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Section 1 General Location and Description 

1.1 Site Location 

Canyon Peak Power LLC (“Canyon Peak”) an affiliate of Kindle Energy LLC, is proposing a 150-170 

MW power generation facility in Arapahoe County. The project site is located at 5050 N County RD 129, 

Bennett, CO 80102, 1 mile south of the intersection of County Road 129 and County Road 30. The 

property was developed in 2007 with a substation. This project will use vacant portions of the site to 

expand the substation to the east. The site is zoned as ‘A-1’ (Agricultural). The overall site is 20.0 acres. 

Directly adjacent to the site in the north, east, and south is a solar farm. The development of this site included 

the addition of solar facility components, access driveways, and security fencing. The pre-existing drainage 

patterns of this site were maintained.  

1.2 Report Purpose 

This report presents the hydrologic and hydraulic analysis for development of the Canyon Peak Power site. 

Design would be in accordance with Arapahoe County requirements per the Arapahoe County Stormwater 

Management Manual, dated July 5, 2011.  

The project is located in Section 9, Township 5 South, Range 63 West of the 6th Principal Meridian. See 

Figure 1.  

Figure 1-1: Vicinity Map 
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1.3 Property Description 

1.3.1 General 

This project includes developing the east side of an existing substation site for expansion. The site is 

currently zoned ‘A-1’ (Agricultural). Existing ground cover of the east portion of the site includes native 

grasses and brush. The proposed development would maintain the overall drainage pattern and provide a 

detention pond in the southeast corner to attenuate flow and provide water quality contained volume. The 

proposed development requires removing the existing development’s stormwater detention measures. The 

proposed development will include new detention facilities that maintain the existing outflow offsite.  

The proposed expansion of the site includes gravel access roads and parking around the perimeter. The 

total proposed impervious area is 5.60 acres and the total disturbed area is 13.60  acres. Drainage will be 

provided by ditches storm sewer conveying runoff to a proposed extended detention basin.  

1.3.2 General Topography 

Existing slopes on site are between 0.5-3 percent. The existing substation slopes southeast and existing 

grading on the west part of the site will not be altered during the proposed development. There is 

currently a concrete channel on the south end of the site the directs runoff from west to east to an outlet 

on the SE corner of the site. The outlet structure maintains a 100-year outflow of 16.16 cfs. It also 

provides the sites water quality volume. There are two grass swales that convey runoff to the concrete 

channel from the north and from the west.  

1.3.3 General Soil Conditions 

The project site contains Hydrologic Soil Group (HSG) C. Type C soils have moderate infiltration rates 

and moderate to high runoff potential. Soil information was obtained from the NRCS Soils Map and are 

provided in Appendix A. The primary soil types at the project site are listed in Table 1-1.  

Table 1-1: Hydrologic Soil Groups 

Map Symbol Description HSG 

WrB 
Weld-Deertrail silt loams, 0 to 3 

percent slopes 
C 

AdC 
Adena-Colby silt loams, 1 to 5 

percent slopes 
C 

 

Stanley Consultants is unaware of any groundwater present at the proposed development. No groundwater 

was found at the bore locations performed by H.P. Geotech at the proposed development.  

1.3.3 Major Drainageways 

The project site is not located near a major waterway. The project site is located in the South Platte River 

Watershed. Runoff from the site is received by Kiowa Creek. 
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The site is not located within a special flood hazard zone as shown per Flodd Insurance Rate Maps 

(Community Panel 08005C0265K, dated 12-17-2010 and Panel 08005C0575K, dated 12-17-2012) 

published by the Federal Emergency Management Agency (FEMA). The site is also outside of the Kiowa 

Creek Master Drainage Plan’s Existing and Proposed100-year Flood Plain. 

1.3.4 Irrigation Facilities 

Stanley Consultants is unaware of any existing irrigation canals or ditches on site. 

1.3.5 Utilities and Other Encumbrances 

Stanley Consultants is unaware of any significant geological features or other encumbrances on site.  

Due to the site being a substation, there are many overhead utilities. There are no known underground 

utilities impeding site design.  
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Section 2 Drainage Basins and Sub-Basins 

2.1  Drainage Areas  

Existing Drainage Areas 

Existing drainage patterns on the site generally drain from north to south to roadside ditches along the 

southwest end of the project site. Water then flows to the west and into a concrete channel along the 

southeast edge of the site where it outlets to the southeast corner of the site. The concrete channel is used 

as a water quality volume BMP and for the 100-year storm flood control. Existing slopes on the site are 

between 0.5 to 3 percent. The current site’s impervious area is 2.41 acres. 

Directly adjacent to the site is a solar farm which maintained pre-existing drainage patterns.  

Proposed Drainage Areas 

The proposed design includes development on the east portion of the site. The site will be covered with 

gravel with concrete pads constructed to support the proposed equipment. The proposed total impervious 

area after expansion is 5.60 acres. Runoff will be conveyed to a detention pond by overland flow, 

conveyance ditches, and storm sewer. The existing concrete channel will be removed to accommodate the 

proposed design. The existing grass channel will convey runoff from the west of the site to a culvert 

under the west proposed access road. A secondary culvert will be installed under the east proposed access 

road. A vegetated channel will convey runoff from north to south and connect to the grass channel along 

the southern border of the site. The detention pond will continue use the same outfall location and 

elevation. 
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Section 3 Drainage Design Criteria 

3.1 Development Criteria Reference 

The design was based on the Arapahoe County Stormwater Management Manual, dated July 5, 2011, and 

the Mile High Flood District (MHFD) Criteria Manuals.  

• “Water Quality Capture Volume (WQCV) and flood control detention must be provided for all new 

development, redevelopment, or expansion of a site.” 

• “The 100-year volume provided for full-spectrum detention facilities are equal to the 100-year 

detention volume calculated using the UDFCD simplified equation plus the WQCV.” 

• The maximum allowable 100-year release rate should not exceed 90% of the approved 

predevelopment release rate. 

• Excess Urban Runoff Volume (EURV) is the difference between the developed and pre-developed 

runoff volume and must be included in the design criteria.  

3.2 Hydrologic and Hydraulic Design  

Rainfall data was obtained by NOAA Atlas 14 and is provided in Appendix B. The rational method was 

used for channel sizing and the UD-Detention workbook was used for the basin sizing. The peak runoff 

from the developed site was calculated using the rational method for the 100-year, 1-hour storm event. The 

percent impervious from the developed site is 27.40%. 

The maximum allowable 100-year release rate based on predevelopment conditions is 16.16 cfs. The release 

rate of 16.16 cfs will be used for the 100-year release rate.  

Detention calculations used the Modified FAA method tab from the Urban Drainage and Flood District 

workbook (ud-detention_v2.35), based on a 100-year, 1-hour storm event.  

The provided major detention volume is 1.420 acre-feet based on a catchment drainage area of 20 acres. 

The proposed pond is a extended detention basin, 4.5’ deep with 1-foot freeboard. Side slopes will be 4:1, 

and the pond bottom will be graded with a 0.5% slope. Release from the pond will use a 18-inch pipe with 

a restrictor plate attached. The overflow spillway will be designed to convey the 100-year inflow with a 

flow depth less than 0.5 feet.  

The Water Quality Capture Volume (WQCV) was calculated as 0.251 ac-ft based on the MHFD Urban 

Storm Drainage Criteria Manuals. A water surface elevation of depth 1.87’ will be required to provide this 

volume.  

The outlet structure is designed for release of the WQCV as well as the EURV and 100-year storage volume. 

The outlet will have the WQCV orifice plate, and the outlet pipe restrictor plate attached.  

The proposed ditches are sized based on a 10-year storm with calculations provided in Appendix D.  
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Section 4 Conclusions  

The project complies with the standards and requirements of Arapahoe County and the drainage report is 

in conformation with Arapahoe County Stormwater Management Manual. The basic drainage concept is to 

convey all flows from the site to the stormwater detention pond located in the southeast corner. The 

detention pond will be sized to contain the 100-year, 1-hour storm.   
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Computed by: M. Raymond 11/18/2024

Checked by:  K. Cloherty 11/21/204

Approved by: 

Project #: 31821.01  

Subject: Riprap Sizing

PURPOSE:

REFERENCES:

ANALYSIS:

The purpose of this calculation is to size drainage channels for the Kindle Energy Substation. 
Channels are sized based on the 10-year storm event using the rational method. Flow master 
for the hydraulic computations. 

1.  



