














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.
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Project:

Basin ID:

Depth Increment = ft

Required Volume Calculation Top of Micropool -- 0.00 -- -- -- 852 0.020

Selected BMP Type = EDB 7345 -- 0.90 -- -- -- 2,356 0.054 1,420 0.033

Watershed Area = 11.00 acres 7346 -- 1.90 -- -- -- 3,627 0.083 4,399 0.101

Watershed Length = 1,048 ft 7347 -- 2.90 -- -- -- 5,182 0.119 8,840 0.203

Watershed Slope = 0.019 ft/ft 7348 -- 3.90 -- -- -- 6,697 0.154 14,779 0.339

Watershed Imperviousness = 11.00% percent 7348.66 -- 4.56 -- -- -- 7,491 0.172 19,461 0.447

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

Percentage Hydrologic Soil Group B = 100.0% percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- -- -- --

Desired WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = User Input -- -- -- --

Water Quality Capture Volume (WQCV) = 0.067 acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.115 acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 0.080 acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 0.123 acre-feet 1.50 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 0.268 acre-feet 1.75 inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 0.680 acre-feet 2.00 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 0.939 acre-feet 2.25 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 1.277 acre-feet 2.52 inches -- -- -- --

500-yr Runoff Volume (P1 = 0 in.) = 0.000 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 0.074 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.115 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.229 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.315 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 0.330 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.425 acre-feet -- -- -- --

-- -- -- --

Stage-Storage Calculation -- -- -- --

Zone 1 Volume (User Defined) = 0.017 acre-feet -- -- -- --

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

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

Total Detention Basin Volume = 0.017 acre-feet -- -- -- --

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

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 2̂ -- -- -- --

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

Surcharge Volume Width (W ISV) = 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 2̂ -- -- -- --

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

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 2̂ -- -- -- --

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

Calculated Total Basin Volume (Vtotal) = user acre-feet -- -- -- --
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1 User Defined Stage-Area Boolean for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA

0 Calc_S_TC

H_FLOOR

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

0.57 Zone 1 (User) 0.57 Zone 1 (User)

0.00 Zone 2 0.00 Zone 2

0.00 Zone 3 0.00 Zone 3
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  Project:

  Basin ID:

Stage (ft) Zone Volume (ac‐ft) Outlet Type

Zone 1 (User) 0.57 0.017 Orifice Plate

Zone 2 Weir&Pipe (Circular)

Zone 3

0.017 Total

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 = 2.083E‐03 ft2

Depth at top of Zone using Orifice Plate = 0.95 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half‐Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 5.00 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 0.30 sq. inches (diameter = 5/8 inch) Elliptical Slot Area = N/A ft2

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 0.40 0.80

Orifice Area (sq. inches) 0.30 0.30 0.30

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 = ft2

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) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir

Zone 2 Weir Not Selected Zone 2 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 0.95 ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 0.95 feet

Overflow Weir Front Edge Length = 4.00 feet Over Flow Weir Slope Length = 3.00 feet

Overflow Weir Slope = 0.00 H:V (enter zero for flat grate) Grate Open Area / 100‐yr Orifice Area = 5.77 should be > 4

Horiz. Length of Weir Sides = 3.00 feet Overflow Grate Open Area w/o Debris = 10.20 ft2

Overflow Grate Open Area % = 85% %, grate open area/total area Overflow Grate Open Area w/ Debris = 5.10 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 = 3.05 ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 1.77 ft
2

Circular Orifice Diameter = 18.00 inches Outlet Orifice Centroid = 0.75 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= 2.52 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.70 feet

Spillway Crest Length = 9.00 feet Stage at Top of Freeboard = 4.22 feet

Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 0.16 acres

Freeboard above Max Water Surface = 1.00 feet

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) = 0.53 1.07 1.19 1.50 1.75 2.00 2.25 2.52 0.00

