimeter

in0.6Hydraulic Radius

ft0.98Top Width

in1.8Critical Depth

ft/ft0.170Critical Slope

ft/s3.11Velocity

ft0.15Velocity Head

ft0.25Specific Energy

2.397Froude Number

SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in1.3Normal Depth

in1.8Critical Depth

ft/ft1.100Channel Slope

ft/ft0.170Critical Slope
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Area 2 Section A-A - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.069Roughness Coefficient

ft/ft1.100Channel Slope

in1.3Normal Depth

H:V3.900Left Side Slope

H:V5.500Right Side Slope

cfs0.16Discharge
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WSEL for Area 2 Section A-A - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.069Roughness Coefficient

ft/ft1.100Channel Slope

H:V3.900Left Side Slope

H:V5.500Right Side Slope

cfs0.59Discharge

Results

in2.0Normal Depth

ft²0.1Flow Area

ft1.6Wetted Perimeter

in1.0Hydraulic Radius

ft1.60Top Width

in3.0Critical Depth

ft/ft0.143Critical Slope

ft/s4.31Velocity

ft0.29Velocity Head

ft0.46Specific Energy

2.600Froude Number

SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in2.0Normal Depth

in3.0Critical Depth

ft/ft1.100Channel Slope

ft/ft0.143Critical Slope
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Area 2 Section A-A - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.069Roughness Coefficient

ft/ft1.100Channel Slope

in2.0Normal Depth

H:V3.900Left Side Slope

H:V5.500Right Side Slope

cfs0.59Discharge
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WSEL for Area 2 Section B-B - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.069Roughness Coefficient

ft/ft0.110Channel Slope

H:V7.200Left Side Slope

H:V6.200Right Side Slope

cfs0.16Discharge

Results

in1.7Normal Depth

ft²0.1Flow Area

ft1.9Wetted Perimeter

in0.8Hydraulic Radius

ft1.88Top Width

in1.5Critical Depth

ft/ft0.176Critical Slope

ft/s1.21Velocity

ft0.02Velocity Head

ft0.16Specific Energy

0.805Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in1.7Normal Depth

in1.5Critical Depth

ft/ft0.110Channel Slope

ft/ft0.176Critical Slope
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Area 2 Section B-B - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.069Roughness Coefficient

ft/ft0.110Channel Slope

in1.7Normal Depth

H:V7.200Left Side Slope

H:V6.200Right Side Slope

cfs0.16Discharge
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WSEL for Area 2 Section B-B - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.069Roughness Coefficient

ft/ft0.110Channel Slope

H:V7.200Left Side Slope

H:V6.200Right Side Slope

cfs0.59Discharge

Results

in2.8Normal Depth

ft²0.4Flow Area

ft3.1Wetted Perimeter

in1.4Hydraulic Radius

ft3.07Top Width

in2.6Critical Depth

ft/ft0.148Critical Slope

ft/s1.68Velocity

ft0.04Velocity Head

ft0.27Specific Energy

0.873Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in2.8Normal Depth

in2.6Critical Depth

ft/ft0.110Channel Slope

ft/ft0.148Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8



Area 2 Section B-B - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.069Roughness Coefficient

ft/ft0.110Channel Slope

in2.8Normal Depth

H:V7.200Left Side Slope

H:V6.200Right Side Slope

cfs0.59Discharge
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WSEL for Area 3 Section A-A - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.070Roughness Coefficient

ft/ft0.110Channel Slope

H:V4.200Left Side Slope

H:V3.400Right Side Slope

ft1.00Bottom Width

cfs0.45Discharge

Results

in2.0Normal Depth

ft²0.3Flow Area

ft2.3Wetted Perimeter

in1.4Hydraulic Radius

ft2.25Top Width

in1.8Critical Depth

ft/ft0.152Critical Slope

ft/s1.68Velocity

ft0.04Velocity Head

ft0.21Specific Energy

0.859Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in2.0Normal Depth

in1.8Critical Depth

ft/ft0.110Channel Slope

ft/ft0.152Critical Slope
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Area 3 Section A-A - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.070Roughness Coefficient

ft/ft0.110Channel Slope

in2.0Normal Depth

H:V4.200Left Side Slope

H:V3.400Right Side Slope

ft1.00Bottom Width

cfs0.45Discharge
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WSEL for Area 3 Section A-A - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.070Roughness Coefficient

ft/ft0.110Channel Slope

H:V4.200Left Side Slope

H:V3.400Right Side Slope

ft1.00Bottom Width

cfs1.87Discharge

Results

in4.0Normal Depth

ft²0.8Flow Area

ft3.6Wetted Perimeter

in2.5Hydraulic Radius

ft3.53Top Width

in3.9Critical Depth

ft/ft0.124Critical Slope

ft/s2.48Velocity

ft0.10Velocity Head

ft0.43Specific Energy

0.944Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in4.0Normal Depth

in3.9Critical Depth

ft/ft0.110Channel Slope

ft/ft0.124Critical Slope
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Area 3 Section A-A - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.070Roughness Coefficient

ft/ft0.110Channel Slope

in4.0Normal Depth

H:V4.200Left Side Slope

H:V3.400Right Side Slope

ft1.00Bottom Width

cfs1.87Discharge
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FlowMaster
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WSEL for Area 3 Section B-B - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.110Channel Slope