Computed by: M. Raymond 11/18/2024

Checked by:  K. Cloherty 11/21/204

Approved by: 

Project #: 31821.01  

Subject: Riprap Sizing

Existing Percent Impervious

ID Area (ac)

Gravel 

(High 

Traffic)

Gravel (Low 

Traffic)
Buildings Pond Concrete

E1 6.376 0.580 1.710 0.000 0.000 0.000

E2 5.356 0.000 0.000 0.000 0.000 0.052

E3 3.09 0.000 0.000 0.000 0.000 0.000

E4 2.674 0.420 0.430 0.000 0.000 0.000

U1 1.32 0 0 0 0 0

E6 0.57 0.215 0.000 0.000 0.000 0.000

E7 1.12 0 0 0 0 0

Imprvious Ratios

Surface Type Imperviousness

Gravel Road 0.8

Gravel Yard 0.6

Buildings 0.95

Pond 0.45

Concrete 0.95

ID
Total Area (sq 

ft)

Percent 

Impervious

E1 6.38 0.23

E2 5.36 0.01

E3 3.09 0.00

E4 2.67 0.22

U1 1.32 0.18

E6 0.57 0.30

E7 1.12 0.00

0.17

0.00

Total Impervious Area (sq 

ft)

1.49

0.05

0.00

0.59

0.24



Computed by: M. Raymond 11/18/2024

Checked by:  K. Cloherty 11/21/204

Approved by: 

Project #: 31821.01  

Subject: Riprap Sizing

Proposed Percent Impervious

ID Area (sq ft)

Gravel 

(Low 

Traffic)

Buildings Pond Concrete

U1 57454 0 0 0 0

A 134513 0 0 0 0

B 139587 16443 0 0 0

C 155905 76035 0 0 0

E 24647 0 0 0 0

F 97397 1932 5334

G 31960 19657 0 0 0

I 194121 56884 0 12849 5740

H 26917 1297 0 0 0

j 69471 27620 0 0 10064

Imprvious Ratios

Surface Type Imperviousness

Gravel Road 0.8

Gravel Yard 0.6

Buildings 0.95

Pond 0.45

Concrete 0.95

ID
Total Area (sq 

ft)

Percent 

Impervious

U1 57454 #REF!

A 134513 #REF!

B 139587 #REF!

C 155905 #REF!

E 24647 #REF!

F 97397 #REF!

G 31960 #REF!

I 194121 #REF!

H 26917 #REF!

j 69471 #REF!#REF!

#REF!

#REF!

#REF!

#REF!

#REF!

Total 

Impervio

us Area 

(sq ft)

#REF!

#REF!

#REF!

#REF!



Computed by: M. Raymond 11/18/2024

Checked by:  K. Cloherty 11/21/204

Approved by: 

Project #: 31821.01  

Subject: Riprap Sizing

PURPOSE:

REFERENCES:

ANALYSIS:

1. Determine expansion factor using figure 9-35 from reference 1. 

The purpose of this calculation is to size riprap for the Kindle Energy Substation. 

1. USDCM. Volume 2.
2. Flowmaster. 

1. Determine expansion factor using figure 9-35 from reference 1. 
2. Calculate the length of protection.
3. Calculate the width of riprap and the furthest downstream point. 
4. Size riprap for riprap apron. 

1. USDCM. Volume 2.
2. USDCM. Volume 1.
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Checked by:  K. Cloherty 11/21/204

Approved by: 

Project #: 31821.01  

Subject: Riprap Sizing

W (ft) Yt (ft) Q10 (cfs) Yt/W Q/W^2.5
Expansion 

Factor

Culvert 1 1.5 0.6 4.73 0.4 1.72 6.1

Culvert 2 1.5 0.6 7.10 0.4 2.58 5.0

Pipe 1 1.5 0.6 3.51 0.4 1.27 6.4

Outfall 1.5 0.6 3.60 0.4 1.31 6.4

2. Calculate the length of protection.

Q (cfs) Velocity (fps)* At (sq ft) Lp** (ft)

Culvert 1 4.73 5.0 0.95 4.50

Culvert 2 7.10 5.0 1.42 4.50

Pipe 1 3.51 5.0 0.70 4.50

Outfall 3.60 5.0 0.72 4.50

*non-cohesive soils

**If Lp less than 3W, increase to minimum of 3W. 

3. Calculate the width of riprap and the furthest downstream point. 

Ө T (ft)

Culvert 1 0.082 2.24

Culvert 2 0.100 2.40

Pipe 1 0.078 2.20

Outfall 0.078 2.20

4. Size riprap for riprap apron. 

When the length of protection is a distance of 3*W, use type L riprap (ref 1).

D50 (ft) 0.75 (ref 2)

Min. 

Thickness (ft)
1.5



Computed by: M. Raymond 11/18/2024

Checked by:  K. Cloherty 11/21/204

Approved by: 

Project #: 31821.01  

Subject: Riprap Sizing

RESULTS

Type L ripirap should be used at all four outlets, the riprap apron should extend to a length of 4.5 
feet downstream, and the apron thickness should be at least 1.5 feet. The width of the riprap 
apron is 2.24' for culvert 1, 2.4' for culvert 2, and 2.2' for pipe 1 and outfall. 



Computed by: M. Raymond 11/18/2024
Checked by:  K. Cloherty 11/21/204
Approved by: 

Project #: 31821.01  
Subject: Riprap Sizing

1. Size conveyance channels for 10-year event.

Channels

BasinID Q To Channel

A 0.98 B
B 1.97 B

C 3.81 B
F 0.78 F
G 1.1 G
H 0.45 H
J 2.1 B

0.013
0.03

B F1 F2 G H
9.64 0.78 0.78 10.74 0.45
5763 5766 5769.7 5761.7 5767.25

5761.86 5763 5766 5761.2 5766.21
222.61 629.32 254.3 156.01 204.62
0.005 0.005 0.015 0.003 0.005

3 3 0.5 3 0.5
4 4 4 4 4

8.9 2.4 3.3 9.4 3.3
1.8 1.2 1.3 1.8 1.3
2.2 1.0 1.8 1.7 1.0

Subcritical Subcritical Subcritical Subcritical Subcritical

1. Size storm sewer

0.016
2.6

12.0
0.450

3.67
Supercritical

Manning's n for concrete =
Manning's n with grass =

Design Flow (cfs)

Downstream elevation (ft)
Length (ft)
Slope (ft/ft)

Upstream elevation (ft)

Channel Depth w/ 1' 
Velocity (ft/s)
Flow Type

Bottom width (ft)
Side slopes (H:V)

Water Depth (in)

Flow Type

Channel Slope (ft/ft)
Normal Depth (in).
Diamter (in)
Discharge (cfs)

Velocity (ft/s)



Computed by: M. Raymond 11/18/2024
Checked by:  K. Cloherty 11/21/204
Approved by: 

Project #: 31821.01  
Subject: Riprap Sizing

Runoff Coefficents Table per Mile High Flood District Design Manual



Purpose: This workbook applies the Rational Method to estimate stormwater runoff and peak

flows from small urban catchments (typically less than 90 acres)

Function: 1.  To calculate the runoff coefficient, C for a catchment

2.  To calculate the time of concentration, and then compare with the regional time

      of concentration limit used for the Denver region.  The smaller one is  

      recommended as the rainfall duration for use with the Rational Method.

3.  To calculate the design rainfall intensity and resulting peak flow rate.

Content: The workbook consists of the following five sheets:

Intro Describes the purpose of each sheet in the workbook.

Rational Calcs Performs Rational Method calculations, Q = CIA

Weighted C Supporting tool to calculate area-weighted runoff coefficients from sub-areas.

Weighted Slope Supporting tool to calculate length-weighted slope from multiple flow reaches.

Weighted Tc Supporting tool to calculate reach-weighted time of concentration from multiple flow reaches.

Design Info Provides background information from the USDCM

Acknowledgements: Spreadsheet Development Team:
Derek N. Rapp, P.E.

Peak Stormwater Engineering, LLC

Holly Piza, P.E. and Ken MacKenzie, P.E.