Calculated Runoff Volume (acre-ft) = 0.067 0.115 0.080 0.123 0.268 0.680 0.939 1.277 0.000

OPTIONAL Override Runoff Volume (acre-ft) = 0.017

Inflow Hydrograph Volume (acre-ft) = 0.017 0.114 0.079 0.122 0.268 0.680 0.939 1.276 #N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.01 0.02 0.19 0.63 0.87 1.17 0.00

Predevelopment Peak Q (cfs) = 0.0 0.0 0.1 0.2 2.1 6.9 9.5 12.8 0.0

Peak Inflow Q (cfs) = 0.3 1.8 1.3 2.0 4.3 10.7 14.8 20.0 #N/A

Peak Outflow Q (cfs) = 0.0 1.6 0.9 1.8 4.4 11.3 14.9 17.6 #N/A

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 8.4 2.2 1.6 1.6 1.4 #N/A

Structure Controlling Flow = Plate Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Outlet Plate 1 #N/A

Max Velocity through Grate 1 (fps) = N/A 0.13 0.07 0.1 0.4 1.1 1.4 1.7 #N/A

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 43 46 42 31 15 8 3 #N/A

Time to Drain 99% of Inflow Volume (hours) = 42 52 54 51 46 34 29 23 #N/A

Maximum Ponding Depth (ft) = 0.52 1.07 1.03 1.08 1.19 1.41 1.50 2.00 #N/A

Area at Maximum Ponding Depth (acres) = 0.04 0.06 0.06 0.06 0.06 0.07 0.07 0.09 #N/A

Maximum Volume Stored (acre-ft) = 0.015 0.043 0.040 0.043 0.050 0.064 0.070 0.109 #N/A
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1 Vert Orifice 2

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

Count_WQPlate = 1 0.14 eter = 7/16 inch)

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

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

Count_Weir1 = 1 0.29 meter = 5/8 inch) >5yr, <120hr #N/A 0

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

Count_OutletPipe1 = 1 0.42 meter = 3/4 inch) WQCV 52 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50 er = 13/16 inch) 2 Year 103 Slope 0.019

COUNTA_2 (Standard FSD Setup)= 1 0.58 meter = 7/8 inch) EURV 107 Shape 2.29

MaxPondDepth_Error? FALSE 0.67 er = 15/16 inch) 5 Year 108

Hidden Parameters & Calculations 0.76 ameter = 1 inch) 10 Year 119 Spillway Depth

0.86 = 1-1/16 inches) 25 Year 141 0.70

WQ Plate Flow at 100yr depth = 0.04 0.97 = 1-1/8 inches) 50 Year 150

CLOG #1= 43% 1.08 = 1-3/16 inches) 100 Year 200 1 Z1_Boolean

Cdw #1 = 1.15 1.20 = 1-1/4 inches) 500 Year #N/A 1 Z2_Boolean

Cdo #1 = 1.07 1.32 = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45 = 1-3/8 inches) 1 Opening Message

CLOG #2= 0% 1.59 = 1-7/16 inches) Draintime Running

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

Cdo #2 = 1.88 = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = 2.03 = 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 = 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

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

Count_User_Hydrographs #N/A 2.90 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09 eter = 2 inches) Button Visibility Boolean FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29 gular openings) 1 Button_Trigger

0 Underdrain

0 WQCV Plate

0 EURV-WQCV Plate

0 EURV-WQCV VertOrifice

0 Outlet 90% Qpeak
1 Outlet Undetained

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

minimum bound

maximum bound
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Outflow Hydrograph Workbook Filename:

Storm Inflow Hydrographs

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

SOURCE WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK #N/A

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]

