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Drainage Report 
Village Camp Durango 

Prepared for Roberts Resorts and Properties 

1 Introduction 
The purpose of this Drainage Report is to present the design methodology and results of a 

drainage study associated with the proposed Village Camp Development. This study describes 

existing conditions at the project site, compares them to the conditions of the proposed 

development and estimates appropriate drainage and detention features to accommodate the 

Water Quality Capture Volume (WQCV) per La Plata County Code 70-9.4.a.ii. This drainage 

study demonstrates conformity to the criteria from Chapter 70 of La Plata County Land Use Code 

Development Standards. 

1.1 Site Location 
The site is located north of Durango, in La Plata County, Colorado. The property is part of the 

Burnett – Trimble Lane Subdivision with a Parcel Number ID 559715100076. The project is 

bordered by Hermosa Sanitation District and Trimble Storage to the north, the Animas River to 

the south, CR 252 to the east and Dalton Ranch to the west.  

 

 

Figure 1 – Site Location 
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1.2 Site Description 
The proposed project includes the re-development of a historic gravel pit. The site will include 

new gravel and asphalt drives, amenity areas, and RV Sites. The site will drain via a network of 

grass lined swales and culverts. The site will provide water quality treatment but is not required to 

detain the 10- or 100-year runoff events due to its adjacency to the Animas River per La Plata 

County Code allowance (LUDC Section 70-9 Technical Appendix, F.4.a.i.ii).  The 10-year event 

will be conveyed to the detention areas and then into the Animas River via site infrastructure. The 

detention outlets are not designed to detain the 10-year event, simply to discharge it. The 100-

year event will overtop site infrastructure and surface flow into the River. In this case, on-site 

runoff will flow directly into the Animas River without endangering any adjacent properties or 

structures.  

The project parcel area is approximately 34 acres. The site surface drains undetained from north 

to south directly into the Animas River. The watershed area tributary to the site is approximately 

34 acres. 

 

According to the Natural Resources Conservation Service Web Soil Survey (NRCS), the project 

site contains a mixture of hydrologic soil Group B and C with 0 to 3 percent slopes. Group B 

(Pescar fine sandy loam) being the most prominent with 55.4%, and Group C (Tefton loam) the 

least with 29.2%. The remaining 15.4% of soil was defined as River wash and water. The NRCS 

Custom Soil Resource Report can be found in Appendix A. 

 

2 Drainage Design Criteria 
2.1 Development Criteria Reference 

The drainage design criteria used for this development was obtained from the 2020 Land Use 

Code of La Plata County, Colorado. Rainfall data was obtained from NOAA Atlas 14 while runoff 

calculation methodology and drainage facility design was performed in accordance with the 

Urban Storm Drainage Criteria Manual (USDCM) dated August 2018. References to relevant 

Sections of the USDCM Design Manual are made throughout the report. 

2.2 Hydrologic Criteria 

2.2.1 Design Rainfall 
Precipitation frequency estimates for the location of the proposed project were taken from NOAA 

Atlas 14, Volume 8, Version 2, with a duration of 60 minutes. The frequency estimates were then 

used as inputs into the Mile High Flood District (MHFD) Detention Basin Workbook to analyze 

site drainage. The frequency estimates for the site are shown in Table 1 and the rainfall data can 

be found in Appendix B. 

Table 1 – NOAA Precipitation Frequency Estimates (inches) 

Duration 
10-Year 

(in) 

100-Year 

(in) 

1-hour 1.08 2.09 
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2.2.2 Runoff Calculation Method 
Runoff calculations were performed using the MHFD Peak Runoff Prediction by the Rational 

Method Workbook. Precipitation frequencies were taken from NOAA Atlas 14 and surface 

characteristics of the site.  The results from the MHFD Peak Runoff Prediction by the Rational 

Method Workbook are included in Appendix D. 

2.2.3 Detention and Storage 
Detention and conveyance facilities were designed and sized according to the requirements 

outlined in Section 70-9 of the La Plata County Site Development Standards. Detention basins 

on-site were designed using the Mile High Flood District (MHFD) Detention Basin Workbook 

while conveyance design, sizing and analysis was performed using Hydraflow Software. 

2.2.4 Water Quality 
Extended Detention Basins (EDB’s) were sized for each subbasin using the MHFD Detention 

Basin Workbook to provide the necessary water quality treatment. Each EDB will detain the 

WQCV and drain over a period of 40 hours per La Plata County Code 70-9.4.a.ii. Detention 

Worksheets and analysis are included in Appendix D. 

3 Drainage Basins 
3.1 Offsite Basins 

Offsite drainage has been addressed by the lots adjacent to the property as part of their 

development requirements. Both northern lots discharge into the wetlands west of the site via 

engineered infrastructure and then into the Animas River. 

3.2 Onsite Sub-basins 
The project site was divided into seven subbasins to perform the drainage analysis as shown in 

Appendix C. Detention and conveyance facilities were sized to each individual subbasin per the 

MFHD requirements. Table 2 summarizes the imperviousness calculations for each subbasin, 

and Table 3 shows the post development peak flows for the site. Pre-development 

imperviousness and peak flows were not calculated, as detention to historic values was not a 

project requirement. Percent imperviousness values were obtained from UDFCD Table 6-3 and 

are in Table 2. Subbasin Peak flows are shown in Table 3. 

Table 2 – Proposed Basin Impervious Calculations 

SUB-

BASIN 

CONTRIBUTING 

AREA (ACRES) 

 

CONCRETE 

AREAS 

100% 

(ACRES) 

PAVEMENT 

100% 

(ACRES) 

 

GRAVEL 

40% 

(ACRES) 

 

OPEN 

SPACE 

AREA 2% 

(ACRES) 

 

ROOFS 

90% 

(ACRES) 

% 

IMPERVIOUS 

1 6.15 0.20 1.37 1.11 3.47 0.00 34% 

2 1.35 0.10 0.17 0.36 0.72 0.00 32% 

3 2.34 0.10 0.38 0.85 1.01 0.00 36% 

4 3.83 0.16 0.56 1.30 1.81 0.00 33% 
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5 5.95 0.15 0.59 1.25 3.96 0.00 22% 

6 8.77 0.57 2.27 1.02 4.85 0.06 39% 

7 0.64 0.07 0.19 0.00 0.33 0.06 50% 

     

Table 3 – Basin Peak Flow Summary 

SUBBASIN  
DEVELOPED PEAK FLOW, Q (CFS) 

10-YR 100-YR 

1 3.34 11.38 

2 1.04 3.66 

3 1.56 5.14 

4 2.25 7.81 

5 2.30 10.04 

6 5.59 17.68 

7 0.73 2.02 

TOTAL 16.81 57.73 

 

4 Detention Treatment Facilities 
 

4.1 Detention 
Four Extended Detention Basins (EDB) were designed to provide water quality treatment for the 
site as demonstrated in Appendix C. The site will provide water quality treatment but is not 
required to detain the 10- or 100-year runoff events per the County Code allowance (LUDC 
Section 70-9 Technical Appendix, F.4.a.i.ii). The EDB’s were designed to provide Water Quality 
Treatment by capturing the Water Quality Control Volume (WQCV). Detailed design of the EDB’s 
and outlet structures have been provided in the plans and in Appendix E for reference.  
 

The WQCV is detained by the EDB’s and released via outlet piping over 40 hours as required by 

La Plata County. Table 4 shows the WQCV required and outlet structure data. 