Urban Drainage and Flood Control District

 

Comments? Direct all comments regarding this spreadsheet workbook to: UDFCD email

Revisions? Check for revised versions of this or any other workbook at: Downloads

PEAK RUNOFF PREDICTION BY THE RATIONAL METHOD

Denver, Colorado

Urban Drainage and Flood Control District

Version 2.00 released May 2017

UD-WORKBOOK-UD-RATIONAL-2.00.xlsm, Intro 11/22/2024, 12:37 PM

mailto:udfcd@udfcd.org
http://udfcd.org/software


Designer:
Company: 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

Date: 1-hour rainfall depth, P1 (in) = 0.86 1.15 1.41 1.82 2.16 2.52 3.49
Project: a b c

Location: Rainfall Intensity Equation Coefficients = 28.50 10.00 0.786

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)

Computed
tc (min)

Regional
tc (min)

Selected
tc (min) 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

0.16 0.23 0.30 0.45 0.51 0.58 0.66 24.47 48.44 35.69 1.22 1.63 1.99 2.57 3.05 3.56 4.93 1.27 2.34 3.86 7.38 9.90 13.17 20.82

0.00 0.04 0.14 0.32 0.40 0.49 0.59 22.17 28.58 28.58 1.39 1.86 2.28 2.94 3.49 4.07 5.63 0.03 0.42 1.69 5.10 7.43 10.63 17.84

0.15 0.22 0.30 0.44 0.50 0.57 0.66 32.72 34.15 23.05 1.57 2.10 2.57 3.32 3.94 4.59 6.36 0.64 1.21 2.03 3.93 5.28 7.05 11.18

0.12 0.18 0.27 0.42 0.48 0.56 0.65 17.52 17.52 17.52 1.81 2.42 2.97 3.83 4.55 5.31 7.35 0.30 0.59 1.04 2.13 2.90 3.91 6.26

0.19 0.26 0.33 0.47 0.53 0.60 0.67 6.58 18.90 18.90 1.74 2.33 2.86 3.69 4.38 5.11 7.07 0.19 0.34 0.54 0.98 1.31 1.72 2.70

0.00 0.04 0.13 0.32 0.39 0.48 0.59 48.86 48.86 26.00 1.47 1.96 2.40 3.10 3.68 4.30 5.95 0.00 0.21 0.98 3.06 4.47 6.42 10.80

0.00 0.04 0.13 0.32 0.39 0.48 0.59 39.42 41.26 27.43 1.42 1.90 2.33 3.01 3.57 4.17 5.77 0.00 0.08 0.36 1.13 1.66 2.38 4.00

C 0.9

0.014300.00 5770.00 5767.00

Rainfall Intensity, I (in/hr)

0.70 23.97 35.6970.0101006.92

Peak Flow, Q (cfs)

Calculation of Peak Runoff using Rational Method

Overland (Initial) Flow Time Channelized (Travel) Flow Time Time of ConcentrationRunoff Coefficient, C

Subcatchment 
Name

Area
(ac)

NRCS 
Hydrologic 
Soil Group

Percent 
Imperviousnes

s

E1 6.38 C 23.4

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

Cells of this color are for required user-input
Cells of this color are for optional override values
Cells of this color are for calculated results based on overrides

K. Cloherty
Stanley Consultants Inc
12/19/2024
Canyon Peak Power
5050 N County Rd 129, Bennett, CO

Version 2.00 released May 2017

36.40

E4 2.67 C 22.2 300.00 5768.00 5764.00 0.006 60.00 0.010 7 0.70 1.43

0.010 15 1.50 6.42477.44 5770.00 5761.00 0.068 577.59E2 5.36

22.89U1 1.32 C 18.3 165.91 5769.00 5766.00 0.018 0.00 0.001 7 0.22 0.00

23.05

28.09

E3 3.09 C 0.0 412.63 5768.00 5765.91 0.005 0.00 0.001 7 0.22 0.00

5768.25 0.005 7 0.49 12.325770.75 5770.01 0.023 360.55 5770.00E6 0.57 C 27.3 32.37

27.43

26.00

E7 1.18 C 0.0 300.00 0.006 60.00 0.006 7 0.54 1.84

I 𝑖𝑛/ℎ𝑟 =
a ∗ Pଵ

b + tୡ
ୡ

t୧ =
0.395 1.1 − Cହ L୧

S୧
଴.ଷଷ

t୲ =
L୲

60K S୲

=  
L୲

60V୲

Computed tୡ = t୧ + t୲

Regional tୡ = 26 − 17i + 
L୲

60 14i + 9 S୲

Selected tୡ = max t୫୧୬୧୫୳୫ , min Computed tୡ , Regional tୡ

 t୫୧୬୧୫୳୫= 5 (urban) 
 t୫୧୬୧୫୳୫= 10 (non-urban)

Q 𝑐𝑓𝑠 = CIA

10271
Text Box
EXISTING CONDITIONS



Designer:
Company: 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

Date: 1-hour rainfall depth, P1 (in) = 0.86 1.15 1.41 1.82 2.16 2.52 3.49
Project: a b c

Location: Rainfall Intensity Equation Coefficients = 28.50 10.00 0.786

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)

Computed
tc (min)

Regional
tc (min)

Selected
tc (min) 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

0.12 0.18 0.27 0.42 0.48 0.56 0.65 17.52 17.52 17.52 1.81 2.42 2.97 3.83 4.55 5.31 7.35 0.30 0.59 1.04 2.13 2.90 3.91 6.26

0.00 0.04 0.13 0.32 0.39 0.48 0.59 48.86 48.86 26.00 1.47 1.96 2.40 3.10 3.68 4.30 5.95 0.00 0.21 0.98 3.06 4.47 6.42 10.80

0.17 0.23 0.31 0.45 0.51 0.58 0.66 10.85 35.36 35.36 1.22 1.63 2.00 2.59 3.07 3.58 4.96 0.65 1.19 1.97 3.74 5.02 6.67 10.53

0.32 0.38 0.45 0.56 0.60 0.66 0.72 24.78 41.33 26.43 1.45 1.94 2.38 3.07 3.65 4.26 5.89 1.68 2.67 3.81 6.15 7.90 10.04 15.25

0.19 0.26 0.33 0.47 0.53 0.60 0.67 6.56 18.88 18.88 1.74 2.33 2.86 3.69 4.38 5.11 7.07 0.19 0.34 0.54 0.98 1.31 1.72 2.70

0.05 0.10 0.19 0.36 0.43 0.51 0.61 20.00 41.70 39.82 1.14 1.52 1.86 2.40 2.85 3.33 4.61 0.12 0.33 0.78 1.94 2.74 3.83 6.30

0.42 0.48 0.53 0.63 0.66 0.71 0.76 13.02 19.57 19.44 1.72 2.30 2.82 3.63 4.31 5.03 6.97 0.53 0.81 1.10 1.67 2.10 2.61 3.89

0.23 0.29 0.36 0.50 0.55 0.61 0.69 27.74 31.34 22.49 1.59 2.12 2.61 3.36 3.99 4.66 6.45 1.63 2.78 4.24 7.44 9.77 12.73 19.76

0.12 0.18 0.26 0.42 0.48 0.55 0.64 12.52 19.33 19.33 1.72 2.30 2.82 3.64 4.32 5.05 6.99 0.12 0.25 0.45 0.94 1.28 1.73 2.77

0.40 0.45 0.51 0.61 0.65 0.69 0.75 9.27 22.84 22.84 1.58 2.11 2.58 3.33 3.96 4.62 6.39 0.99 1.53 2.10 3.23 4.08 5.11 7.655767.50 5763.50 0.008 7 0.62 13.57

5767.75 5763.60 0.020 7 0.98 3.60

23.12

27.25

J 1.59 C 51.4 104.70 5769.75 5767.50 0.021 506.55

5766.00F 2.24 C 7.6 189.54

22.49

H 0.62 C 17.2 105.68 5770.00 5767.25 0.026 204.62 5767.25 5766.21 0.005 7 0.50 6.82

19.44

I 4.46 C 31.7 300.00 5770.00 5767.75 0.008 211.80

5770.00 5768.75 0.005 652.46 5768.75 5763.00 0.009

39.82

G 0.73 C 54.8 233.48 5767.00 5761.70 0.023 156.01 5761.70 5761.20 0.003 7 0.40 6.56

5763.00 0.005 7 0.48 21.705769.70 5766.00 0.020 629.32

412.63 5768.00 5765.91 0.005 0.00A 3.09

28.09

26.43

E 0.57 C 27.3 32.37 5770.75 5770.00 0.023 360.55 5770.00 5768.25 0.005 7 0.49 12.32

35.90

C 3.58 C 42.9 239.56

Cells of this color are for calculated results based on overrides

K. Cloherty
Stanley Consultants Inc
12/19/2024

Version 2.00 released May 2017

7 0.66 16.55

26.00

B 3.20 C 23.7 84.17 5770.50 5768.50 0.024 889.45 5768.50 5761.86 0.007 7 0.60 24.50

0.005 7 0.49 0.00C 0.0

0.018165.91 5769.00 5766.00

Rainfall Intensity, I (in/hr)