H:V3.900Left Side Slope

H:V3.300Right Side Slope

ft1.00Bottom Width

cfs0.45Discharge

Results

in1.5Normal Depth

ft²0.2Flow Area

ft1.9Wetted Perimeter

in1.1Hydraulic Radius

ft1.89Top Width

in1.8Critical Depth

ft/ft0.050Critical Slope

ft/s2.52Velocity

ft0.10Velocity Head

ft0.22Specific Energy

1.448Froude Number

SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in1.5Normal Depth

in1.8Critical Depth

ft/ft0.110Channel Slope

ft/ft0.050Critical Slope
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Area 3 Section B-B - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.110Channel Slope

in1.5Normal Depth

H:V3.900Left Side Slope

H:V3.300Right Side Slope

ft1.00Bottom Width

cfs0.45Discharge
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WSEL for Area 3 Section B-B - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.110Channel Slope

H:V3.900Left Side Slope

H:V3.300Right Side Slope

ft1.00Bottom Width

cfs1.87Discharge

Results

in3.1Normal Depth

ft²0.5Flow Area

ft2.9Wetted Perimeter

in2.0Hydraulic Radius

ft2.85Top Width

in3.9Critical Depth

ft/ft0.040Critical Slope

ft/s3.77Velocity

ft0.22Velocity Head

ft0.48Specific Energy

1.596Froude Number

SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in3.1Normal Depth

in3.9Critical Depth

ft/ft0.110Channel Slope

ft/ft0.040Critical Slope
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Area 3 Section B-B - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.110Channel Slope

in3.1Normal Depth

H:V3.900Left Side Slope

H:V3.300Right Side Slope

ft1.00Bottom Width

cfs1.87Discharge
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WSEL for Area 3 Section C-C - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.014Channel Slope

H:V4.000Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs0.45Discharge

Results

in2.5Normal Depth

ft²0.4Flow Area

ft2.5Wetted Perimeter

in1.7Hydraulic Radius

ft2.49Top Width

in1.8Critical Depth

ft/ft0.049Critical Slope

ft/s1.22Velocity

ft0.02Velocity Head

ft0.24Specific Energy

0.555Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in2.5Normal Depth

in1.8Critical Depth

ft/ft0.014Channel Slope

ft/ft0.049Critical Slope
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Area 3 Section C-C - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.014Channel Slope

in2.5Normal Depth

H:V4.000Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs0.45Discharge
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FlowMaster
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WSEL for Area 3 Section C-C - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.014Channel Slope

H:V4.000Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs1.87Discharge

Results

in5.1Normal Depth

ft²1.1Flow Area

ft4.1Wetted Perimeter

in3.1Hydraulic Radius

ft3.97Top Width

in4.0Critical Depth

ft/ft0.040Critical Slope

ft/s1.78Velocity

ft0.05Velocity Head

ft0.47Specific Energy

0.609Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in5.1Normal Depth

in4.0Critical Depth

ft/ft0.014Channel Slope

ft/ft0.040Critical Slope
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Area 3 Section C-C - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.014Channel Slope

in5.1Normal Depth

H:V4.000Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs1.87Discharge
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WSEL for Area 3 Section D-D - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.013Roughness Coefficient

ft/ft0.001Channel Slope

H:V4.100Left Side Slope

H:V3.100Right Side Slope

ft1.00Bottom Width

cfs0.45Discharge

Results

in2.8Normal Depth

ft²0.4Flow Area

ft2.7Wetted Perimeter

in1.9Hydraulic Radius

ft2.68Top Width

in1.8Critical Depth

ft/ft0.005Critical Slope

ft/s1.05Velocity

ft0.02Velocity Head

ft0.25Specific Energy

0.462Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in2.8Normal Depth

in1.8Critical Depth

ft/ft0.001Channel Slope

ft/ft0.005Critical Slope
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Area 3 Section D-D - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.013Roughness Coefficient

ft/ft0.001Channel Slope

in2.8Normal Depth

H:V4.100Left Side Slope

H:V3.100Right Side Slope

ft1.00Bottom Width

cfs0.45Discharge
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WSEL for Area 3 Section D-D - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.013Roughness Coefficient

ft/ft0.001Channel Slope

H:V4.100Left Side Slope

H:V3.100Right Side Slope

ft1.00Bottom Width

cfs1.87Discharge

Results

in5.5Normal Depth

ft²1.2Flow Area

ft4.4Wetted Perimeter

in3.3Hydraulic Radius

ft4.31Top Width

in3.9Critical Depth

ft/ft0.004Critical Slope

ft/s1.53Velocity

ft0.04Velocity Head

ft0.50Specific Energy

0.507Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in5.5Normal Depth

in3.9Critical Depth

ft/ft0.001Channel Slope

ft/ft0.004Critical Slope
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Area 3 Section D-D - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.013Roughness Coefficient

ft/ft0.001Channel Slope

in5.5Normal Depth

H:V4.100Left Side Slope

H:V3.100Right Side Slope

ft1.00Bottom Width

cfs1.87Discharge
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WSEL for Area 6 Section A-A - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.007Channel Slope

H:V9.100Left Side Slope

H:V5.700Right Side Slope

ft1.00Bottom Width

cfs0.57Discharge

Results

in2.9Normal Depth

ft²0.7Flow Area

ft4.6Wetted Perimeter

in1.7Hydraulic Radius

ft4.55Top Width

in1.8Critical Depth

ft/ft0.051Critical Slope

ft/s0.86Velocity

ft0.01Velocity Head

ft0.25Specific Energy

0.396Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in2.9Normal Depth

in1.8Critical Depth

ft/ft0.007Channel Slope

ft/ft0.051Critical Slope
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4/10/2024