5.26  min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

0:05:16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

Hydrograph 0:10:31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

Constant 0:15:47 0.01 0.08 0.06 0.09 0.19 0.48 0.65 0.87 #N/A

0.951 0:21:02 0.03 0.22 0.16 0.24 0.51 1.28 1.75 2.36 #N/A

0:26:18 0.09 0.57 0.40 0.62 1.32 3.29 4.50 6.07 #N/A

0:31:34 0.24 1.58 1.10 1.70 3.64 9.04 12.36 16.67 #N/A

0:36:49 0.28 1.84 1.28 1.97 4.27 10.73 14.75 19.99 #N/A

0:42:05 0.26 1.74 1.21 1.87 4.07 10.24 14.09 19.11 #N/A

0:47:20 0.24 1.59 1.10 1.70 3.70 9.33 12.83 17.40 #N/A

0:52:36 0.21 1.40 0.97 1.51 3.29 8.33 11.48 15.59 #N/A

0:57:52 0.17 1.20 0.83 1.29 2.82 7.20 9.94 13.52 #N/A

1:03:07 0.15 1.05 0.72 1.13 2.46 6.27 8.65 11.75 #N/A

1:08:23 0.14 0.95 0.65 1.02 2.23 5.68 7.84 10.66 #N/A

1:13:38 0.11 0.77 0.53 0.82 1.82 4.69 6.49 8.85 #N/A

1:18:54 0.08 0.61 0.42 0.66 1.48 3.83 5.32 7.27 #N/A

1:24:10 0.06 0.46 0.31 0.49 1.12 2.95 4.12 5.66 #N/A

1:29:25 0.04 0.33 0.22 0.36 0.82 2.20 3.09 4.27 #N/A

1:34:41 0.03 0.24 0.17 0.26 0.60 1.59 2.23 3.11 #N/A

1:39:56 0.03 0.19 0.13 0.21 0.47 1.23 1.72 2.38 #N/A

1:45:12 0.02 0.16 0.11 0.17 0.39 1.01 1.41 1.95 #N/A

1:50:28 0.02 0.14 0.09 0.15 0.33 0.86 1.20 1.65 #N/A

1:55:43 0.02 0.12 0.08 0.13 0.29 0.76 1.05 1.45 #N/A

2:00:59 0.02 0.11 0.07 0.12 0.26 0.68 0.95 1.30 #N/A

2:06:14 0.01 0.10 0.07 0.11 0.24 0.63 0.87 1.19 #N/A

2:11:30 0.01 0.07 0.05 0.08 0.18 0.46 0.64 0.88 #N/A

2:16:46 0.01 0.05 0.04 0.06 0.13 0.34 0.47 0.64 #N/A

2:22:01 0.01 0.04 0.03 0.04 0.10 0.25 0.34 0.47 #N/A

2:27:17 0.00 0.03 0.02 0.03 0.07 0.18 0.25 0.35 #N/A

2:32:32 0.00 0.02 0.01 0.02 0.05 0.13 0.18 0.25 #N/A

2:37:48 0.00 0.01 0.01 0.02 0.03 0.09 0.13 0.18 #N/A

2:43:04 0.00 0.01 0.01 0.01 0.02 0.07 0.09 0.13 #N/A

2:48:19 0.00 0.01 0.00 0.01 0.02 0.04 0.06 0.09 #N/A

2:53:35 0.00 0.00 0.00 0.00 0.01 0.03 0.04 0.05 #N/A

2:58:50 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.03 #N/A

3:04:06 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 #N/A

3:09:22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

3:14:37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

3:19:53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

3:25:08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

3:30:24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

3:35:40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

3:40:55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

3:46:11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

3:51:26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

3:56:42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:01:58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:07:13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:12:29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:17:44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:23:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:28:16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:33:31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:38:47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:44:02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:49:18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:54:34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:59:49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:05:05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:10:20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:15:36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:20:52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:26:07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:31:23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:36:38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:41:54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:47:10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:52:25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:57:41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:02:56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:08:12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:13:28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:18:43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

UD‐Detention, Version 3.07 (February 2017)
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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]

UD‐Detention, Version 3.07 (February 2017)

Detention Basin Outlet Structure Design

Stage ‐ Storage

Description

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).