0.70 0.00 22.8970.0100.00

Peak Flow, Q (cfs)

Calculation of Peak Runoff using Rational Method

Overland (Initial) Flow Time Channelized (Travel) Flow Time Time of ConcentrationRunoff Coefficient, C

Subcatchment 
Name

Area
(ac)

NRCS 
Hydrologic 
Soil Group

Percent 
Imperviousnes

s

U1 1.32 C 18.3

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

Cells of this color are for required user-input
Cells of this color are for optional override values

I 𝑖𝑛/ℎ𝑟 =
a ∗ Pଵ

b + tୡ
ୡ

t୧ =
0.395 1.1 − Cହ L୧

S୧
଴.ଷଷ

t୲ =
L୲

60K S୲

=  
L୲

60V୲

Computed tୡ = t୧ + t୲

Regional tୡ = 26 − 17i + 
L୲

60 14i + 9 S୲

Selected tୡ = max t୫୧୬୧୫୳୫ , min Computed tୡ , Regional tୡ

 t୫୧୬୧୫୳୫= 5 (urban) 
 t୫୧୬୧୫୳୫= 10 (non-urban)

Q 𝑐𝑓𝑠 = CIA

10271
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Purpose: This workbook aids in the estimation of stormwater detention basin sizing and

outlet routing based on the modified puls routing method for urban watersheds.

Several different BMP types and various outlet configurations can be sized.

Function: 1.  Approximates the stage-area-volume relationship for a detention basin based

     on watershed parameters and basin geometry parameters.  Also evaluates

     existing user-defined basin stage-area relationships.

 

2. Sizes filtration media orifice, outlet orifices, elliptical slots, weirs, trash racks,

    and develops stage-discharge relationships.  Uses the Modified Puls method to

    route a series of hydrographs (i.e., 2-, 5-, 10-, 25-, 50-, 100- and 500-year) and 

    calibrates the peak discharge out of the basin to match the pre-development

    peak discharges for the watershed.

Content:  This workbook consists of the following sheets:

Basin  Tabulates stage-area-volume relationship estimates based on watershed parameters

Outlet Structure  Tabulates a stage-discharge relationship for the user-defined outlet structure (inlet control).

Reference  Provides reference equations and figures.

User Tips and Tools  Provides instructions and video links to assist in using this workbook.  Includes a stage-area calculator.

BMP Zone Images  Provides images of typical BMP zone confirgurations corresponding with Zone pulldown selections.

Acknowledgements: Spreadsheet Development Team:

Ken MacKenzie, P.E., Holly Piza, P.E.

Mile High Flood District

Derek N. Rapp, P.E.

Peak Stormwater Engineering, LLC

Dr. James C.Y. Guo, Ph.D., P.E.

Professor, Department of Civil Engineering, University of Colorado at Denver

 

Comments? Direct all comments regarding this spreadsheet workbook to: MHFD E-Mail
Revisions? Check for revised versions of this or any other workbook at: Downloads

DETENTION BASIN DESIGN WORKBOOK

MHFD-Detention, Version 4.06 (July 2022)
Mile High Flood District

Denver, Colorado
www.mhfd.org
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Project:

Basin ID:

Depth Increment = 0.50 ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 89 0.002

Selected BMP Type = EDB ISV -- 0.33 -- -- -- 89 0.002 29 0.001

Watershed Area = 21.08 acres -- 0.50 -- -- -- 89 0.002 45 0.001

Watershed Length = 1,137 ft -- 1.00 -- -- -- 1,614 0.037 470 0.011

Watershed Length to Centroid = 825 ft Floor -- 1.48 -- -- -- 15,827 0.363 4,656 0.107

Watershed Slope = 0.010 ft/ft WQCV -- 1.50 -- -- -- 15,870 0.364 4,973 0.114

Watershed Imperviousness = 27.40% percent -- 1.85 -- -- -- 16,621 0.382 10,659 0.245

Percentage Hydrologic Soil Group A = 0.0% percent -- 2.00 -- -- -- 16,948 0.389 13,176 0.302

Percentage Hydrologic Soil Group B = 0.0% percent -- 2.42 -- -- -- 17,878 0.410 20,490 0.470

Percentage Hydrologic Soil Groups C/D = 100.0% percent -- 2.50 -- -- -- 18,058 0.415 21,927 0.503

Target WQCV Drain Time = 40.0 hours -- 3.00 -- -- -- 19,200 0.441 31,242 0.717

Location for 1-hr Rainfall Depths = User Input -- 3.50 -- -- -- 20,374 0.468 41,135 0.944

-- 4.00 -- -- -- 21,581 0.495 51,624 1.185

-- 4.03 -- -- -- 21,654 0.497 52,273 1.200

Optional User Overrides -- 4.50 -- -- -- 22,819 0.524 62,724 1.440

Water Quality Capture Volume (WQCV) = 0.251 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.521 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 0.86 in.) = 0.000 acre-feet 0.86 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.15 in.) = 0.000 acre-feet 1.15 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.41 in.) = 0.000 acre-feet 1.41 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.82 in.) = 0.000 acre-feet 1.82 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.16 in.) = 0.000 acre-feet 2.16 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 0.000 acre-feet 2.52 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.49 in.) = 0.000 acre-feet 3.49 inches -- -- -- --

Approximate 2-yr Detention Volume = 0.321 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.583 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.716 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.916 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 1.011 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 1.306 acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (WQCV) = 0.251 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.269 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.785 acre-feet -- -- -- --

Total Detention Basin Volume = 1.306 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft 3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft 2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft 2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft 3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft 2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

After providing required inputs above including 1-hour rainfall

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

the embedded Colorado Urban Hydrograph Procedure.

Volume 

(ft 3)

Volume 

(ac-ft)

Area 

(acre)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional 

Override 

Area (ft 2)

Length 

(ft)

Optional 

Override 

Stage (ft)

Stage

(ft)

Stage - Storage

Description

Area 

(ft 2)

Width 

(ft)

MHFD-Detention, Version 4.06 (July 2022)

Example Zone Configuration (Retention Pond)

MHFD-Detention_v4-06 (1).xlsm, Basin 11/22/2024, 12:39 PM



1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP

1 CUHP Inputs Complete

0.70               H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

1.87 Zone 1 (WQCV) 1.87 Zone 1 (WQCV)

2.55 Zone 2 (EURV) 2.55 Zone 2 (EURV)

4.25 Zone 3 (100-year) 4.25 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.06 (July 2022)
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  Project:

  Basin ID:

Estimated Estimated

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

Zone 1 (WQCV) 1.87 0.251 Orifice Plate

Zone 2 (EURV) 2.55 0.269 Orifice Plate

Zone 3 (100-year) 4.25 0.785 Weir&Pipe (Restrict)

Total (all zones) 1.306

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

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

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A feet

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

Centroid of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 7.500E-03 ft
2

Depth at top of Zone using Orifice Plate = 2.42 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 9.70 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 1.08 sq. inches (diameter = 1-3/16 inches) Elliptical Slot Area = N/A ft
2

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

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

Stage of Orifice Centroid (ft) 0.00 0.81 1.61

Orifice Area (sq. inches) 1.08 1.08 1.08

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

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

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

Not Selected Not Selected Not Selected Not Selected

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

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

Vertical Orifice Diameter = N/A N/A inches

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

grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 2.42 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 3.42 N/A feet

Overflow Weir Front Edge Length = 3.00 N/A feet Overflow Weir Slope Length = 4.12 N/A feet

Overflow Weir Grate Slope = 4.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 5.84 N/A

Horiz. Length of Weir Sides = 4.00 N/A feet Overflow Grate Open Area w/o Debris = 8.61 N/A ft
2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 8.61 N/A ft
2

Debris Clogging % = 0% N/A %

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

Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 1.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 1.47 N/A ft
2

Outlet Pipe Diameter = 18.00 N/A inches Outlet Orifice Centroid = 0.64 N/A feet

Restrictor Plate Height Above Pipe Invert = 14.00 inches Half-Central Angle of Restrictor Plate on Pipe = 2.16 N/A radians

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

Spillway Invert Stage= 7.10 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.84 feet

Spillway Crest Length = 10.00 feet Stage at Top of Freeboard = 8.94 feet

Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 0.52 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 1.44 acre-ft

Max Ponding Depth of Target Storage Volume = 4.50 feet Discharge at Top of Freeboard = 15.65 cfs

Routed Hydrograph Results

Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year

One-Hour Rainfall Depth (in) = N/A N/A 0.86 1.15 1.41 1.82 2.16 2.52 3.49

CUHP Runoff Volume (acre-ft) = 0.251 0.521 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.338 0.650 1.036 1.844 2.446 3.186 4.958

CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.0 0.0 0.0 0.0 0.0 0.0 0.0
OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A 16.6

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.00 0.00 0.00 0.00 0.00 0.79 0.00

Peak Inflow Q (cfs) = N/A N/A 3.3 6.6 10.4 19.7 25.9 33.4 51.3

Peak Outflow Q (cfs) = 0.1 0.4 0.1 0.9 3.6 11.1 14.5 15.7 15.7

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.9 #DIV/0!