FlowMaster
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Area 6 Section A-A - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.007Channel Slope

in2.9Normal Depth

H:V9.100Left Side Slope

H:V5.700Right Side Slope

ft1.00Bottom Width

cfs0.57Discharge

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

4/9/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center1938_Swale Calcs.fm8



WSEL for Area 6 Section A-A - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.007Channel Slope

H:V9.100Left Side Slope

H:V5.700Right Side Slope

ft1.00Bottom Width

cfs2.40Discharge

Results

in5.4Normal Depth

ft²1.9Flow Area

ft7.7Wetted Perimeter

in3.0Hydraulic Radius

ft7.64Top Width

in3.7Critical Depth

ft/ft0.042Critical Slope

ft/s1.24Velocity

ft0.02Velocity Head

ft0.47Specific Energy

0.434Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in5.4Normal Depth

in3.7Critical Depth

ft/ft0.007Channel Slope

ft/ft0.042Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8



Area 6 Section A-A - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.007Channel Slope

in5.4Normal Depth

H:V9.100Left Side Slope

H:V5.700Right Side Slope

ft1.00Bottom Width

cfs2.40Discharge

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

4/9/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center1938_Swale Calcs.fm8



WSEL for Area 6 Section B-B - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.080Channel Slope

H:V3.100Left Side Slope

H:V4.700Right Side Slope

ft1.00Bottom Width

cfs0.57Discharge

Results

in1.8Normal Depth

ft²0.2Flow Area

ft2.2Wetted Perimeter

in1.3Hydraulic Radius

ft2.17Top Width

in2.1Critical Depth

ft/ft0.048Critical Slope

ft/s2.39Velocity

ft0.09Velocity Head

ft0.24Specific Energy

1.268Froude Number

SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in1.8Normal Depth

in2.1Critical Depth

ft/ft0.080Channel Slope

ft/ft0.048Critical Slope

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

4/15/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center1938_Swale Calcs.fm8



Area 6 Section B-B - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.080Channel Slope

in1.8Normal Depth

H:V3.100Left Side Slope

H:V4.700Right Side Slope

ft1.00Bottom Width

cfs0.57Discharge

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

4/15/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center1938_Swale Calcs.fm8



WSEL for Area 6 Section B-B - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.080Channel Slope

H:V3.100Left Side Slope

H:V4.700Right Side Slope

ft1.00Bottom Width

cfs2.40Discharge

Results

in3.7Normal Depth

ft²0.7Flow Area

ft3.5Wetted Perimeter

in2.3Hydraulic Radius

ft3.41Top Width

in4.4Critical Depth

ft/ft0.039Critical Slope

ft/s3.53Velocity

ft0.19Velocity Head

ft0.50Specific Energy

1.394Froude Number

SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in3.7Normal Depth

in4.4Critical Depth

ft/ft0.080Channel Slope

ft/ft0.039Critical Slope

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

4/15/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center1938_Swale Calcs.fm8



Area 6 Section B-B - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.080Channel Slope

in3.7Normal Depth

H:V3.100Left Side Slope

H:V4.700Right Side Slope

ft1.00Bottom Width

cfs2.40Discharge

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

4/15/2024

FlowMaster
[10.03.00.03]

Bentley Systems, Inc.  Haestad Methods Solution  
Center1938_Swale Calcs.fm8



WSEL for Area 6 Section B-B - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.045Channel Slope

H:V4.200Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs0.57Discharge

Results

in2.1Normal Depth

ft²0.3Flow Area

ft2.3Wetted Perimeter

in1.5Hydraulic Radius

ft2.27Top Width

in2.1Critical Depth

ft/ft0.048Critical Slope

ft/s1.97Velocity

ft0.06Velocity Head

ft0.24Specific Energy

0.973Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in2.1Normal Depth

in2.1Critical Depth

ft/ft0.045Channel Slope

ft/ft0.048Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8

C-C



Area 6 Section B-B - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.045Channel Slope

in2.1Normal Depth

H:V4.200Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs0.57Discharge

Page 1 of 127 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  
Center1938_Swale Calcs.fm8

C-C



WSEL for Area 6 Section B-B - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.045Channel Slope

H:V4.200Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs2.40Discharge

Results

in4.3Normal Depth

ft²0.8Flow Area

ft3.7Wetted Perimeter

in2.7Hydraulic Radius

ft3.59Top Width

in4.5Critical Depth

ft/ft0.039Critical Slope

ft/s2.90Velocity

ft0.13Velocity Head

ft0.49Specific Energy

1.068Froude Number

SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in4.3Normal Depth

in4.5Critical Depth

ft/ft0.045Channel Slope

ft/ft0.039Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8

C-C



Area 6 Section B-B - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.045Channel Slope

in4.3Normal Depth

H:V4.200Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs2.40Discharge

Page 1 of 127 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  
Center1938_Swale Calcs.fm8

C-C



WSEL for Area 6 Section C-C - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.030Channel Slope

H:V4.000Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs0.57Discharge

Results

in2.4Normal Depth

ft²0.3Flow Area

ft2.4Wetted Perimeter

in1.6Hydraulic Radius

ft2.38Top Width

in2.1Critical Depth

ft/ft0.048Critical Slope

ft/s1.71Velocity

ft0.05Velocity Head

ft0.24Specific Energy

0.804Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in2.4Normal Depth

in2.1Critical Depth

ft/ft0.030Channel Slope

ft/ft0.048Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8

D-D



Area 6 Section C-C - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.030Channel Slope

in2.4Normal Depth

H:V4.000Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs0.57Discharge

Page 1 of 127 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  
Center1938_Swale Calcs.fm8