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.
Urban Drainage and Flood Control 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: UDFCD email
Revisions? Check for revised versions of this or any other workbook at: Downloads

DETENTION BASIN DESIGN WORKBOOK

Urban Drainage and Flood Control District
Denver, Colorado
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Project:

Basin ID:

Depth Increment = ft

Required Volume Calculation Top of Micropool -- 0.00 -- -- -- 40 0.001

Selected BMP Type = EDB 7333 -- 0.85 -- -- -- 212 0.005 105 0.002

Watershed Area = 136.50 acres 7334 -- 1.85 -- -- -- 2,362 0.054 1,371 0.031

Watershed Length = 6,193 ft 7335 -- 2.85 -- -- -- 6,372 0.146 5,761 0.132

Watershed Slope = 0.026 ft/ft 7336 -- 3.85 -- -- -- 8,176 0.188 13,035 0.299

Watershed Imperviousness = 3.70% percent 7337 -- 4.85 -- -- -- 9,844 0.226 22,045 0.506

Percentage Hydrologic Soil Group A = 0.0% percent 7338 -- 5.85 -- -- -- 11,605 0.266 32,770 0.752

Percentage Hydrologic Soil Group B = 100.0% percent 7339 -- 7.00 -- -- -- 14,060 0.323 47,527 1.091

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- -- -- --

Desired WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = User Input -- -- -- --

Water Quality Capture Volume (WQCV) = 0.310 acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.438 acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 0.273 acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 0.461 acre-feet 1.50 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 1.910 acre-feet 1.75 inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 7.188 acre-feet 2.00 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 10.442 acre-feet 2.25 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 14.689 acre-feet 2.52 inches -- -- -- --

500-yr Runoff Volume (P1 = 0 in.) = 0.000 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 0.252 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.430 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 1.559 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 2.421 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 2.420 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 3.266 acre-feet -- -- -- --

-- -- -- --

Stage-Storage Calculation -- -- -- --

Zone 1 Volume (User Defined) = 0.048 acre-feet -- -- -- --

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

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

Total Detention Basin Volume = 0.048 acre-feet -- -- -- --

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

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 2̂ -- -- -- --

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

Surcharge Volume Width (W ISV) = 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 2̂ -- -- -- --

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

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 2̂ -- -- -- --

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

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

-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --

Optional User Override
1-hr Precipitation

WQCV not provided!

Total detention volume 
is less than 100-year 
volume.

Volume 
(ft 3̂)

Volume 
(ac-ft)

Area 
(acre)

DETENTION BASIN STAGE‐STORAGE TABLE BUILDER

Optional 
Override 

Area (ft 2̂)
Length 

(ft)

Optional 
Override 
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area 
(ft 2̂)

Width 
(ft)
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WQ Pond C
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Example Zone Configuration (Retention Pond)
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1 User Defined Stage-Area Boolean for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA

0 Calc_S_TC

H_FLOOR

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

2.10 Zone 1 (User) 2.10 Zone 1 (User)

0.00 Zone 2 0.00 Zone 2

0.00 Zone 3 0.00 Zone 3

DETENTION BASIN STAGE‐STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)
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  Project:

  Basin ID:

Stage (ft) Zone Volume (ac‐ft) Outlet Type

Zone 1 (User) 2.10 0.048 Orifice Plate

Zone 2 Weir&Pipe (Circular)

Zone 3

0.048 Total

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 = 2.10 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 0.70 1.40

Orifice Area (sq. inches) 0.15 0.15 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) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir

Zone 2 Weir Not Selected Zone 2 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 1.90 ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 1.90 feet

Overflow Weir Front Edge Length = 14.00 feet Over Flow Weir Slope Length = 3.00 feet

Overflow Weir Slope = 0.00 H:V (enter zero for flat grate) Grate Open Area / 100‐yr Orifice Area = 2.24 should be > 4