Structure Controlling Flow = Plate Overflow Weir 1 Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Outlet Plate 1 N/A N/A

Max Velocity through Grate 1 (fps) = N/A 0.03 N/A 0.1 0.4 1.3 1.7 1.8 1.8

Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A
Time to Drain 97% of Inflow Volume (hours) = 38 62 48 65 63 59 56 52 44

Time to Drain 99% of Inflow Volume (hours) = 40 64 50 68 67 66 65 63 61

Maximum Ponding Depth (ft) = 1.87 2.55 2.03 2.66 2.98 3.44 3.79 4.50 4.50

Area at Maximum Ponding Depth (acres) = 0.38 0.42 0.39 0.42 0.44 0.46 0.48 0.52 0.52
Maximum Volume Stored (acre-ft) = 0.252 0.524 0.310 0.566 0.704 0.916 1.082 1.440 1.440

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.06 (July 2022)

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

Example Zone Configuration (Retention Pond)
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2

Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 1 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 0 0.18(diameter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24(diameter = 9/16 inch) 4 1 5yr, <72hr 0

Count_Weir1 = 1 0.29(diameter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 188

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 204

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 256

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 267

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 299 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 345 0.84

WQ Plate Flow at 100yr depth = 0.21 0.97(diameter = 1-1/8 inches) 50 Year 380

CLOG #1= 100% 1.08(diameter = 1-3/16 inches) 100 Year 451 1 Z1_Boolean

n*Cdw #1 = 0.32 1.20(diameter = 1-1/4 inches) 500 Year 451 1 Z2_Boolean

n*Cdo #1 = 1.45 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.245 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 1 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 1 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 0 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping

S-A-V-D Chart Axis Default X-axis Left Y-Axis Right Y-Axis

minimum bound 0.00 0 0

maximum bound 10.00 70,000 20

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis

minimum bound

maximum bound

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.06 (July 2022)
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Outflow Hydrograph Workbook Filename:

Inflow Hydrographs

The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

Time Interval TIME WQCV [cfs] EURV [cfs] 2 Year [cfs] 5 Year [cfs] 10 Year [cfs] 25 Year [cfs] 50 Year [cfs] 100 Year [cfs] 500 Year [cfs]

5.00  min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.15

0:15:00 0.00 0.00 0.08 0.24 0.35 0.29 0.42 0.44 0.77

0:20:00 0.00 0.00 0.58 0.88 1.48 0.84 1.21 1.58 3.00

0:25:00 0.00 0.00 2.00 3.43 6.22 3.15 4.58 6.32 13.39

0:30:00 0.00 0.00 3.00 5.92 9.58 12.77 17.56 21.76 35.52

0:35:00 0.00 0.00 3.27 6.56 10.36 17.59 23.48 30.11 47.21

0:40:00 0.00 0.00 3.29 6.51 10.22 19.69 25.94 33.06 51.06

0:45:00 0.00 0.00 3.08 6.12 9.69 19.58 25.68 33.42 51.26

0:50:00 0.00 0.00 2.88 5.73 9.02 19.10 24.99 32.49 49.78

0:55:00 0.00 0.00 2.70 5.34 8.41 17.87 23.43 30.98 47.45

1:00:00 0.00 0.00 2.53 4.97 7.85 16.64 21.87 29.48 45.18

1:05:00 0.00 0.00 2.41 4.67 7.42 15.52 20.48 28.19 43.29

1:10:00 0.00 0.00 2.24 4.43 7.07 14.28 18.95 25.90 39.97

1:15:00 0.00 0.00 2.08 4.15 6.73 13.13 17.52 23.66 36.69

1:20:00 0.00 0.00 1.92 3.83 6.23 11.90 15.85 21.15 32.76

1:25:00 0.00 0.00 1.76 3.50 5.63 10.70 14.22 18.74 28.95

1:30:00 0.00 0.00 1.60 3.19 5.05 9.48 12.57 16.46 25.38

1:35:00 0.00 0.00 1.47 2.91 4.55 8.32 11.03 14.38 22.28

1:40:00 0.00 0.00 1.37 2.66 4.20 7.43 9.89 12.84 19.97

1:45:00 0.00 0.00 1.30 2.46 3.92 6.74 8.98 11.61 18.08

1:50:00 0.00 0.00 1.24 2.28 3.67 6.16 8.21 10.54 16.41

1:55:00 0.00 0.00 1.16 2.11 3.41 5.64 7.52 9.57 14.89

2:00:00 0.00 0.00 1.07 1.95 3.12 5.17 6.88 8.67 13.48

2:05:00 0.00 0.00 0.95 1.74 2.77 4.60 6.11 7.66 11.85

2:10:00 0.00 0.00 0.84 1.53 2.42 4.04 5.35 6.69 10.29

2:15:00 0.00 0.00 0.74 1.33 2.09 3.51 4.62 5.78 8.83

2:20:00 0.00 0.00 0.64 1.15 1.78 3.00 3.93 4.90 7.42

2:25:00 0.00 0.00 0.54 0.97 1.49 2.51 3.26 4.05 6.06

2:30:00 0.00 0.00 0.45 0.80 1.21 2.03 2.62 3.22 4.75

2:35:00 0.00 0.00 0.36 0.63 0.95 1.57 2.00 2.42 3.53

2:40:00 0.00 0.00 0.28 0.48 0.72 1.14 1.44 1.71 2.57

2:45:00 0.00 0.00 0.22 0.37 0.57 0.82 1.06 1.25 1.92

2:50:00 0.00 0.00 0.18 0.29 0.46 0.61 0.80 0.94 1.45

2:55:00 0.00 0.00 0.14 0.24 0.38 0.46 0.62 0.69 1.09

3:00:00 0.00 0.00 0.12 0.20 0.31 0.35 0.47 0.51 0.81

3:05:00 0.00 0.00 0.10 0.16 0.26 0.27 0.37 0.38 0.60

3:10:00 0.00 0.00 0.08 0.13 0.21 0.21 0.29 0.27 0.44

3:15:00 0.00 0.00 0.07 0.11 0.17 0.17 0.22 0.20 0.33

3:20:00 0.00 0.00 0.06 0.09 0.13 0.13 0.17 0.16 0.26

3:25:00 0.00 0.00 0.05 0.07 0.11 0.10 0.14 0.13 0.20

3:30:00 0.00 0.00 0.04 0.05 0.08 0.08 0.11 0.10 0.16

3:35:00 0.00 0.00 0.03 0.04 0.06 0.06 0.08 0.08 0.13

3:40:00 0.00 0.00 0.02 0.03 0.05 0.05 0.06 0.06 0.09

3:45:00 0.00 0.00 0.02 0.02 0.03 0.03 0.04 0.04 0.06

3:50:00 0.00 0.00 0.01 0.02 0.02 0.02 0.03 0.03 0.04

3:55:00 0.00 0.00 0.01 0.01 0.01 0.02 0.02 0.02 0.02

4:00:00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01

4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

DETENTION BASIN OUTLET STRUCTURE DESIGN
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Summary Stage-Area-Volume-Discharge Relationships

The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.

The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Area Area Volume Volume
Total

Outflow

[ft] [ft
 2

] [acres] [ft
 3

] [ac-ft] [cfs]

For best results, include the 

stages of all grade slope 

changes (e.g. ISV and Floor) 

from the S-A-V table on 

Sheet 'Basin'. 