D-D



WSEL for Area 6 Section C-C - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.030Channel Slope

H:V4.000Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs2.40Discharge

Results

in4.8Normal Depth

ft²1.0Flow Area

ft3.9Wetted Perimeter

in2.9Hydraulic Radius

ft3.79Top Width

in4.5Critical Depth

ft/ft0.039Critical Slope

ft/s2.52Velocity

ft0.10Velocity Head

ft0.50Specific Energy

0.884Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in4.8Normal Depth

in4.5Critical Depth

ft/ft0.030Channel Slope

ft/ft0.039Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8

D-D



Area 6 Section C-C - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.030Channel Slope

in4.8Normal Depth

H:V4.000Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs2.40Discharge

Page 1 of 127 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  
Center1938_Swale Calcs.fm8

D-D



WSEL for Area 6 Section D-D - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.037Channel Slope

H:V4.000Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs0.57Discharge

Results

in2.2Normal Depth

ft²0.3Flow Area

ft2.4Wetted Perimeter

in1.6Hydraulic Radius

ft2.31Top Width

in2.1Critical Depth

ft/ft0.048Critical Slope

ft/s1.84Velocity

ft0.05Velocity Head

ft0.24Specific Energy

0.888Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in2.2Normal Depth

in2.1Critical Depth

ft/ft0.037Channel Slope

ft/ft0.048Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8

E-E



Area 6 Section D-D - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.037Channel Slope

in2.2Normal Depth

H:V4.000Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs0.57Discharge

Page 1 of 127 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  
Center1938_Swale Calcs.fm8

E-E



WSEL for Area 6 Section D-D - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.037Channel Slope

H:V4.000Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs2.40Discharge

Results

in4.6Normal Depth

ft²0.9Flow Area

ft3.8Wetted Perimeter

in2.8Hydraulic Radius

ft3.66Top Width

in4.5Critical Depth

ft/ft0.039Critical Slope

ft/s2.72Velocity

ft0.11Velocity Head

ft0.49Specific Energy

0.975Froude Number

SubcriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in4.6Normal Depth

in4.5Critical Depth

ft/ft0.037Channel Slope

ft/ft0.039Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8

E-E



Area 6 Section D-D - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.040Roughness Coefficient

ft/ft0.037Channel Slope

in4.6Normal Depth

H:V4.000Left Side Slope

H:V3.000Right Side Slope

ft1.00Bottom Width

cfs2.40Discharge

Page 1 of 127 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  
Center1938_Swale Calcs.fm8

E-E



WSEL for Area 1 Sidewalk Chase - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.013Roughness Coefficient

ft/ft0.020Channel Slope

ft0.3Height

ft1.00Bottom Width

cfs0.15Discharge

Results

in0.8Normal Depth

ft²0.1Flow Area

ft1.1Wetted Perimeter

in0.7Hydraulic Radius

ft1.00Top Width

in1.1Critical Depth

%18.9Percent Full

ft/ft0.007Critical Slope

ft/s2.38Velocity

ft0.09Velocity Head

ft0.15Specific Energy

1.671Froude Number

cfs1.35Discharge Full

ft/ft0.020Slope Full

SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

%0.0Average End Depth Over Rise

%18.9Normal Depth Over Rise

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in0.8Normal Depth

in1.1Critical Depth

ft/ft0.020Channel Slope

ft/ft0.007Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8



Cross Section for Area 1 Sidewalk Chase - 2-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.013Roughness Coefficient

ft/ft0.020Channel Slope

in0.8Normal Depth

ft0.3Height

ft1.00Bottom Width

cfs0.15Discharge

Page 1 of 127 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  
Center1938_Swale Calcs.fm8



WSEL for Area 1 Sidewalk Chase - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.013Roughness Coefficient

ft/ft0.020Channel Slope

ft0.3Height

ft1.00Bottom Width

cfs0.63Discharge

Results

in1.9Normal Depth

ft²0.2Flow Area

ft1.3Wetted Perimeter

in1.5Hydraulic Radius

ft1.00Top Width

in2.8Critical Depth

%47.9Percent Full

ft/ft0.007Critical Slope

ft/s3.95Velocity

ft0.24Velocity Head

ft0.40Specific Energy

1.744Froude Number

cfs1.35Discharge Full

ft/ft0.020Slope Full

SupercriticalFlow Type

GVF Input Data

in0.0Downstream Depth

ft0.0Length

0Number Of Steps

GVF Output Data

in0.0Upstream Depth

N/AProfile Description

ft0.00Profile Headloss

%0.0Average End Depth Over Rise

%47.9Normal Depth Over Rise

ft/sInfinityDownstream Velocity

ft/sInfinityUpstream Velocity

in1.9Normal Depth

in2.8Critical Depth

ft/ft0.020Channel Slope

ft/ft0.007Critical Slope

Page 1 of 127 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  
Center1938_Swale Calcs.fm8



Cross Section for Area 1 Sidewalk Chase - 100-yr

Project Description

Manning 
Formula

Friction Method

Normal DepthSolve For

Input Data

0.013Roughness Coefficient

ft/ft0.020Channel Slope

in1.9Normal Depth

ft0.3Height

ft1.00Bottom Width

cfs0.63Discharge

Page 1 of 127 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  
Center1938_Swale Calcs.fm8
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APPENDIX 4 STORMCAD PIPE CALCULATIONS 

 

 

 

 

 

 

 

  