Table 4 – Required and Provided Water Quality Volume  

POND 

SUBBASINS 

RECEIVED WQCV 

(AC-FT) 

OUTLET 

STRUCTURE 

DRAIN 

ORIFICES 

DIAMETER (IN) 

NUMBER OF 

ORIFICES 

1 1 0.084 CDOT TYPE C 1-3/16 3 

2 2, 3, 4, 5 0.166 CDOT TYPE C 1-7/16 3 

3 6 0.129 CDOT TYPE C 1-1/16 3 

4 7 0.011 CDOT TYPE C 7/16 1 
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5 Conveyance Design 
All storm water on site will be conveyed via sheet flow, swales and culverts. Appendix F shows 

the Grading and Drainage plan for the proposed development and Appendix E shows the outlet 

structure, swale and culvert design analysis. All proposed on-site drainage infrastructure was 

designed to have capacity for the 10-Year storm event. Table 5 summarizes the conveyance 

design for the site.  

Table 5 – Conveyance Design Summary  

SUBBASINS 
10-YR RUNOFF 

(CFS) 
STORM DRAIN ID 

RECEIVING 

POND 

1 3.34 
SD1: 15” ADS PIPE 

1 
SD2: 12” SDR-35 PVC PIPE 

2 1.04 
SD3: 15” ADS PIPE 

2 

SD4: 15” ADS PIPE 

3 1.56 
SD5: 15” ADS PIPE 

SD6: 15” ADS PIPE 

4 2.25 
SD7: 15” ADS PIPE 

SD8: 15” ADS PIPE 

5 2.30 

SD9: 15” ADS PIPE 

SD10: 15” ADS PIPE 

SD11: 12” SDR-35 PVC PIPE 

6 5.59 

SD12: 15” ADS PIPE 

3 

SD13: 15” ADS PIPE 

SD14: 15” ADS PIPE 

SD15: 15” ADS PIPE 

SD16: 12” SDR-35 PVC PIPE 

7 0.73 SD17: 6” SDR-35 PVC PIPE 4 

 

The site will provide detention for WQCV and discharge higher intensity events undetained per 

the County Code (LUDC Section 70-9 Technical Appendix, F.4.a.i.ii).  It is expected that the 100-

Year storm event will overwhelm the proposed site infrastructure. However, in this case, on-site 

runoff will flow directly into the Animas River without endangering any adjacent properties. 

6 Conclusion 
The proposed project includes the re-development of a historic gravel pit for the proposed Village 

Camp Durango Development. The site will include new gravel and asphalt drives, amenity areas, 

and RV Sites. The site will largely drain via a network of grass lined swales and culverts.  

Four extended detention basins were designed to provide water quality treatment for the 

proposed site. All conveyance via swales and culverts has been analyzed and deemed adequate 

to convey the 10-year event.



 

 

Appendix A 
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NOAA ATLAS 14 – Rainfall Intensity Estimates 
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%

IMPERVIOUSNESS
IMPERVIOUS AREA

(ACRES)
LAWNS AND SANDY
SOILS 3.47 2% 0.07

LAWNS AND SANDY
SOILS 1.01 2% 0.02

LAWNS AND SANDY
SOILS 3.96 2% 0.08

LAWNS AND SANDY
SOILS 0.32 2% 0.01

GRAVEL DRIVES 1.11 40% 0.44 GRAVEL DRIVES 0.85 40% 0.34 GRAVEL DRIVES 1.25 40% 0.50 GRAVEL DRIVES 0.00 40% 0.00
ROOFS 0.00 90% 0.00 ROOFS 0.00 90% 0.00 ROOFS 0.00 90% 0.00 ROOFS 0.06 90% 0.05
PAVED STREETS 1.37 100% 1.37 PAVED STREETS 0.38 100% 0.38 PAVED STREETS 0.59 100% 0.59 PAVED STREETS 0.19 100% 0.19
CONCRETE AREAS 0.20 100% 0.20 CONCRETE AREAS 0.10 100% 0.10 CONCRETE AREAS 0.15 100% 0.15 CONCRETE AREAS 0.07 100% 0.07

TOTAL AREA 6.15 2.08 TOTAL AREA 2.34 0.84 TOTAL AREA 5.95 1.32 TOTAL AREA 0.64 0.32

WEIGHTED IMPERVIOUSNESS 34% WEIGHTED IMPERVIOUSNESS 36% WEIGHTED IMPERVIOUSNESS 22% WEIGHTED IMPERVIOUSNESS 50%

SUBBASIN 2 SUBBASIN 4 SUBBASIN 6

LAND USE AREA (ACRES)
%

IMPERVIOUSNESS
IMPERVIOUS AREA

(ACRES) LAND USE AREA (ACRES)
%

IMPERVIOUSNESS
IMPERVIOUS AREA

(ACRES) LAND USE AREA (ACRES)
%

IMPERVIOUSNESS
IMPERVIOUS AREA

(ACRES)
LAWNS AND SANDY
SOILS 0.72 2% 0.01

LAWNS AND SANDY
SOILS 1.81 2% 0.04

LAWNS AND SANDY
SOILS 4.85 2% 0.10

GRAVEL DRIVES 0.36 40% 0.14 GRAVEL DRIVES 1.30 40% 0.52 GRAVEL DRIVES 1.02 40% 0.41
ROOFS 0.00 90% 0.00 ROOFS 0.00 90% 0.00 ROOFS 0.06 90% 0.05
PAVED STREETS 0.17 100% 0.17 PAVED STREETS 0.56 100% 0.56 PAVED STREETS 2.27 100% 2.27
CONCRETE AREAS 0.10 100% 0.10 CONCRETE AREAS 0.16 100% 0.16 CONCRETE AREAS 0.57 100% 0.57

TOTAL AREA 1.35 0.43 TOTAL AREA 3.83 1.28 TOTAL AREA 8.77 3.40

WEIGHTED IMPERVIOUSNESS 32% WEIGHTED IMPERVIOUSNESS 33% WEIGHTED IMPERVIOUSNESS 39%
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Designer:
Company: 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

Date: 1-hour rainfall depth, P1 (in) = 0.62 0.86 1.08 1.44 1.75 2.09 3.01
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

0.24 0.26 0.33 0.46 0.52 0.58 0.66 20.77 31.88 31.88 0.94 1.30 1.63 2.18 2.65 3.16 4.55 1.37 2.12 3.34 6.21 8.45 11.38 18.53

0.22 0.25 0.32 0.45 0.51 0.57 0.65 12.24 15.16 15.16 1.41 1.94 2.44 3.25 3.95 4.72 6.80 0.42 0.65 1.04 1.98 2.70 3.66 6.00

0.25 0.28 0.35 0.48 0.53 0.59 0.67 20.35 24.45 24.26 1.10 1.52 1.91 2.55 3.10 3.70 5.33 0.65 1.00 1.56 2.84 3.84 5.14 8.33

0.23 0.26 0.32 0.46 0.51 0.58 0.66 20.98 26.61 26.58 1.05 1.44 1.82 2.42 2.95 3.52 5.07 0.92 1.42 2.25 4.24 5.78 7.81 12.74

0.14 0.17 0.23 0.39 0.45 0.53 0.62 23.26 31.37 31.37 0.95 1.31 1.65 2.20 2.67 3.19 4.60 0.81 1.29 2.30 5.07 7.17 10.04 16.87

0.28 0.31 0.37 0.49 0.55 0.61 0.68 19.71 29.38 29.38 0.99 1.36 1.72 2.29 2.78 3.32 4.78 2.41 3.67 5.59 9.91 13.30 17.68 28.46

0.37 0.40 0.46 0.56 0.61 0.66 0.72 12.26 14.65 14.65 1.43 1.97 2.48 3.31 4.02 4.80 6.91 0.34 0.51 0.73 1.19 1.56 2.02 3.18