Also include the inverts of all 

outlets (e.g. vertical orifice, 

overflow grate, and spillway, 

where applicable).

DETENTION BASIN OUTLET STRUCTURE DESIGN

Stage - Storage

Description

MHFD-Detention, Version 4.06 (July 2022)
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WQCV and EURV Equations

Approximate Storage Volume Equations

Initial Surcharge Volume:

Basin Floor Volume:

Main Basin Volume:

Total Basin Volume:

Initial - fi Final - fo
A 5.0 1.0 0.0007 0.10 0.35

B 4.5 0.6 0.0018

C/D 3.0 0.5 0.0018

REFERENCE FIGURES AND EQUATIONS

Circular Pipe with Restrictor Plate

Basin Volume Calculations

Where WQCV  is the water quality capture volume (acre-ft), EURV is the excess urban runoff 

volume (acre-ft), a  is a coefficient corresponding to WQCV drain time (1.0 for 40 hours, 0.9 for 

24 hours, and 0.8 for 12 hours), A  is the contributing watershed area (acres), I is the 

percentage imperviousness (expressed as a decimal), A% , B% , and CD%  are the percent of 

each hydraulic soil group (expressed as a decimal).

Where V STORAGE_yr  is the estimated storage volume for the given return period (acre-ft), P 1  is 

the one-hour rainfall depth (in), A  is the contributing watershed area (acres), I is the 

percentage imperviousness (expressed as a decimal), A% , B% , and CD%  are the percent of 

each hydraulic soil group (expressed as a decimal).

WQ Elliptical Slot Weir (Alternative to WQ Orifice Plate for Large Watersheds)

Where L main  and W main  (ft) are the length and width of the main basin 

section at the point at the top of the basin, H main  is the depth of the main 

basin section (ft), A main  is top area of the main basin section (ft
2
), and 

V main  is volume of the main basin section (ft
3
).

Where ISV  is the initial surcharge volume (ft
3
), A ISV  is ISV  surface area 

(ft
2
), ISD  is the initial surcharge depth (ft, typically 0.33 to 0.50), and L ISV 

and W ISV  are the length and width of the ISV  (ft).

Where L floor  and W floor  (ft) are the length and width of the basin floor 

section at the point where the top of the basin floor section meets the toe 

of the basin main section, H floor  is the depth of the basin floor section (ft), 

S TC  is the trickle channel slope (ft/ft), S main  is the side slope of the basin 

main section (H:V; e.g., 4 if the horizontal:vertical ratio is 4:1), R L:W  is the 

basin length:width ratio (e.g., 2 if the basin length is twice the basin 

width), A floor  is top area of the basin floor section (ft
2
), and V floor  is volume 

of the basin floor section (ft
3
).

Pervious 

(in)

Default

Depression Storage

Where V­ total is the volume of the total basin (ft
3
) and DTC is the depth of 

the trickle channel (ft).

NRCS 

Hydrologic 

Group

Infiltration

(inches per hour)

Decay 

Coefficient 

(1/sec)

Impervious 

(in)

Default Horton's Equation Parameters
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Video Links: Click the link below to visit the MHFD YouTube Channel where you can access instructional videos for this and other workbooks.

MHFD Workbook Instructional Videos

Manual: Click here to download the Technical Reference Manual for the MHFD-Detention workbook.  The manual provides background information on methods and equations used in this workbook.

User Tips: Basin Sheet
- To evaluate a Detention Basin without a water quality component, select "Flood Control Only" from the BMP Type selection box.

- Rainfall depths can be overridden by entering user-defined values in cells D28:D34.  Not all values have to be overriden, some can remain consistent with the pulldown selection.

- Required Storage Volumes can be overriden for each zone by selecting "User Defined" from the pulldown lists for each zone.  This allows the user to adjust the required storage volume to better match local requirements.  The user-defined storage

  values can be input as an equations which references other cells on the worksheet.  For example, if the user wants to set the Zone 2 storage equal to the 100-year storage volume plus half of the WQCV minus Zone 1, an equation such as 

  "=B40 + 0.5*(B26) - B43" can be entered in the cell.  This will allow the volume to update automatically if other inputs change.

- User Defined Stage-Area inputs can be entered one row at a time or by entering all stages and then going back and entering all the areas.  It is recommended that the latter approach be used in order to speed up the input process.  This is 

  because every time there are an equal number of stage and area values, the code will update calculations.

Outlet Structure Sheet
- If an outlet is not being used for one of the zone pulldowns, selecting "Not Utilized" from the pulldown list will assist in populating the unused inputs with "N/A". 

- There is only one outlet type pulldown per zone.  However, additional outlets can be added by providing the additional inputs and the effects will be accounted for in the stage-discharge table and routing results.  However, some of the automatic

  sizing routines will no longer be available if additional outlets are utilized.

- When sizing an orifice plate for WQCV and EURV, the uppermost orifice can be manually changed to better satisfy 72 hour drain time requirements.

- The Stage-Area-Volume-Discharge chart can be manipulated automatically by changing the min/max scale values below the chart.  This allows the user to zoom in on areas of interest and helps to ensure that summary tables include all critical stages.

- Inflow hydrographs can be overridden by simplying copying over the default values with values from another model or with exported outflow hydrographs from an upstream MHFD-Detention workbook.  Please note that when using exported hydrographs 

  from another MHFD-Detention workbook, there is no accounting for travel time or attenuation between detention basins.  If there is additional runoff between the detention basins or complex routing, a more sophisticated program like EPA-SWMM is recommended. 

Calculate Stage-Area relationship from known Stage-Volume Relationship

SSD

2 0.00E+00

- The Stage-Area Tool is designed to help the user develop a Stage-Area relationship from a known Stage-volume relationship.

- The calculated volume is determined using the conic approximation method and is consistent with the method used on the Basin worksheet.

Bottom of Basin 0.00 0.000 0 0 0%

- The tool requires the user to provide a stage-volume relationship as the minimum input.  The basin bottom area is an optional input.

      - If the user provides the bottom area, the program will automatically run the sizing routine to determine the area at each depth increment.

      - If the user clicks the "Minimize SSD" button, the program will iteratively solve for the bottom area that provides the best overall fit.

- If the program returns the message that the program could not find a solution, try the following:

      - Check the user inputs for stage and volume to determine if they are reasonable and try to identify any potential input mistakes.

      - Try manually changing the bottom area to see if you can get a closer fit.

      - Identify the row where the program failed and look closely at the volumes to determine what may be causing the routine to fail.

USER TIPS AND TOOLS

Squared 

Difference 

in Area (ft
2
)

User

Volume 

(ac-ft)

Volume

% Diff

(ft
 3
)

Stage - Storage

Description

User

Stage

(ft)

Calculated

Volume

(ft
 3
)

Calculated

Area 

(ft
 2
)

Calculated

Area 

(acre)

User

Volume 

(ft
 3
)
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Project:
Pipe ID:

Design Information (Input)
Pipe Invert Slope So = 0.0050 ft/ft
Pipe Manning's n-value n = 0.0130
Pipe Diameter D = 24.00 inches
Design discharge Q = 14.92 cfs

1
Full-Flow Capacity (Calculated)  
Full-flow area Af = 3.14 sq ft
Full-flow wetted perimeter Pf = 6.28 ft
Half Central Angle Theta = 3.14 radians
Full-flow capacity Qf = 16.04 cfs

Calculation of Normal Flow Condition  
Half Central Angle (0<Theta<3.14) Theta = 2.13 radians
Flow area An = 2.57 sq ft
Top width Tn = 1.70 ft
Wetted perimeter Pn = 4.25 ft
Flow depth Yn = 1.53 ft
Flow velocity Vn = 5.80 fps
Discharge Qn = 14.92 cfs
Percent of Full Flow Flow = 93.0% of full flow
Normal Depth Froude Number Frn = 0.83 subcritical

Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 1.97 radians
Critical flow area Ac = 2.33 sq ft
Critical top width Tc = 1.84 ft
Critical flow depth Yc = 1.39 ft
Critical flow velocity Vc = 6.39 fps
Critical Depth Froude Number Frc = 1.00

CIRCULAR CONDUIT FLOW (Normal & Critical Depth Computation)
Canyon Peak Power
Culvert 1

MHFD-Culvert, Version 4.00 (May 2020)

MHFD-Culvert_v4.0.xlsm, Pipe 12/19/2024, 12:01 PM

10271
Callout
10-year storm



Project:
Pipe ID:

Design Information (Input)
Pipe Invert Slope So = 0.0050 ft/ft
Pipe Manning's n-value n = 0.0130
Pipe Diameter D = 24.00 inches
Design discharge Q = 16.02 cfs

1
Full-Flow Capacity (Calculated)  
Full-flow area Af = 3.14 sq ft
Full-flow wetted perimeter Pf = 6.28 ft
Half Central Angle Theta = 3.14 radians
Full-flow capacity Qf = 16.04 cfs

Calculation of Normal Flow Condition  
Half Central Angle (0<Theta<3.14) Theta = 2.26 radians
Flow area An = 2.75 sq ft
Top width Tn = 1.54 ft
Wetted perimeter Pn = 4.52 ft
Flow depth Yn = 1.64 ft
Flow velocity Vn = 5.82 fps
Discharge Qn = 16.02 cfs
Percent of Full Flow Flow = 99.9% of full flow
Normal Depth Froude Number Frn = 0.77 subcritical

Calculation of Critical Flow Condition
Half Central Angle (0<Theta-c<3.14) Theta-c = 2.03 radians
Critical flow area Ac = 2.43 sq ft
Critical top width Tc = 1.79 ft
Critical flow depth Yc = 1.44 ft
Critical flow velocity Vc = 6.60 fps
Critical Depth Froude Number Frc = 1.00

CIRCULAR CONDUIT FLOW (Normal & Critical Depth Computation)
Canyon Peak Power
Pipe 2

MHFD-Culvert, Version 4.00 (May 2020)

MHFD-Culvert_v4.0.xlsm, Pipe 12/19/2024, 12:02 PM
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Map Projection:
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USE FLOAT FINISH ON TOP SURFACES OF 

SLAB AND WALLS.

FOR COORDINATE OF LOCATION POINTS SEE SITE 

PLAN SHEET CG01.

4
A

TRASH SCREEN BEARING 

BAR

#4@8"o.c.

(TYP.)

24.4’ L.F. 24” RCP INCLUDING 

ONE FLARED END SECTION 

& CUTOFF WALL

4
A

GALVANIZED STEEL BAR 

GRATING %6" x 14" 

BEARING BARS @ 136”0.c. 

AND CROSS BARS

@ 2”o.c. AS MANUFACTURED 

BY McNICHOLS CO.

”GW-2” OR EQUAL.

MICROPOOL

3‘-8"x3‘-0"
2-6” MIN DEPTH

6” COMPACTED SUBGRADE (TYP.) 

95% STANDARD PROCTOR

24” 
F.E.S.

24”

3”

58.8” 

3”

GALVANIZED STEEL 

C 8x18.75 FORMED INTO 

BOTTOM AND SIDES

A
• •

M • | 

.. f 

. ‘ ’ -I

■ A
. <7

X” THICK STAINLESS STEEL 

PLATE W/ (4) %6"0 HOLES 

FOR ^”0 x 1%2” LONG 

STAINLESS STEEL 

TAMPERPROOF ANCHOR BOLTS 

(TYP. 4 CORNERS)

NOTE:

RCP DIMENSIONS SHOWN ARE ALONG 

CENTERLINE OF PIPE PERPENDICULAR 

TO CENTERLINE OF BERM

TYPE M (d50=12”)

SOIL RIPRAP (DEPTH = 21”) 

SEE SHEET CU01 FOR 

PLACEMENT DETAILS AND 

SHEET CU03 FOR 

ROCK GRADATION

PERFORATED 

FLOW 

CONTROL 

PLATE

M— 
L i. ■

TYPE M (d50=12”) 

SOIL RIPRAP 

(DEPTH = 21”)

D

.al ’

• '• T '

co 
—

1o

OUTLET STRUCTURE PLAN
SCALE: NO SCALE

f
4

P 
s

\ \

\ \

I I

NOTES:

1. USE O-RING GASKETS (R-4 JOINTS) FOR ALL RCP.

2. JOINT RESTRAINTS ARE REQUIRED FOR A MINIMUM 

OF THE LAST THREE JOINTS OF RCP OUTFALL.

N “
■ ■ 4

4

1-0”

r

-A----------

A • • >

. •
A

L 12 x 14 x 36
FILTER SCREEN FRAME — 

ATTACHED BY INTERMITTANT 

WELDING ALL AROUND

34”x34”x yy' STAINLESS 

STEEL ORIFICE PLATE 

100 YR. ORIFICE OPENING 

(SEE DETAIL BELOW)
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EL. 5759.17
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H

J-CU02
CU02

H-CUO2
CU02

ISSUED FOR PERMITTING
05/31/07

B-CUQ2
CU02

K-CU02
CU02

_ i 
C

#4@8”o.c. (TYP.) 39
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o

E-CU02
CU02

G-CU02
CU02

INTERMOUNTAIN RURAL ELECTRIC ASSOCIATION 
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A RIPRAP GRADATIONS

&5z5zynzzn % Smaller Intermediate Approximate

12-0”
6F F4-0” 4-0” 4-0”

Type L

9

Type M
©

12Lul

Type H

B-CU03 18

Type VH

24
E E

PRE-SEDIMENTATION FOREBAY STRUCTURE PLAN
SCALE: 1/2” = 1-0”

4
11

4-0” 4-0” 4-0”

4 4
11 1

SECTION
SCALE: 1”=10’ A

AS5
v

D D

082220799
N)

I

SECTION
SCALE: 1/2” = 1’-0”4”

99

4

4-0” 6”AC

AR
D
m— l0.5%77/7c cC

2234o 4
s*

WIRE MESH 6x6-W2.9xW2.9

LOW FLOW CHANNEL DETAIL
SECTION

SCALE: NTS

SCALE: 1/2” = 1-0”

A ISSUED FOR PERMITTING JLV

NO. REVISIONS DSGN CHKD APVD

B B

Stanley ConsultantsINC.

A A

SCALE: AS NOTED

NO. 19907.01.00 REV.

CU03 A05/31/07

T T T T T T T T T T 11 2 3 4 5 6 7 8 9 10 11 12

28.00’
20.00’

6” COMPACTED SUBGRADE 
95% STANDARD PROCTOR

05/31/07
DATE

30 
24
18
6

1OO 
50-70 
35-50 
2-10

1OO 
50-70 
35-50 
2-10

TOP OF BERM 
EL=5764.00

70-100 
50-70 
35-50 
2-10

70-100 
50-70 
35-50 
2-10

*D50 = Means particle size (intermediate dimension) by weight
Mix VL and L rip rap with 30% (by volume) topsoil and bury with 6 inches 
of topsoil, all vibration compacted, and re-vegetated.

FOREBAY OUTLET 
INV EL=5762.50 
TOC=5763.50

Riprap 
Designation 
Type VL

3642 
1767 
680
36

42
33
24 
9

15
12
9
3

21
18
12
4

1327 
680 
287
11

166
85
36
1.3

455
287
85
3

WIRE MESH 
6x6-W2.9xW2.9

LOCATION
POINT

Than Given 
Size

By Weight 
70-100 
50-70 
35-50 
2-10

DESIGNED, 

DRAWN _ 

CHECKED. 

APPROVED 

APPROVED 

DATE 

N.L DURAN

G.P. PIEHL

J.L VARONE

Dso* 
(inches)

TYPE M RIP RAP 
SEE CU01 FOR 
QUANTITIES

9200 East Mineral Avenue, Suite 400, Englewood, Colorado 80112-3416 
www.stanleyconsultants.com

Rock 
Dimension 

(inches) 
12 
9 
6 
2

6” CONCRETE

6” COMPACTED 
SUBGRADE 
95% STANDARD 
PROCTOR

NOTES:

1. CONCRETE: AASHTO CLASS D WITH 3” SLUMP.
2. USE FLOAT FINISH ON TOP SURFACES OF SLAB 
AND WALLS.
3. FOR COORDINATE OF LOCATION POINTS SEE 
SITE PLAN SHEET CG01.