Scenario: 2-YR
Current Time Step: 0.000 h
FlexTable: Catch Basin Table

Y:\CenterPoint Engineering\1938 - Forest Trace (Aurora, CO)\7.0 - Reports\Drainage\STORMCAD\Forest Trace_StormCAD.stsw

Label
Elevation 
(Ground) 

(ft)

Elevation 
(Invert) (ft)

Total 
Inlet CA 
(acres)

Headloss 
Coefficient 
(Standard)

System 
Rational 

Flow (cfs)

Flow 
(Total 
Out) 
(cfs)

Flow 
(Additional 
Carryover) 

(cfs)

Hydraulic 
Grade Line 

(Out) (ft)

Energy 
Grade 

Line (Out) 
(ft)

System 
Flow 
Time 
(min)

BEGINNING OF PIPE 6,049.11 6,048.11 0.189 0.000 0.04 0.04 0.00 6,048.19 6,048.21 556.200

Page 1 of 1

4/10/2024file:///C:/Users/mshigio/AppData/Local/Temp/Bentley/StormCAD/110py0mx.xml



Scenario: 100-YR
Current Time Step: 0.000 h
FlexTable: Catch Basin Table

Y:\CenterPoint Engineering\1938 - Forest Trace (Aurora, CO)\7.0 - Reports\Drainage\STORMCAD\Forest Trace_StormCAD.stsw

Label
Elevation 
(Ground) 

(ft)

Elevation 
(Invert) (ft)

Total 
Inlet CA 
(acres)

Headloss 
Coefficient 
(Standard)

System 
Rational 

Flow (cfs)

Flow 
(Total 
Out) 
(cfs)

Flow 
(Additional 
Carryover) 

(cfs)

Hydraulic 
Grade Line 

(Out) (ft)

Energy 
Grade 

Line (Out) 
(ft)

System 
Flow 
Time 
(min)

BEGINNING OF PIPE 6,049.11 6,048.11 0.252 0.000 0.14 0.14 0.00 6,048.26 6,048.31 540.000

Page 1 of 1

4/10/2024file:///C:/Users/mshigio/AppData/Local/Temp/Bentley/StormCAD/pm0mf3db.xml



Scenario: 2-YR
Current Time Step: 0.000 h
FlexTable: Conduit Table

Y:\CenterPoint Engineering\1938 - Forest Trace (Aurora, CO)\7.0 - Reports\Drainage\STORMCAD\Forest 

Trace_StormCAD.stsw

Invert 
(Start) (ft)

Invert 
(Stop) (ft)

Length 
(User 

Defined) 
(ft)

Slope 
(Calculated) 

(ft/ft)

Velocity 
(ft/s)

Diameter 
(in)

Flow 
(cfs)

Hydraulic 
Grade Line 

(Out) (ft)

6,048.11 6,047.58 54.5 0.010 1.45 12.0 0.04 6,047.65

Page 1 of 1

4/10/2024file:///C:/Users/mshigio/AppData/Local/Temp/Bentley/StormCAD/24pjgkeu.xml



Scenario: 100-YR
Current Time Step: 0.000 h
FlexTable: Conduit Table

Y:\CenterPoint Engineering\1938 - Forest Trace (Aurora, CO)\7.0 - Reports\Drainage\STORMCAD\Forest 

Trace_StormCAD.stsw

Invert 
(Start) (ft)

Invert 
(Stop) (ft)

Length 
(User 

Defined) 
(ft)

Slope 
(Calculated) 

(ft/ft)

Velocity 
(ft/s)

Diameter 
(in)

Flow 
(cfs)

Hydraulic 
Grade Line 

(Out) (ft)

6,048.11 6,047.58 54.5 0.010 2.16 12.0 0.14 6,047.71

Page 1 of 1

4/10/2024file:///C:/Users/mshigio/AppData/Local/Temp/Bentley/StormCAD/jcueb5hu.xml



Scenario: 2-YR
Current Time Step: 0.000 h
FlexTable: Outfall Table

Y:\CenterPoint Engineering\1938 - Forest Trace (Aurora, CO)\7.0 - Reports\Drainage\STORMCAD\Forest 

Trace_StormCAD.stsw

Label
Elevation 
(Ground) 

(ft)

Elevation 
(Invert) 

(ft)

Boundary 
Condition 

Type

Hydraulic 
Grade 

(ft)

Flow 
(Total 
Out) 
(cfs)

6'-12" FLARED END DRAIN 6,047.58 6,047.58 Free Outfall 6,047.65 0.04

Page 1 of 1

4/10/2024file:///C:/Users/mshigio/AppData/Local/Temp/Bentley/StormCAD/ajo1crkm.xml



Scenario: 100-YR
Current Time Step: 0.000 h
FlexTable: Outfall Table

Y:\CenterPoint Engineering\1938 - Forest Trace (Aurora, CO)\7.0 - Reports\Drainage\STORMCAD\Forest 

Trace_StormCAD.stsw

Label
Elevation 
(Ground) 

(ft)

Elevation 
(Invert) 

(ft)

Boundary 
Condition 

Type

Hydraulic 
Grade 

(ft)

Flow 
(Total 
Out) 
(cfs)

6'-12" FLARED END DRAIN 6,047.58 6,047.58 Free Outfall 6,047.71 0.14

Page 1 of 1

4/10/2024file:///C:/Users/mshigio/AppData/Local/Temp/Bentley/StormCAD/fe3tdwqu.xml



Profile Report

Engineering Profile - STORM SEWER A (Forest Trace_StormCAD.stsw)

6,045.00

6,050.00

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

Station (ft)

E
le

v
a

ti
o

n
 (

ft
)