SUBBASIN 6 8.77 B 39.0 300.00

19.74

0.020 506.00 0.010

29.40

SUBBASIN 7 0.64 B 50.0 150.00 0.020 215.00 0.010 15 1.50 2.39

0.010 15 1.50 9.670.020 870.00

100.00 0.020 263.00SUBBASIN 2 1.35

32.33

26.58

SUBBASIN 5 5.95 B 22.0 300.00 0.020 730.00 0.010 15 1.50 8.11

24.26

SUBBASIN 4 3.83 B 33.0 300.00

Cells of this color are for calculated results based on overrides

SEH Inc.
1/6/2025
Village Camp Durango - Post Development

Version 2.00 released May 2017

15 1.50 5.62

23.81

SUBBASIN 3 2.34 B 36.0 300.00 0.020 369.00 0.010 15 1.50 4.10

0.010 15 1.50 2.92B 32.0

0.020300.00

Rainfall Intensity, I (in/hr)

1.50 11.11 32.33150.0101000.00

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

SUBBASIN 1 6.16 B 34.0

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 ∗ Pଵb + tୡ ୡ

t୧ = 0.395 1.1 − Cହ L୧S୧଴.ଷଷt୲ = L୲60K S୲ =  L୲60V୲
Computed tୡ = t୧ + t୲
Regional tୡ = 26 − 17i + L୲60 14i + 9 S୲ Selected tୡ = max t୫୧୬୧୫୳୫ , min Computed tୡ , Regional tୡ

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

Q 𝑐𝑓𝑠 = CIA



Project:

Basin ID:

Depth Increment = 1.00 ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 5,451 0.125

Selected BMP Type = EDB WQCV ELEV -- 0.63 -- -- -- 6,283 0.144 3,696 0.085

Watershed Area = 6.15 acres TOP ELEV -- 2.50 -- -- -- 8,770 0.201 17,771 0.408

Watershed Length = 533 ft -- -- -- --

Watershed Length to Centroid = 200 ft -- -- -- --

Watershed Slope = 0.005 ft/ft -- -- -- --

Watershed Imperviousness = 34.00% percent -- -- -- --

Percentage Hydrologic Soil Group A = 0.0% percent -- -- -- --

Percentage Hydrologic Soil Group B = 68.0% percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 32.0% percent -- -- -- --

Target WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = Denver - Capitol Building -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.084 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.209 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 0.62 in.) = 0.072 acre-feet 0.62 inches -- -- -- --

5-yr Runoff Volume (P1 = 0.86 in.) = 0.118 acre-feet 0.86 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.08 in.) = 0.167 acre-feet 1.08 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.44 in.) = 0.348 acre-feet 1.44 inches -- -- -- --

50-yr Runoff Volume (P1 = 1.75 in.) = 0.493 acre-feet 1.75 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.09 in.) = 0.686 acre-feet 2.09 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.01 in.) = 1.154 acre-feet 3.01 inches -- -- -- --

Approximate 2-yr Detention Volume = 0.083 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.136 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.194 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.256 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 0.290 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.364 acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (WQCV) = 0.084 acre-feet -- -- -- --

Select Zone 2 Storage Volume (Optional) = acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 0.084 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 -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

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)

Village Camp

Subbasin 1 - Pond 1

MHFD-Detention, Version 4.04 (February 2021)

Volume 

(ft
 3
)

Volume 

(ac-ft)

Area 

(acre)

Total detention volume 

is less than 100-year 

volume.

After providing required inputs above including 1-hour rainfall

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

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)

1 MHFD-Detention_v4 04_SB1, Basin 7/16/2025, 1:55 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

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

0.63 Zone 1 (WQCV) 0.63 Zone 1 (WQCV)

0.00 Zone 2 0.00 Zone 2

0.00 Zone 3 0.00 Zone 3

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.04 (February 2021)
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  Project:

  Basin ID:

Estimated Estimated

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

Zone 1 (WQCV) 0.63 0.084 Orifice Plate

Zone 2 Weir&Pipe (Circular)

Zone 3

Total (all zones) 0.084

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

Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 8.194E-03 ft
2

Depth at top of Zone using Orifice Plate = 0.40 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 1.60 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 1.18 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 (optionaRow 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 0.13 0.27

Orifice Area (sq. inches) 1.18 1.18 1.18

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional)Row 14 (optionaRow 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 = ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = ft
2

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

Vertical Orifice Diameter = 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 2 Weir Not Selected Zone 2 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 1.30 ft (relative to basin bottom at Stage = 0 ft)Height of Grate Upper Edge, Ht = 1.97 feet

Overflow Weir Front Edge Length = 2.00 feet Overflow Weir Slope Length = 2.11 feet

Overflow Weir Grate Slope = 3.00 H:V Grate Open Area / 100-yr Orifice Area = 3.74

Horiz. Length of Weir Sides = 2.00 feet Overflow Grate Open Area w/o Debris = 2.93 ft
2

Overflow Grate Type = Type C Grate Overflow Grate Open Area w/ Debris = 1.47 ft
2

Debris Clogging % = 50% %

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 2 Circular Not Selected Zone 2 Circular Not Selected

Depth to Invert of Outlet Pipe = 1.25 ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.79 ft
2

Circular Orifice Diameter = 12.00 inches Outlet Orifice Centroid = 0.50 feet

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

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

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

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

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

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

Max Ponding Depth of Target Storage Volume = 0.63 feet Discharge at Top of Freeboard = 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 0.62 0.86 1.08 1.44 1.75 2.09 3.01
CUHP Runoff Volume (acre-ft) = 0.084 0.209 0.072 0.118 0.167 0.348 0.493 0.686 1.154

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.072 0.118 0.167 0.348 0.493 0.686 1.154
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.0 0.1 0.1 2.6 4.4 6.5 11.7

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.00 0.01 0.02 0.43 0.71 1.06 1.91

Peak Inflow Q (cfs) = N/A N/A 0.9 1.6 2.2 5.3 7.5 10.2 16.9
Peak Outflow Q (cfs) = 0.1 0.2 0.07 0.1 0.1 0.8 2.0 3.0 3.0

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 1.5 1.1 0.3 0.5 0.5 0.3
Structure Controlling Flow = Plate Overflow Weir 1 Plate Plate Plate Overflow Weir Overflow Weir 1 N/A N/A

Max Velocity through Grate 1 (fps) = N/A 0.02 N/A N/A N/A 0.2 0.6 1.0 1.0
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) = 35 43 35 39 41 42 38 35 30
Time to Drain 99% of Inflow Volume (hours) = 40 50 40 44 48 52 50 47 44

Maximum Ponding Depth (ft) = 0.63 1.43 0.47 0.76 1.06 1.86 2.24 2.50 2.50
Area at Maximum Ponding Depth (acres) = 0.14 0.17 0.14 0.15 0.16 0.18 0.19 0.20 0.20

Maximum Volume Stored (acre-ft) = 0.085 0.210 0.061 0.104 0.148 0.284 0.357 0.408 0.408

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

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.04 (February 2021)

Village Camp

Subbasin 1 - Pond 1

Example Zone Configuration (Retention Pond)

1 MHFD-Detention_v4 04_SB1, Outlet Structure 7/16/2025, 1:56 PM



COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2

Count_Underdrain = 0 0.11 ameter = 3/8 inch) 2 1 1

Count_WQPlate = 1 0.14 meter = 7/16 inch)

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

Count_VertOrifice2 = 0 0.24 meter = 9/16 inch) 2 1 5yr, <72hr 0

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

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

Count_OutletPipe1 = 1 0.42 ameter = 3/4 inch) WQCV 64 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50 eter = 13/16 inch) 2 Year 48 Slope 0.010

COUNTA_2 (Standard FSD Setup)= 1 0.58 ameter = 7/8 inch) EURV 144 Shape 1.06

Hidden Parameters & Calculations 0.67 eter = 15/16 inch) 5 Year 77

MaxPondDepth_Error? FALSE 0.76 diameter = 1 inch) 10 Year 107 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86 r = 1-1/16 inches) 25 Year 187