®

Min-Rock 
Weight 

(pounds) 
85 
36 
11 
0.4

b° 
LO

EMERGENCY OVERFLOW SPILLWAY 
SCALE: 1"=10'

2

s

5
co

FOREBAY OUTLET 

8-11/16”

LOW FLOW TRICKEL CHANNEL 
SEE DETAIL THIS SHEET

NOTE:

JOINT AT 10’-0” SPACING 

WITH X” x 2” SAW CUT AND 
JOINT SEALANT COMPOUND

I © STANLEY CONSULTANTS

SPILLWAY FLOWLINE 
EL=5763.00

—«
4

R

B-CU03
CU03

ISSUED FOR PERMITTING
05/31/07C-CU03

CU03

A-CU03
CU01

INTERMOUNTAIN RURAL ELECTRIC ASSOCIATION 
COLORADO - 16 - JEFFERSON 

SEDALIA, COLORADO
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BRICK CENTER TRANSMISSION SUBSTATION (406) 
DRAINAGE DETAILS 

SHEET 2 OF 2
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AS NOTED

A

31324.07

50'0' 12.5' 100'

E1

E2

E3

E4

U1

BASIN ID
(AC)

AREA
IMPERVIOUS

%

100-yr STORM

COEFFICENT

RUNOFF 

POINT

DESIGN

100-yr STORM (CFS)

PEAK FLOW

6.38

5.36

3.09

2.67

1.32

23.4

0.9

0

22.2

18.3

0.58

0.59

0.48

0.57

0.56

13.17

10.63

6.42

7.05

3.91

1

2

3

4

5

SUMMARY RUNOFF TABLE

DESIGN POINT

PR MAJOR CONTOUR

PR MINOR CONTOUR

EX MAJOR CONTOUR

EX MINOR CONTOUR

LEGEND

PROPERTY LINE

PR ROADWAY

EX ROADWAY

EX FENCE

DRAINAGE BASIN

BASIN ID

AREA (AC.)

A#

Area

C100

C5

5 YR RUNOFF COEFF. 

100 YR RUNOFF COEFF. 

E7

1.12

2.38

0.08

E2

5.36

0.49

0.05

E3

3.09

6.42

0.21

E6

0.57

1.72

0.34

1

E1

6.38

0.58

0.22

E4

2.67

0.58

0.22

E6 0.57 27.3 0.60 1.72 6

GRAVEL

18" CMP

OUTLET STRUCTURE

DETENTION FACILITY 

EMERGENCY OVERFLOW

18" RCP

PAN

DRAINAGE

FORBAY

EXISTING SEDIMENT

U1

1.32

3.91

0.59
E7 1.18 0 0.48 2.38 7

CG120

K. CLOHERTY

K. CLOHERTY

W. ESHENAUR
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Feature With Name.Feature Name

SIGN

WOOD

BOX

UTILITY

BURIED

BOX

UTILITY

BURIED

D
IR

T
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R
IV

E

23

5762.00

Y-FND 3IN AC WESTERN STATES SURVEYING PLS 23596

TELELE

ELE

E: 3296683.29

N: 1653896.25

P4

E: 3296667.49

N: 1653907.15

P6

E: 3296671.64

N: 1653889.15

P3

E: 3296667.49

N: 1653877.65

P5

E: 3296657.04

N: 1653895.60

P2

E: 3296646.39

N: 1653888.50

P1

50'0' 12.5' 100'

DETENTION POND

PROPOSED 

BASIN ID

AREA (AC.)

48" MANHOLE

24" FES

24" FES

24" FES

24" FES

12" FES

18" RCP

18" RCP

OUTLET STRUCTURE

12" RCP

12" FES

U1

A

B

C

E

F

G

I

H

BASIN ID
(AC)

AREA
IMPERVIOUS

%

100-yr STORM

COEFFICENT

RUNOFF 

POINT

DESIGN

100-yr STORM (CFS)

PEAK FLOW

1.32

3.09

3.20

3.58

0.57

2.24

0.73

4.46

0.62

18.3

0.0

23.7

42.9

27.3

7.6

54.8

0.23

0.12

0.56

0.48

0.58

0.66

0.60

0.51

0.71

0.61

0.55

3.91

6.42

6.67

10.04

1.72

3.83

2.61

12.73

1.73

1

2

3

4

9

5

8

6

7

SUMMARY RUNOFF TABLE

DESIGN POINT

PR MAJOR CONTOUR

PR MINOR CONTOUR

EX MAJOR CONTOUR

EX MINOR CONTOUR

LEGEND

PROPERTY LINE

PR ROADWAY

EX ROADWAY

EX FENCE

DRAINAGE BASIN

A#

Area

C100

C5

I

4.46

12.73

2.78

A

3.09

6.42

0.21

U1

1.32

3.91

0.59

E

0.57

1.72

0.34

5 YR RUNOFF COEFF. 

100 YR RUNOFF COEFF. 

H

0.62

1.73

0.25

C

3.58

10.04

2.67

B

3.20

6.67

1.19

J

1.59

5.11

1.53

EXISTING DITCH

OUTFALL TO

RIPRAP

OUTFALL

RIPRAP

CULVERT 1

RIPRAP

CULVERT 2

4

F

2.24

3.83

0.33

G

0.73

2.61

0.81

J 1.59 51.4 0.69 5.11 10

2

24" RCP

24" RCP

12" RCP

CG121
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DRAINAGE EASMENT

9

1

7

4 5
10

3 8

6

1

EASEMENT

DRAINAGE

DRAINAGE PAN

18" CMP



  

 

 

 

 

 

 

 

 

      

      

      

REV.CHECKED

DESIGNED

APPROVED

APPROVED

DATE

DRAWN
SCALE:

NO.

DATENO. REVISIONS APVDCHKDDSGN

www.stanleyconsultants.com

8000 South Chester Street, Suite 400, Centennial, Colorado 80112-3516

CANYON PEAK POWER, LLC

CANYON PEAK POWER STATION

ARAPAHOE COUNTY, COLORADO

C
A

D
D

 D
3

-R
5

A

1

B

C

D

E

F

G

2 3 4 5 6 7 8 9 10 11

A

B

C

D

E

F

G

ARAPAHOE COUNTY CASE NO. XX-XXX

 

 

 

 

AS NOTED

A

31324.07

-0+20 0+00 0+20 0+40 0+60 0+80 1+00 1+20 1+40 1+60 1+80 2+00 2+20 2+40 2+60 2+80 3+00 3+20 3+40 3+60 3+80 4+00 4+20 4+40 4+60

5756 5756

5760 5760

5764 5764

5768 5768

5772 5772

5
7

6
8

.5
3

E
x

. 5
7

6
8

.3
9

E
x

. 5
7

6
7

.5
7

E
x

. 5
7

6
5

.6
7

E
x

. 5
7

6
3

.3
2

E
x

. 

-0+20 0+00 0+20 0+40 0+60 0+80

5760 5760

5764 5764

5
7

5
9

.9
4

E
x

. 

-0+20 0+00 0+20 0+40 0+60 0+80

5760 5760

5764 5764

5
7

6
2

.0
0

E
x

. 

0+00 0+20 0+40

5760 5760

5764 5764

5768 5768

5
7
6
4
.6

8
E

x
. 

PIPE 02- OUTLET PIPE

PIPE 01

GROUND

PROPOSED 

GROUND

EXISTING 

GROUND

PROPOSED 

GROUND

EXISTING 

PIPE

TOP OF

INV. 5760.63

FLARED END SECTION, 24"

REINCFORCED CONCRETE

SEWER @ 0.50%

76.43 LF- 24" RCP STORM 

Culvert 2
CULVERT 01

GROUND

PROPOSED 

GROUND

PROPOSED 

GROUND

EXISTING 

GROUND

EXISTING 

PIPE

TOP OF

PIPE

TOP OF

INV. 5758.50

FLARED END SECTION, 12"

REINCFORCED CONCRETE

INV. 5761.86

FLARED END SECTION, 18"

REINCFORCED CONCRETE

INV. 5759.00

FLARED END SECTION, 18"

REINCFORCED CONCRETE

INV. 5761.20

FLARED END SECTION, 18"

REINCFORCED CONCRETE

INV. 5759.00

FLARED END SECTION, 18"

REINCFORCED CONCRETE
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FLARED END SECTION, 12"

REINCFORCED CONCRETE

SEWER @ 0.50%

203.58 LF- 12" RCP STORM 

SEWER @ 0.50%

52 LF- 24" RCP STORM 

SEWER @ 0.50%

8.07 LF- 18" RCP STORM 
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CIVIL STORM SEWER PROFILES
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16" TO 21" 10"

8" 6" TO 15"

D

VARIES

THICKNESS 

BEDDING 

"W" TAKEN AT TOP OF PIPE

MAXIMUM TRENCH WIDTH 
SPECIFICATIONS.
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