BEGINNING OF PIPE
Rim: 6,049.11 ft

Invert: 6,048.11 ft
HGL Out: 6,048.19 ft

6'-12" FLARED END DRAIN
Rim: 6,048.84 ft
Invert: 6,047.58 ft
HGL: 6,047.65 ft

54.5 ft @ 0.010 ft/ft

12.0 in Concrete

Page 1 of 176 Watertown Road, Suite 2D  Thomaston, CT 06787  USA  +1-203-755-16664/10/2024

StormCAD
[10.04.00.158]Bentley Systems, Inc.  Haestad Methods Solution CenterForest Trace_StormCAD.stsw
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2-YR HGL



Profile Report

Engineering Profile - STORM SEWER A (Forest Trace_StormCAD.stsw)

6,045.00

6,050.00

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

Station (ft)

E
le

v
a

ti
o

n
 (

ft
)

BEGINNING OF PIPE
Rim: 6,049.11 ft

Invert: 6,048.11 ft
HGL Out: 6,048.26 ft

6'-12" FLARED END DRAIN
Rim: 6,048.84 ft
Invert: 6,047.58 ft
HGL: 6,047.71 ft

54.5 ft @ 0.010 ft/ft

12.0 in Concrete

Page 1 of 176 Watertown Road, Suite 2D  Thomaston, CT 06787  USA  +1-203-755-16664/10/2024

StormCAD
[10.04.00.158]Bentley Systems, Inc.  Haestad Methods Solution CenterForest Trace_StormCAD.stsw
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APPENDIX 5 RIPRAP SIZING 

 



PROJECT NAME:

PROJECT NO.:

DESIGN BY:

JURISDICTION:

DATE:

Area 2 Riprap Sizing

q (cfs/ft) 0.43

� 9.1

� 40

np 0.25

C 0.27

g (ft/s
2
) 32.2

Gs 2.5

D50 0.31 Use D50 = 6" 

PROJECT INFORMATION

FOREST TRACE

1938

J.OLIVETO

AURORA, COLORADO

4/10/2024
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#

$%&'()#*+,-.##/%0(10#10(23#4)51%6#72(#8'69)(5:#%3+6%3)#;%5<#5<)#8<133)6#

# #



Project: 

Basin ID:

Soil Type:

Supercritical Flow!  Using Da to calculate protection type.

Design Information (Input):

Design Discharge Q = 1.86 cfs

Circular Culvert:

Barrel Diameter in Inches D = 12 inches

Inlet Edge Type (Choose from pull-down list)

Box Culvert: OR  

Barrel Height (Rise) in Feet Height (Rise) = ft

Barrel Width (Span) in Feet Width (Span) = ft

Inlet Edge Type (Choose from pull-down list)

Number of Barrels No = 1  

Inlet Elevation Elev IN = 6048.11 ft

Outlet Elevation OR Slope Elev OUT = 6047.58 ft

Culvert Length  L = 44.5 ft

Manning's Roughness n = 0.012

Bend Loss Coefficient kb = 0

Exit Loss Coefficient kx = 1

Tailwater Surface Elevation Elev Yt = 6047.71 ft

Max Allowable Channel Velocity V = 5 ft/s

Required Protection (Output):

Tailwater Surface Height Yt = 0.13 ft

Flow Area at Max Channel Velocity At = 0.37 ft
2

Culvert Cross Sectional Area Available A = 0.79 ft
2

Entrance Loss Coefficient ke = 0.50

Friction Loss Coefficient kf = 1.18

Sum of All Losses Coefficients ks = 2.68 ft

Culvert Normal Depth Yn = 0.46 ft

Culvert Critical Depth Yc = 0.58 ft

Tailwater Depth for Design d = 0.79 ft

Adjusted Diameter OR Adjusted Rise Da = 0.73 ft

Expansion Factor 1/(2*tan(Θ)) = 1.88

Flow/Diameter
2.5

 OR Flow/(Span * Rise
1.5

) Q/D^2.5 = 1.86 ft
0.5

/s

Froude Number Fr = 1.53 Supercritical!

Tailwater/Adjusted Diameter OR Tailwater/Adjusted Rise Yt/D = 0.18

Inlet Control Headwater HWI = 0.88 ft

Outlet Control Headwater HWO = 0.49

Design Headwater Elevation HW = 6,048.99 ft

Headwater/Diameter OR Headwater/Rise Ratio HW/D = 0.88

Minimum Theoretical Riprap Size d50 = 7 in

Nominal Riprap Size d50 = 9 in

UDFCD Riprap Type Type = L

Length of Protection Lp = 4 ft

Width of Protection T = 4 ft

Determination of Culvert Headwater and Outlet Protection

Blue cells are for user data entry

Green cells are calculated values

Choose One:

Sandy

Non-Sandy

joliveto2
Highlight
Minimum Theoretical Riprap Size d50 = 7 in
Nominal Riprap Size d50 = 9 in
UDFCD Riprap Type Type = L
Length of Protection Lp = 4 ft
Width of Protection T = 4 ft
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APPENDIX 6 SUPPORTING DOCUMENTATION FROM EDN 

215037 
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FGHIJKJLFGHFMKNOFGHIFKPQFGHFHKQQMFKINMINKNNLQKQPPQKH96 4"!.!HKHQIMMNKJFGHIPKPJFGHINKOJ1D)�R%QJ1D)�R%9QO9,SM