WQ Plate Flow at 100yr depth = 0.18 0.97 ter = 1-1/8 inches) 50 Year 225

CLOG #1= 50% 1.08 r = 1-3/16 inches) 100 Year 251 1 Z1_Boolean

n*Cdw #1 = 0.18 1.20 ter = 1-1/4 inches) 500 Year 251 1 Z2_Boolean

n*Cdo #1 = 1.78 1.32 r = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.322 1.45 ter = 1-3/8 inches) 1 Opening Message

CLOG #2= 100% 1.59 r = 1-7/16 inches) Draintime Running

n*Cdw #2 = 0.00 1.73 ter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = 0.00 1.88 r = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = 0.000 2.03 ter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

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

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

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

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

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

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

CountA_4 (100yr Only) = 1 3.29 tangular 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 0 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 1 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 4.00 20,000 10

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

minimum bound

maximum bound

MHFD-Detention, Version 4.04 (February 2021)
DETENTION BASIN OUTLET STRUCTURE DESIGN
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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 0.00 0.00 0.06

0:15:00 0.00 0.00 0.00 0.07 0.14 0.12 0.21 0.23 0.47

0:20:00 0.00 0.00 0.24 0.43 0.59 0.44 0.60 0.70 1.36

0:25:00 0.00 0.00 0.65 1.18 1.75 1.17 1.70 2.08 4.76

0:30:00 0.00 0.00 0.87 1.57 2.18 3.82 5.83 7.74 13.64

0:35:00 0.00 0.00 0.87 1.52 2.08 5.10 7.36 10.14 16.92

0:40:00 0.00 0.00 0.82 1.39 1.90 5.30 7.48 10.16 16.72

0:45:00 0.00 0.00 0.73 1.25 1.73 4.88 6.88 9.62 15.75

0:50:00 0.00 0.00 0.66 1.14 1.56 4.51 6.35 8.85 14.49

0:55:00 0.00 0.00 0.61 1.02 1.40 3.93 5.56 7.97 13.08

1:00:00 0.00 0.00 0.55 0.90 1.26 3.41 4.84 7.18 11.79

1:05:00 0.00 0.00 0.50 0.80 1.14 2.94 4.21 6.46 10.63

1:10:00 0.00 0.00 0.44 0.73 1.07 2.49 3.56 5.39 8.99

1:15:00 0.00 0.00 0.41 0.67 1.02 2.17 3.09 4.57 7.71

1:20:00 0.00 0.00 0.37 0.61 0.93 1.86 2.65 3.82 6.44

1:25:00 0.00 0.00 0.34 0.56 0.81 1.60 2.27 3.18 5.33

1:30:00 0.00 0.00 0.32 0.51 0.71 1.35 1.89 2.61 4.35

1:35:00 0.00 0.00 0.29 0.45 0.61 1.12 1.54 2.09 3.46

1:40:00 0.00 0.00 0.26 0.39 0.53 0.90 1.22 1.61 2.64

1:45:00 0.00 0.00 0.24 0.33 0.46 0.70 0.93 1.19 1.97

1:50:00 0.00 0.00 0.22 0.29 0.42 0.55 0.72 0.91 1.55

1:55:00 0.00 0.00 0.19 0.27 0.39 0.46 0.60 0.73 1.29

2:00:00 0.00 0.00 0.17 0.25 0.35 0.41 0.53 0.62 1.11

2:05:00 0.00 0.00 0.14 0.20 0.28 0.32 0.41 0.46 0.83

2:10:00 0.00 0.00 0.11 0.16 0.22 0.24 0.31 0.34 0.61

2:15:00 0.00 0.00 0.09 0.13 0.18 0.19 0.24 0.24 0.44

2:20:00 0.00 0.00 0.07 0.10 0.14 0.15 0.18 0.18 0.32

2:25:00 0.00 0.00 0.06 0.08 0.11 0.11 0.14 0.13 0.24

2:30:00 0.00 0.00 0.04 0.06 0.08 0.08 0.10 0.10 0.18

2:35:00 0.00 0.00 0.03 0.05 0.06 0.06 0.08 0.08 0.14

2:40:00 0.00 0.00 0.03 0.03 0.05 0.05 0.06 0.06 0.10

2:45:00 0.00 0.00 0.02 0.03 0.04 0.04 0.04 0.04 0.08

2:50:00 0.00 0.00 0.02 0.02 0.03 0.03 0.03 0.03 0.06

2:55:00 0.00 0.00 0.01 0.01 0.02 0.02 0.02 0.02 0.04

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

3:05:00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

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

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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Project:

Basin ID:

Depth Increment = 1.00 ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 6,352 0.146

Selected BMP Type = EDB WQCV ELEV -- 1.01 -- -- -- 8,061 0.185 7,279 0.167

Watershed Area = 13.47 acres TOP ELEEV -- 2.50 -- -- -- 13,033 0.299 22,994 0.528

Watershed Length = 975 ft -- -- -- --

Watershed Length to Centroid = 475 ft -- -- -- --

Watershed Slope = 0.005 ft/ft -- -- -- --

Watershed Imperviousness = 29.00% percent -- -- -- --

Percentage Hydrologic Soil Group A = 0.0% percent -- -- -- --

Percentage Hydrologic Soil Group B = 68.0% percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 32.0% percent -- -- -- --

Target WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = Denver - Capitol Building -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.166 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.385 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 0.62 in.) = 0.126 acre-feet 0.62 inches -- -- -- --

5-yr Runoff Volume (P1 = 0.86 in.) = 0.217 acre-feet 0.86 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.08 in.) = 0.312 acre-feet 1.08 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.44 in.) = 0.715 acre-feet 1.44 inches -- -- -- --

50-yr Runoff Volume (P1 = 1.75 in.) = 1.038 acre-feet 1.75 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.09 in.) = 1.471 acre-feet 2.09 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.01 in.) = 2.518 acre-feet 3.01 inches -- -- -- --

Approximate 2-yr Detention Volume = 0.152 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.253 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.370 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.497 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 0.565 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.723 acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (WQCV) = 0.166 acre-feet -- -- -- --

Select Zone 2 Storage Volume (Optional) = acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 0.166 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 -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

Total detention volume 

is less than 100-year 

volume.

After providing required inputs above including 1-hour rainfall

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

the embedded Colorado Urban Hydrograph Procedure.
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Village Camp

Subbasin 2,3,4, and 5 - Pond 2

MHFD-Detention, Version 4.04 (February 2021)

Example Zone Configuration (Retention Pond)
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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

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

1.01 Zone 1 (WQCV) 1.01 Zone 1 (WQCV)

0.00 Zone 2 0.00 Zone 2

0.00 Zone 3 0.00 Zone 3

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.04 (February 2021)
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  Project:

  Basin ID:

Estimated Estimated

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

Zone 1 (WQCV) 1.01 0.166 Orifice Plate

Zone 2 Weir&Pipe (Circular)

Zone 3

Total (all zones) 0.166

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

Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 1.146E-02 ft
2

Depth at top of Zone using Orifice Plate = 0.47 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 1.90 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 1.65 sq. inches (diameter = 1-7/16 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 0.16 0.31

Orifice Area (sq. inches) 1.65 1.65 1.65

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 = ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = ft
2

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

Vertical Orifice Diameter = 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 2 Weir Not Selected Zone 2 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 1.25 ft (relative to basin bottom at Stage = 0 ft)Height of Grate Upper Edge, Ht = 1.92 feet

Overflow Weir Front Edge Length = 2.00 feet Overflow Weir Slope Length = 2.11 feet

Overflow Weir Grate Slope = 3.00 H:V Grate Open Area / 100-yr Orifice Area = 3.74

Horiz. Length of Weir Sides = 2.00 feet Overflow Grate Open Area w/o Debris = 2.93 ft
2

Overflow Grate Type = Type C Grate Overflow Grate Open Area w/ Debris = 1.47 ft
2

Debris Clogging % = 50% %

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 2 Circular Not Selected Zone 2 Circular Not Selected

Depth to Invert of Outlet Pipe = 1.25 ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.79 ft
2

Circular Orifice Diameter = 12.00 inches Outlet Orifice Centroid = 0.50 feet

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

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

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

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

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

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

Max Ponding Depth of Target Storage Volume = 1.01 feet Discharge at Top of Freeboard = 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 0.62 0.86 1.08 1.44 1.75 2.09 3.01
CUHP Runoff Volume (acre-ft) = 0.166 0.385 0.126 0.217 0.312 0.715 1.038 1.471 2.518

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.126 0.217 0.312 0.715 1.038 1.471 2.518
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.0 0.1 0.2 4.4 7.3 11.2 20.1

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.00 0.01 0.01 0.33 0.54 0.83 1.50

Peak Inflow Q (cfs) = N/A N/A 1.1 2.0 2.8 7.8 11.3 15.8 26.5
Peak Outflow Q (cfs) = 0.2 1.3 0.1 0.2 0.3 2.4 3.3 3.3 3.3

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 1.6 2.1 0.6 0.4 0.3 0.2
Structure Controlling Flow = Plate Overflow Weir 1 Plate Plate Overflow Weir 1 Overflow Weir 1 N/A N/A N/A

Max Velocity through Grate 1 (fps) = N/A 0.39 N/A N/A 0.1 0.8 1.0 1.0 1.0
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) = 35 37 34 38 40 33 30 28 26
Time to Drain 99% of Inflow Volume (hours) = 40 45 38 44 47 44 42 40 37

Maximum Ponding Depth (ft) = 1.01 1.99 0.66 1.11 1.50 2.30 2.50 2.50 2.50
Area at Maximum Ponding Depth (acres) = 0.19 0.26 0.17 0.19 0.22 0.28 0.30 0.30 0.30

Maximum Volume Stored (acre-ft) = 0.167 0.385 0.105 0.186 0.265 0.467 0.528 0.528 0.528

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

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.04 (February 2021)

Village Camp

Subbasin 2,3,4, and 5 - Pond 2

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 ameter = 3/8 inch) 2 1 1

Count_WQPlate = 1 0.14 meter = 7/16 inch)

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

Count_VertOrifice2 = 0 0.24 meter = 9/16 inch) 2 1 5yr, <72hr 0

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

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

Count_OutletPipe1 = 1 0.42 ameter = 3/4 inch) WQCV 102 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50 eter = 13/16 inch) 2 Year 67 Slope 0.010

COUNTA_2 (Standard FSD Setup)= 1 0.58 ameter = 7/8 inch) EURV 200 Shape 1.62

Hidden Parameters & Calculations 0.67 eter = 15/16 inch) 5 Year 112

MaxPondDepth_Error? FALSE 0.76 diameter = 1 inch) 10 Year 151 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86 r = 1-1/16 inches) 25 Year 231

WQ Plate Flow at 100yr depth = 0.25 0.97 ter = 1-1/8 inches) 50 Year 251

CLOG #1= 50% 1.08 r = 1-3/16 inches) 100 Year 251 1 Z1_Boolean

n*Cdw #1 = 0.18 1.20 ter = 1-1/4 inches) 500 Year 251 1 Z2_Boolean

n*Cdo #1 = 1.78 1.32 r = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.322 1.45 ter = 1-3/8 inches) 1 Opening Message

CLOG #2= 100% 1.59 r = 1-7/16 inches) Draintime Running

n*Cdw #2 = 0.00 1.73 ter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = 0.00 1.88 r = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = 0.000 2.03 ter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

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

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

VertOrifice2 Q at 100yr depth = 0.00 2.54  = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

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

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

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

CountA_4 (100yr Only) = 1 3.29 tangular 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 0 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 1 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 4.00 30,000 10

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

minimum bound

maximum bound

MHFD-Detention, Version 4.04 (February 2021)
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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 0.00 0.00 0.06

0:15:00 0.00 0.00 0.00 0.06 0.13 0.11 0.20 0.22 0.45

0:20:00 0.00 0.00 0.23 0.41 0.57 0.43 0.59 0.69 1.53

0:25:00 0.00 0.00 0.63 1.29 1.98 1.30 1.95 2.42 6.00

0:30:00 0.00 0.00 1.00 1.86 2.67 4.71 7.46 10.05 18.33

0:35:00 0.00 0.00 1.10 1.98 2.81 6.84 10.19 14.19 24.47

0:40:00 0.00 0.00 1.11 1.96 2.76 7.78 11.34 15.61 26.42

0:45:00 0.00 0.00 1.05 1.86 2.64 7.72 11.19 15.78 26.47

0:50:00 0.00 0.00 0.99 1.78 2.50 7.54 10.90 15.32 25.69

0:55:00 0.00 0.00 0.94 1.67 2.37 6.97 10.12 14.55 24.43

1:00:00 0.00 0.00 0.89 1.57 2.25 6.42 9.37 13.80 23.21

1:05:00 0.00 0.00 0.85 1.49 2.16 5.92 8.70 13.15 22.21

1:10:00 0.00 0.00 0.81 1.42 2.09 5.44 7.98 12.00 20.37

1:15:00 0.00 0.00 0.76 1.34 2.01 5.01 7.32 10.89 18.57

1:20:00 0.00 0.00 0.72 1.25 1.89 4.54 6.62 9.71 16.52

1:25:00 0.00 0.00 0.67 1.16 1.72 4.09 5.94 8.59 14.58

1:30:00 0.00 0.00 0.62 1.07 1.57 3.63 5.25 7.53 12.76

1:35:00 0.00 0.00 0.58 0.99 1.43 3.20 4.59 6.56 11.21

1:40:00 0.00 0.00 0.55 0.92 1.34 2.86 4.11 5.84 10.05

1:45:00 0.00 0.00 0.53 0.86 1.26 2.59 3.73 5.28 9.09

1:50:00 0.00 0.00 0.51 0.81 1.19 2.38 3.41 4.78 8.24

1:55:00 0.00 0.00 0.48 0.77 1.12 2.19 3.12 4.34 7.47

2:00:00 0.00 0.00 0.45 0.72 1.04 2.02 2.85 3.93 6.75

2:05:00 0.00 0.00 0.41 0.65 0.93 1.80 2.53 3.46 5.91

2:10:00 0.00 0.00 0.36 0.57 0.81 1.58 2.22 3.02 5.12

2:15:00 0.00 0.00 0.32 0.50 0.71 1.38 1.91 2.61 4.38

2:20:00 0.00 0.00 0.28 0.44 0.61 1.18 1.62 2.20 3.66

2:25:00 0.00 0.00 0.24 0.38 0.52 0.98 1.34 1.81 2.96

2:30:00 0.00 0.00 0.21 0.32 0.43 0.80 1.07 1.43 2.29

2:35:00 0.00 0.00 0.17 0.26 0.35 0.62 0.81 1.06 1.67

2:40:00 0.00 0.00 0.14 0.21 0.28 0.45 0.57 0.74 1.21

2:45:00 0.00 0.00 0.11 0.16 0.22 0.32 0.41 0.53 0.90

2:50:00 0.00 0.00 0.09 0.13 0.19 0.24 0.31 0.39 0.68

2:55:00 0.00 0.00 0.08 0.11 0.15 0.18 0.23 0.29 0.50

3:00:00 0.00 0.00 0.06 0.09 0.13 0.14 0.18 0.21 0.37

3:05:00 0.00 0.00 0.05 0.08 0.11 0.11 0.14 0.15 0.27

3:10:00 0.00 0.00 0.05 0.06 0.09 0.09 0.11 0.11 0.20

3:15:00 0.00 0.00 0.04 0.05 0.07 0.07 0.09 0.08 0.16

3:20:00 0.00 0.00 0.03 0.04 0.06 0.06 0.07 0.07 0.12

3:25:00 0.00 0.00 0.03 0.04 0.05 0.04 0.05 0.05 0.10

3:30:00 0.00 0.00 0.02 0.03 0.04 0.04 0.04 0.04 0.08

3:35:00 0.00 0.00 0.02 0.02 0.03 0.03 0.03 0.03 0.06

3:40:00 0.00 0.00 0.01 0.02 0.02 0.02 0.02 0.02 0.04

3:45:00 0.00 0.00 0.01 0.01 0.02 0.02 0.02 0.02 0.03

3:50:00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.02

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

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

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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Project:

Basin ID:

Depth Increment = 1.00 ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 2,832 0.065

Selected BMP Type = EDB WQCV ELEV -- 1.60 -- -- -- 4,258 0.098 5,672 0.130

Watershed Area = 8.77 acres TOP ELEV -- 3.00 -- -- -- 5,642 0.130 12,602 0.289

Watershed Length = 915 ft -- -- -- --

Watershed Length to Centroid = 435 ft -- -- -- --

Watershed Slope = 0.005 ft/ft -- -- -- --

Watershed Imperviousness = 39.00% percent -- -- -- --

Percentage Hydrologic Soil Group A = 0.0% percent -- -- -- --

Percentage Hydrologic Soil Group B = 68.0% percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 32.0% percent -- -- -- --

Target WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = Denver - Capitol Building -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.129 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.345 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 0.62 in.) = 0.129 acre-feet 0.62 inches -- -- -- --

5-yr Runoff Volume (P1 = 0.86 in.) = 0.208 acre-feet 0.86 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.08 in.) = 0.285 acre-feet 1.08 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.44 in.) = 0.552 acre-feet 1.44 inches -- -- -- --

50-yr Runoff Volume (P1 = 1.75 in.) = 0.765 acre-feet 1.75 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.09 in.) = 1.045 acre-feet 2.09 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.01 in.) = 1.729 acre-feet 3.01 inches -- -- -- --

Approximate 2-yr Detention Volume = 0.139 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.223 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.312 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.406 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 0.459 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.568 acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (WQCV) = 0.129 acre-feet -- -- -- --

Select Zone 2 Storage Volume (Optional) = acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 0.129 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 -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

Total detention volume 

is less than 100-year 

volume.

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)

Village Camp

Subbasin 6 - Pond 3

MHFD-Detention, Version 4.04 (February 2021)

Example Zone Configuration (Retention Pond)
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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

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

1.60 Zone 1 (WQCV) 1.60 Zone 1 (WQCV)

0.00 Zone 2 0.00 Zone 2

0.00 Zone 3 0.00 Zone 3

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.04 (February 2021)
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  Project:

  Basin ID:

Estimated Estimated

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

Zone 1 (WQCV) 1.60 0.129 Orifice Plate

Zone 2 Weir&Pipe (Circular)

Zone 3

Total (all zones) 0.129

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

Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 6.181E-03 ft
2

Depth at top of Zone using Orifice Plate = 0.83 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 3.30 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 0.89 sq. inches (diameter = 1-1/16 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 0.28 0.55

Orifice Area (sq. inches) 0.89 0.89 0.89

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 = ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = ft
2

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

Vertical Orifice Diameter = 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 2 Weir Not Selected Zone 2 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 1.70 ft (relative to basin bottom at Stage = 0 ft)Height of Grate Upper Edge, Ht = 2.37 feet

Overflow Weir Front Edge Length = 2.00 feet Overflow Weir Slope Length = 2.11 feet

Overflow Weir Grate Slope = 3.00 H:V Grate Open Area / 100-yr Orifice Area = 3.74

Horiz. Length of Weir Sides = 2.00 feet Overflow Grate Open Area w/o Debris = 2.93 ft
2

Overflow Grate Type = Type C Grate Overflow Grate Open Area w/ Debris = 1.47 ft
2

Debris Clogging % = 50% %

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 2 Circular Not Selected Zone 2 Circular Not Selected

Depth to Invert of Outlet Pipe = 1.25 ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.79 ft
2

Circular Orifice Diameter = 12.00 inches Outlet Orifice Centroid = 0.50 feet

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

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

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

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

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

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

Max Ponding Depth of Target Storage Volume = 1.59 feet Discharge at Top of Freeboard = 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 0.62 0.86 1.08 1.44 1.75 2.09 3.01
CUHP Runoff Volume (acre-ft) = 0.129 0.345 0.129 0.208 0.285 0.552 0.765 1.045 1.729

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.129 0.208 0.285 0.552 0.765 1.045 1.729
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.0 0.1 0.1 2.6 4.4 6.7 12.0

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.00 0.01 0.01 0.30 0.50 0.76 1.37

Peak Inflow Q (cfs) = N/A N/A 1.2 2.1 2.8 6.5 9.0 12.1 19.8
Peak Outflow Q (cfs) = 0.1 3.4 0.1 0.4 0.9 3.2 3.4 3.4 3.4

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 6.1 9.4 1.2 0.8 0.5 0.3
Structure Controlling Flow = Plate N/A Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 N/A N/A N/A

Max Velocity through Grate 1 (fps) = N/A 1.10 N/A 0.1 0.3 1.1 1.1 1.1 1.1
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) = 39 36 40 42 40 32 28 26 22
Time to Drain 99% of Inflow Volume (hours) = 45 45 46 49 48 44 41 39 35

Maximum Ponding Depth (ft) = 1.59 3.00 1.42 2.02 2.30 2.97 3.00 3.00 3.00
Area at Maximum Ponding Depth (acres) = 0.10 0.13 0.09 0.11 0.11 0.13 0.13 0.13 0.13

Maximum Volume Stored (acre-ft) = 0.129 0.289 0.112 0.172 0.204 0.284 0.289 0.289 0.289

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.04 (February 2021)

Village Camp

Subbasin 6 - Pond 3

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 ameter = 3/8 inch) 2 1 1

Count_WQPlate = 1 0.14 meter = 7/16 inch)

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

Count_VertOrifice2 = 0 0.24 meter = 9/16 inch) 2 1 5yr, <72hr 0

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

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

Count_OutletPipe1 = 1 0.42 ameter = 3/4 inch) WQCV 160 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50 eter = 13/16 inch) 2 Year 143 Slope 0.010

COUNTA_2 (Standard FSD Setup)= 1 0.58 ameter = 7/8 inch) EURV 301 Shape 2.19

Hidden Parameters & Calculations 0.67 eter = 15/16 inch) 5 Year 203

MaxPondDepth_Error? FALSE 0.76 diameter = 1 inch) 10 Year 231 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86 r = 1-1/16 inches) 25 Year 298

WQ Plate Flow at 100yr depth = 0.15 0.97 ter = 1-1/8 inches) 50 Year 301

CLOG #1= 50% 1.08 r = 1-3/16 inches) 100 Year 301 1 Z1_Boolean

n*Cdw #1 = 0.18 1.20 ter = 1-1/4 inches) 500 Year 301 1 Z2_Boolean

n*Cdo #1 = 1.78 1.32 r = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.322 1.45 ter = 1-3/8 inches) 1 Opening Message