FGHILKOJFGHILKFIFGHINKQFFGHINKOQMFKQIMIOKJMLMKJPPQKH96 4"!.!HKHQOPMKHFGHIOKOOFGHIPKQJ9QO1D)�R%QJ9,SQ

FGHILKMJFGHILKQIFGHILKHLFGHILKMPQKFFMIKJNLKONQPKH96 4"!.!HKHHIPHKMFGHIIKOPFGHIIKIP1D)�R%9QP1D)�R%9QIT*:!%S%+NH/

FGHINKPPFGHILKMFFGHINKQFFGHINKJLOKPHMFKJJMHKFLQPKH96 4"!.!HKHHFOQHKJFGHIOKOOFGHIIKMP9QO1D)�R%9QPT*:!%S%+NM/

FGHINKHFFGHINKPHFGHIFKQQFGHIFKHOMIKNHQHQKQJJMKIFPLKH96 4"!.!HKHQHOJKLFGHIQKOPFGHIOKMO9QQ9QOT*:!%S%+NQ/

FGHIFKOPFGHIFKFHFGHIIKIQFGHIIKFFMIKNPQHOKMLJMKPIPLKH96 4"!.!HKHQHFNKHFGHIHKLHFGHIQKMP9QM9QQT*:!%S%+NO/

FGHIPKQHFGHIIKNHFGHIQKLHFGHIOKLJMFKLQQHOKQPMMJKOOPLKH96 4"!.!HKHQHJLKPFGHPLKFOFGHIHKFH9QH9QMT*:!%S%+NP/

FGHPIKMIFGHIOKIQFGHPOKNIFGHIMKNQQHKPQQFOKQLMMLKJLPLKH96 4"!.!HKHOPQJOKQFGHOLKILFGHPLKPO9MJ9QHT*:!%S%+NI/

FGHPOKHOFGHPOKNIFGHPMKPMFGHPMKNNMLKFMQQFKLMMQLKOOPLKH96 4"!.!HKHQIPFKIFGHONKQQFGHOLKOL9L9MJT*:!%S%+NF/

FGHPMKHOFGHPMKFOFGHOLKLHFGHOJKOJMQKHHQHQKJJMIHKNLPLKH96 4"!.!HKHQHIPKMFGHOOKPFFGHOPKIP9N9LT*:!%S%+NN/

FGHOLKLFFGHOJKFJFGHOFKFPFGHONKPFMMKJNQHOKMPMIHKPIPLKH96 4"!.!HKHQHNIKHFGHOMKNFFGHOOKQF9F9NT*:!%S%+NL/

FGHOHKIJFGHONKFQFGHQLKONFGHOIKMFQOKMPQLNKNLMPJKJJPLKH96 4"!.!HKHPHQQMKNFGHQQKFFFGHOMKIF9ISM9FT*:!%S%+NJ/

FGHQNKLLFGHQJKPNFGHQIKFLFGHQNKQLMMKLLMNPKQMMPJKQJPLKH96 4"!.!HKHMIMPNKIFGHMJKOMFGHQMKPL9I9ISMT*:!%S%+NJ/%+M/

FGHQIKNQFGHQIKJMFGHQOKPLFGHQOKFNMQKHMQHJKQNMIHKJOPLKH96 4"!.!HKHQMMNKHFGHMLKNIFGHMJKMM1D)�R%9P9IT*:!%S%+LH/

FGHQMKIOFGHQPKNLFGHMPKHOFGHQQKMLQIKOQOQMKMPMIPKLFPLKH96 4"!.!HKHIHMOPKQFGHMMKLPFGHMLKII9O1D)�R%9PT*:!%S%+LM/

FGHHJKMPFGHMIKFLFGHHHKPQFGHMOKMHQIKOHOQMKHMMIPKPNPLKH96 4"!.!HKHIHQQQKPIGJJLKOFFGHHJKPN9QSM9OT*:!%S%+LQ/

IGJJLKLLIGJJJKIOIGJJPKLMIGJJFKJFQHKOMQPHKFNMIOKLQPLKH96 4"!.!HKHQLPLKPIGJJMKJLIGJJOKOP9Q9QSMT*:!%S%+LQ/%+M/

IGJLJKLFIGJJHKOLIGJLNKIPIGJLLKHFMQKQOOMIKNHMIOKFPPLKH96 4"!.!HKHPLPIKIIGJLHKFHIGJLQKLH9M9QT*:!%S%+LO/

FGHIMKIFFGHIQKOLFGHIHKHNFGHIHKLJJKLHMIKINMNKOQMLKH96 4"!.!HKHQQOHKHFGHPLKQFFGHPLKJQ9MP1D)�R%9MFT*:!%S%+LL/

FGHPPKMMFGHIHKQJFGHPOKFPFGHPJKIFMOKIJPIKJPMNKQJQPKH96 4"!.!HKHPMQONKPFGHOLKQNFGHPLKHF9MO9MPT*:!%S%+LJ/

FGHPMKLFFGHPQKHHFGHPMKFFFGHPMKLHOKILINKNPQIKQLOFKH96 4"!.!HKHHNJNKPFGHOIKJQFGHOFKFI9MH9MMT*:!%S%+JM/

FGHPMKFHFGHPMKNPFGHPMKPMFGHPMKIIOKIQFIKMHQPKJHOFKH96 4"!.!HKHMHMHQKJFGHOPKNPFGHOIKNQ9L9MHT*:!%S%+JO/

FGHPMKJLFGHPQKHHFGHPMKJPFGHPMKJNMKPLMFKQHPKFPQPKH96 4"!.!HKHHIIFKIFGHOLKMJFGHOLKPL9MM9MQT*:!%S%+JP/