CLOG #2= 100% 1.59 r = 1-7/16 inches) Draintime Running

n*Cdw #2 = 0.00 1.73 ter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = 0.00 1.88 r = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = 0.000 2.03 ter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

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

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

VertOrifice2 Q at 100yr depth = 0.00 2.54  = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

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

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

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

CountA_4 (100yr Only) = 1 3.29 tangular 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 0 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 1 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 4.00 20,000 10

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 4.04 (February 2021)
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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 0.00 0.00 0.08

0:15:00 0.00 0.00 0.00 0.09 0.19 0.16 0.28 0.31 0.62

0:20:00 0.00 0.00 0.33 0.58 0.80 0.60 0.81 0.96 1.66

0:25:00 0.00 0.00 0.89 1.47 2.13 1.47 2.07 2.51 5.34

0:30:00 0.00 0.00 1.17 2.01 2.75 4.38 6.45 8.39 14.58

0:35:00 0.00 0.00 1.21 2.06 2.79 5.93 8.39 11.34 18.85

0:40:00 0.00 0.00 1.18 1.98 2.67 6.48 9.03 12.10 19.81

0:45:00 0.00 0.00 1.11 1.85 2.52 6.25 8.68 11.92 19.43

0:50:00 0.00 0.00 1.05 1.74 2.36 6.02 8.35 11.44 18.61

0:55:00 0.00 0.00 0.99 1.63 2.21 5.49 7.64 10.70 17.44

1:00:00 0.00 0.00 0.94 1.53 2.10 5.02 7.01 10.06 16.45

1:05:00 0.00 0.00 0.91 1.45 1.99 4.62 6.48 9.54 15.63

1:10:00 0.00 0.00 0.84 1.36 1.89 4.19 5.87 8.56 14.07

1:15:00 0.00 0.00 0.78 1.26 1.78 3.78 5.27 7.59 12.53

1:20:00 0.00 0.00 0.71 1.16 1.63 3.34 4.64 6.57 10.83

1:25:00 0.00 0.00 0.67 1.07 1.50 2.94 4.06 5.65 9.35

1:30:00 0.00 0.00 0.63 1.02 1.40 2.61 3.61 4.97 8.24

1:35:00 0.00 0.00 0.61 0.97 1.31 2.36 3.25 4.44 7.35

1:40:00 0.00 0.00 0.58 0.91 1.23 2.15 2.94 3.98 6.57

1:45:00 0.00 0.00 0.56 0.84 1.15 1.96 2.66 3.56 5.87

1:50:00 0.00 0.00 0.54 0.78 1.08 1.78 2.41 3.18 5.22

1:55:00 0.00 0.00 0.49 0.73 1.00 1.62 2.16 2.81 4.60

2:00:00 0.00 0.00 0.45 0.67 0.91 1.45 1.93 2.47 4.02

2:05:00 0.00 0.00 0.38 0.56 0.76 1.22 1.60 2.05 3.31

2:10:00 0.00 0.00 0.32 0.47 0.63 0.99 1.29 1.64 2.63

2:15:00 0.00 0.00 0.26 0.37 0.50 0.77 0.99 1.25 1.99

2:20:00 0.00 0.00 0.21 0.30 0.41 0.58 0.73 0.91 1.46

2:25:00 0.00 0.00 0.17 0.24 0.34 0.43 0.55 0.67 1.10

2:30:00 0.00 0.00 0.14 0.20 0.28 0.34 0.43 0.51 0.84

2:35:00 0.00 0.00 0.12 0.17 0.23 0.27 0.34 0.39 0.64

2:40:00 0.00 0.00 0.10 0.14 0.19 0.21 0.26 0.30 0.49

2:45:00 0.00 0.00 0.08 0.12 0.16 0.17 0.21 0.22 0.37

2:50:00 0.00 0.00 0.07 0.10 0.13 0.13 0.16 0.16 0.27

2:55:00 0.00 0.00 0.06 0.08 0.10 0.11 0.13 0.12 0.21

3:00:00 0.00 0.00 0.05 0.06 0.08 0.09 0.10 0.10 0.16

3:05:00 0.00 0.00 0.04 0.05 0.07 0.07 0.08 0.08 0.13

3:10:00 0.00 0.00 0.03 0.04 0.05 0.05 0.07 0.06 0.10

3:15:00 0.00 0.00 0.02 0.03 0.04 0.04 0.05 0.05 0.08

3:20:00 0.00 0.00 0.02 0.02 0.03 0.03 0.04 0.04 0.06

3:25:00 0.00 0.00 0.01 0.02 0.02 0.02 0.03 0.03 0.04

3:30:00 0.00 0.00 0.01 0.01 0.02 0.02 0.02 0.02 0.03

3:35:00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.02

3:40:00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

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

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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Project:

Basin ID:

Depth Increment = 1.00 ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 298 0.007

Selected BMP Type = EDB WQCV ELEV -- 1.00 -- -- -- 682 0.016 490 0.011

Watershed Area = 0.64 acres TOP ELEV -- 2.00 -- -- -- 1,122 0.026 1,392 0.032

Watershed Length = 300 ft -- -- -- --

Watershed Length to Centroid = 150 ft -- -- -- --

Watershed Slope = 0.005 ft/ft -- -- -- --

Watershed Imperviousness = 50.00% percent -- -- -- --

Percentage Hydrologic Soil Group A = 0.0% percent -- -- -- --

Percentage Hydrologic Soil Group B = 68.0% percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 32.0% percent -- -- -- --

Target WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = Denver - Capitol Building -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.011 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.033 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 0.62 in.) = 0.013 acre-feet 0.62 inches -- -- -- --

5-yr Runoff Volume (P1 = 0.86 in.) = 0.020 acre-feet 0.86 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.08 in.) = 0.027 acre-feet 1.08 inches -- -- -- --

25-yr Runoff Volume (P1 = 1.44 in.) = 0.046 acre-feet 1.44 inches -- -- -- --

50-yr Runoff Volume (P1 = 1.75 in.) = 0.062 acre-feet 1.75 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.09 in.) = 0.082 acre-feet 2.09 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.01 in.) = 0.131 acre-feet 3.01 inches -- -- -- --

Approximate 2-yr Detention Volume = 0.014 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.021 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.029 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.036 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 0.041 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.049 acre-feet -- -- -- --

-- -- -- --

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

Select Zone 1 Storage Volume (Required) = acre-feet -- -- -- --

Select Zone 2 Storage Volume (Optional) = acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 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 -- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

-- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
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Optional 

Override 

Stage (ft)

Stage

(ft)

Stage - Storage

Description

Area 

(ft
 2
)

Width 

(ft)

Village Camp

Subbasin 7 - Pond 4

MHFD-Detention, Version 4.04 (February 2021)

Volume 

(ft
 3
)

Volume 

(ac-ft)

Area 

(acre)

After providing required inputs above including 1-hour rainfall

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

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)
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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

H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor #N/A #N/A

#N/A Zone 1 #N/A #N/A

0.00 Zone 2 #N/A #N/A

0.00 Zone 3 #N/A #N/A

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.04 (February 2021)
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  Project:

  Basin ID:

Estimated Estimated

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

Zone 1 (WQCV) 0.99 0.011 Orifice Plate

Zone 2 Weir&Pipe (Circular)

Zone 3

Total (all zones) 0.011

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

Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 1.042E-03 ft
2

Depth at top of Zone using Orifice Plate = 0.83 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

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

Orifice Plate: Orifice Area per Row = 0.15 sq. inches (diameter = 7/16 inch) 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

Orifice Area (sq. inches) 0.15

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 = ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = ft
2

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

Vertical Orifice Diameter = 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 2 Weir Not Selected Zone 2 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 1.25 ft (relative to basin bottom at Stage = 0 ft)Height of Grate Upper Edge, Ht = 1.92 feet