FGHJHKMOFGHJMKJMFGHLLKJFFGHJHKNILKFFMPKLIMIKOHMLKH96 4"!.!HKHQHLPKHFGHLNKHOFGHLLKNM9OM1D)�R%9OQT*:!%S%+JI/

FGHLIKPMFGHLJKPIFGHLPKQFFGHLLKQPMMKNQMLKIFMIKMJMLKH96 4"!.!HKHOMMLLKNFGHLHKJPFGHLFKLO9OH9OMT*:!%S%+JF/

FGHNLKFQFGHLPKQFFGHNFKIJFGHLQKQMMPKJPQOKPNQHKQHMLKH96 4"!.!HKHIHMOOKQFGHNPKHJFGHLHKNP9QJ9OHT*:!%S%+JN/

FGHNOKOPFGHNNKPHFGHNMKOOFGHNIKONMPKJPQOKPJQHKHJMLKH96 4"!.!HKHIHMHMKHFGHFLKLIFGHNOKJH9QL9QJT*:!%S%+JL/

FGHFNKLOFGHNQKMOFGHFIKLPFGHNHKMQMPKIFQQKLMQHKHMMLKH96 4"!.!HKHPNMMHKJFGHFOKPQFGHFLKFI9QN9QLT*:!%S%+JJ/

FGHFMKOLFGHFFKFOFGHIJKPMFGHFPKFIMMKQNQQKNNMJKJQMLKH96 4"!.!HKHPNMPIKJFGHIFKHFFGHFQKJQ9QF9QNT*:!%S%+MHH/

FGHILKIQFGHIJKPMFGHIIKPOFGHINKNIMNKHHIHKILOMKNPQPKH96 4"!.!HKHIHOIKFFGHIPKHLFGHIIKLF9QM9QFT*:!%S%+MHM/

FGHIJKNLFGHIJKJLFGHIJKPMFGHIJKFHPKJHMHKPLLKFIMLKH96 4"!.!HKHMHQJKMFGHIFKHFFGHIFKOI9QF1D)�R%9QFSMT*:!%S%+MHO/

FGHIJKIQFGHIJKIFFGHIJKPMFGHIJKPIQKFIQOKPJPKFJMLKH96 4"!.!HKHIHQQKQFGHIFKHFFGHINKMN9QF1D)�R%9QFSQT*:!%S%+MHP/

FGHLPKOQFGHLPKOIFGHLPKQFFGHLPKQJQKHHQHKLLOKIOMLKH96 4"!.!HKHPHQOKHFGHLHKJPFGHLMKLI9OH1D)�R%9OHSQT*:!%S%+MHI/

FGHLPKOOFGHLPKOFFGHLPKQFFGHLPKQJQKMIQHKLLOKLMMLKH96 4"!.!HKHPHQOKHFGHLHKJPFGHLMKLI9OH1D)�R%9OHSMT*:!%S%+MHF/

FGHPOKIHFGHPOKFPFGHPQKNPFGHPQKLLNKHQOJKMFQQKHIQPKH96 4"!.!HKHOHMIKHFGHONKFQFGHOLKHN1D)�R%9MOSM9MOT*:!%S%+MMM/

FGHPOKLHFGHPOKLPFGHPOKFPFGHPOKFJOKMPQHKMHIKIPMLKH96 4"!.!HKHONMIKHFGHOLKQNFGHOLKLQ9MO1D)�R%9MOSQT*:!%S%+MMQ/

FGHPQKMHFGHPQKMOFGHPMKJJFGHPQKHQQKFPNKQMPKFFMLKH96 4"!.!HKHHIMNKHFGHOLKJLFGHOJKHF9MQ1D)�R%9MQSQT*:!%S%+MMO/

FGHPOKLMFGHPOKLOFGHPOKNIFGHPOKNNMKJHQOKPNOKOFMLKH96 4"!.!HKHIHMNKHFGHPHKMOFGHPHKJL9MJ1D)�R%9MJSMT*:!%S%+MMN/

FGHPPKQIFGHPPKPMFGHPOKNIFGHPOKJMIKFFQOKPNMHKHHMLKH96 4"!.!HKHIHMNKHFGHPHKMOFGHPHKJL9MJ1D)�R%9MJSQT*:!%S%+MML/

FGHQIKNPFGHQIKNNFGHQIKFLFGHQIKNMMKJFNKOLOKPNMLKH96 4"!.!HKHHIQFKPFGHMJKOMFGHMJKPP9I1D)�R%9IT*:!%S%+MMJ/

FGHIOKFMFGHIFKJOFGHIOKHFFGHIFKQOMMKHHMLKJQMHKIIMLKH96 4"!.!HKHOQMHLKIFGHIMKPFFGHIPKJL1D)�R%9MI1D)�R%9MLT*:!%S%+MQM/

FGHIOKHMFGHIOKIQFGHIQKHLFGHIQKIJNKNPMPKHNMOKFNMLKH96 4"!.!HKHMLOHKMFGHPJKLMFGHIHKOI1D)�R%9MF1D)�R%9MIT*:!%S%+MQQ/

FGHPQKNLFGHPOKMIFGHPMKJPFGHPQKOQNKOOQLKOJQOKHQQPKHUD6 !VHKHMFOFKQFGHOFKLIFGHONKPQ9MM1D)�R%9MOSMT*:!S+JH/
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PORTION OF A6 THAT IS NOW DIVERTED AWAY FROM THE POINT OF DISCHARGE INLET MEANS LESS FLOW GOING THERE 