Overflow Weir Front Edge Length = 2.00 feet Overflow Weir Slope Length = 2.11 feet

Overflow Weir Grate Slope = 3.00 H:V Grate Open Area / 100-yr Orifice Area = 14.95

Horiz. Length of Weir Sides = 2.00 feet Overflow Grate Open Area w/o Debris = 2.93 ft
2

Overflow Grate Type = Type C Grate Overflow Grate Open Area w/ Debris = 1.47 ft
2

Debris Clogging % = 50% %

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 2 Circular Not Selected Zone 2 Circular Not Selected

Depth to Invert of Outlet Pipe = 0.50 ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.20 ft
2

Circular Orifice Diameter = 6.00 inches Outlet Orifice Centroid = 0.25 feet

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

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

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

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

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

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

Max Ponding Depth of Target Storage Volume = 0.99 feet Discharge at Top of Freeboard = 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 0.62 0.86 1.08 1.44 1.75 2.09 3.01
CUHP Runoff Volume (acre-ft) = 0.011 0.033 0.013 0.020 0.027 0.046 0.062 0.082 0.131

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.013 0.020 0.027 0.046 0.062 0.082 0.131
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.0 0.0 0.0 0.2 0.3 0.4 0.8

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.00 0.01 0.01 0.26 0.44 0.67 1.22

Peak Inflow Q (cfs) = N/A N/A 0.1 0.2 0.3 0.5 0.7 1.0 1.5
Peak Outflow Q (cfs) = 0.0 0.9 0.0 0.0 0.1 0.3 0.5 0.8 1.2

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 9.6 16.1 1.9 1.8 1.8 1.5
Structure Controlling Flow = Plate Overflow Weir 1 Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1Overflow Weir 1 Overflow Weir 1 N/A

Max Velocity through Grate 1 (fps) = N/A 0.16 N/A 0.0 0.0 0.1 0.2 0.3 0.4
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) = 39 47 44 51 50 46 44 41 35
Time to Drain 99% of Inflow Volume (hours) = 42 52 47 55 55 53 51 50 47

Maximum Ponding Depth (ft) = 0.99 1.71 1.04 1.34 1.43 1.62 1.72 1.84 2.00
Area at Maximum Ponding Depth (acres) = 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03

Maximum Volume Stored (acre-ft) = 0.011 0.025 0.012 0.017 0.019 0.023 0.025 0.028 0.032

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

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.04 (February 2021)

Village Camp

Subbasin 7 - Pond 4

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 ameter = 3/8 inch) 2 1 1

Count_WQPlate = 1 0.14 meter = 7/16 inch)

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

Count_VertOrifice2 = 0 0.24 meter = 9/16 inch) 2 1 5yr, <72hr 0

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

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

Count_OutletPipe1 = 1 0.42 ameter = 3/4 inch) WQCV 100 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50 eter = 13/16 inch) 2 Year 105 Slope 0.010

COUNTA_2 (Standard FSD Setup)= 1 0.58 ameter = 7/8 inch) EURV 172 Shape 3.23

Hidden Parameters & Calculations 0.67 eter = 15/16 inch) 5 Year 135

MaxPondDepth_Error? FALSE 0.76 diameter = 1 inch) 10 Year 144 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86 r = 1-1/16 inches) 25 Year 163

WQ Plate Flow at 100yr depth = 0.01 0.97 ter = 1-1/8 inches) 50 Year 173

CLOG #1= 50% 1.08 r = 1-3/16 inches) 100 Year 185 1 Z1_Boolean

n*Cdw #1 = 0.18 1.20 ter = 1-1/4 inches) 500 Year 201 1 Z2_Boolean

n*Cdo #1 = 1.78 1.32 r = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.322 1.45 ter = 1-3/8 inches) 1 Opening Message

CLOG #2= 100% 1.59 r = 1-7/16 inches) Draintime Running

n*Cdw #2 = 0.00 1.73 ter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = 0.00 1.88 r = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = 0.000 2.03 ter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

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

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

VertOrifice2 Q at 100yr depth = 0.00 2.54  = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

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

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

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

CountA_4 (100yr Only) = 1 3.29 tangular 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 0 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 1 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 2.00 10,000 10

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

minimum bound

maximum bound

MHFD-Detention, Version 4.04 (February 2021)
DETENTION BASIN OUTLET STRUCTURE DESIGN
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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 0.00 0.00 0.01

0:15:00 0.00 0.00 0.00 0.01 0.02 0.02 0.03 0.03 0.07

0:20:00 0.00 0.00 0.04 0.06 0.09 0.07 0.09 0.10 0.17

0:25:00 0.00 0.00 0.10 0.16 0.22 0.15 0.21 0.25 0.48

0:30:00 0.00 0.00 0.13 0.20 0.27 0.40 0.56 0.71 1.18

0:35:00 0.00 0.00 0.13 0.20 0.27 0.51 0.70 0.92 1.48

0:40:00 0.00 0.00 0.12 0.19 0.26 0.54 0.73 0.96 1.53

0:45:00 0.00 0.00 0.12 0.18 0.24 0.52 0.70 0.94 1.49

0:50:00 0.00 0.00 0.11 0.17 0.22 0.50 0.67 0.89 1.42

0:55:00 0.00 0.00 0.10 0.16 0.21 0.45 0.61 0.83 1.32

1:00:00 0.00 0.00 0.10 0.15 0.20 0.42 0.56 0.78 1.24

1:05:00 0.00 0.00 0.09 0.14 0.19 0.38 0.52 0.74 1.18

1:10:00 0.00 0.00 0.08 0.13 0.17 0.34 0.46 0.66 1.05

1:15:00 0.00 0.00 0.08 0.12 0.16 0.31 0.41 0.58 0.92

1:20:00 0.00 0.00 0.07 0.11 0.15 0.27 0.36 0.49 0.79

1:25:00 0.00 0.00 0.07 0.10 0.14 0.24 0.32 0.43 0.69

1:30:00 0.00 0.00 0.06 0.10 0.13 0.22 0.29 0.38 0.62

1:35:00 0.00 0.00 0.06 0.09 0.12 0.20 0.26 0.34 0.55

1:40:00 0.00 0.00 0.06 0.09 0.11 0.18 0.24 0.31 0.49

1:45:00 0.00 0.00 0.05 0.08 0.11 0.16 0.21 0.27 0.43

1:50:00 0.00 0.00 0.05 0.07 0.10 0.15 0.19 0.24 0.38

1:55:00 0.00 0.00 0.05 0.07 0.09 0.13 0.17 0.21 0.33

2:00:00 0.00 0.00 0.04 0.06 0.08 0.12 0.15 0.18 0.28

2:05:00 0.00 0.00 0.03 0.05 0.06 0.09 0.12 0.14 0.22

2:10:00 0.00 0.00 0.03 0.04 0.05 0.07 0.09 0.11 0.17

2:15:00 0.00 0.00 0.02 0.03 0.04 0.05 0.07 0.08 0.13

2:20:00 0.00 0.00 0.02 0.03 0.04 0.04 0.05 0.06 0.10

2:25:00 0.00 0.00 0.02 0.02 0.03 0.03 0.04 0.05 0.08

2:30:00 0.00 0.00 0.01 0.02 0.02 0.03 0.03 0.04 0.06

2:35:00 0.00 0.00 0.01 0.01 0.02 0.02 0.03 0.03 0.05

2:40:00 0.00 0.00 0.01 0.01 0.02 0.02 0.02 0.02 0.03

2:45:00 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.03

2:50:00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.02

2:55:00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.02

3:00:00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01

3:05:00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

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

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
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Appendix E 
Culvert and Swale Analysis, Storm P-Pros, and Outlet Structure Details 
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