Horiz. Length of Weir Sides = 3.00 feet Overflow Grate Open Area w/o Debris = 35.70 ft
2

Overflow Grate Open Area % = 85% %, grate open area/total area Overflow Grate Open Area w/ Debris = 17.85 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 = 2.30 ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 15.90 ft
2

Circular Orifice Diameter = 54.00 inches Outlet Orifice Centroid = 2.25 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= 5.41 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.96 feet

Spillway Crest Length = 56.00 feet Stage at Top of Freeboard = 7.37 feet

Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 0.32 acres

Freeboard above Max Water Surface = 1.00 feet

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) = 0.53 1.07 1.19 1.50 1.75 2.00 2.25 2.52 0.00

Calculated Runoff Volume (acre-ft) = 0.310 0.438 0.273 0.461 1.910 7.188 10.442 14.689 0.000

OPTIONAL Override Runoff Volume (acre-ft) = 0.048

Inflow Hydrograph Volume (acre-ft) = 0.048 0.438 0.272 0.460 1.909 7.179 10.433 14.682 #N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.01 0.01 0.13 0.46 0.64 0.88 0.00

Predevelopment Peak Q (cfs) = 0.0 0.0 1.1 1.9 17.8 63.0 87.5 119.5 0.0

Peak Inflow Q (cfs) = 0.6 5.3 3.3 5.6 22.8 83.6 120.1 166.9 #N/A

Peak Outflow Q (cfs) = 0.3 6.7 3.2 7.0 22.8 84.1 120.6 163.5 #N/A

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 3.6 1.3 1.3 1.4 1.4 #N/A

Structure Controlling Flow = Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Outlet Plate 1 #N/A

Max Velocity through Grate 1 (fps) = 0.00 0.19 0.08 0.2 0.6 2.3 3.4 4.6 #N/A

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 23 29 22 1 1 1 1 #N/A

Time to Drain 99% of Inflow Volume (hours) = 43 34 37 34 17 2 2 2 #N/A

Maximum Ponding Depth (ft) = 1.92 2.08 2.01 2.08 2.30 2.88 3.30 4.51 #N/A

Area at Maximum Ponding Depth (acres) = 0.06 0.07 0.07 0.08 0.10 0.15 0.16 0.21 #N/A

Maximum Volume Stored (acre-ft) = 0.036 0.046 0.041 0.047 0.066 0.137 0.202 0.429 #N/A

Detention Basin Outlet Structure Design

UD‐Detention, Version 3.07 (February 2017)
Winsome Filing 1 - Water Quality Pond C

WQ Pond C

Example Zone Configuration (Retention Pond)



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

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

Count_WQPlate = 1 0.14 ter = 7/16 inch)

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

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

Count_Weir1 = 1 0.29 eter = 5/8 inch) >5yr, <120hr #N/A 0

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

Count_OutletPipe1 = 1 0.42 eter = 3/4 inch) WQCV 192 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50 er = 13/16 inch) 2 Year 201 Slope 0.026

COUNTA_2 (Standard FSD Setup)= 1 0.58 eter = 7/8 inch) EURV 209 Shape 6.00

MaxPondDepth_Error? FALSE 0.67 er = 15/16 inch) 5 Year 209

Hidden Parameters & Calculations 0.76 meter = 1 inch) 10 Year 231 Spillway Depth

0.86 = 1-1/16 inches) 25 Year 289 0.96

WQ Plate Flow at 100yr depth = 0.03 0.97 = 1-1/8 inches) 50 Year 331

CLOG #1= 43% 1.08 = 1-3/16 inches) 100 Year 452 1 Z1_Boolean

Cdw #1 = 1.15 1.20 = 1-1/4 inches) 500 Year #N/A 1 Z2_Boolean

Cdo #1 = 1.07 1.32 = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45 = 1-3/8 inches) 1 Opening Message

CLOG #2= 0% 1.59 = 1-7/16 inches) Draintime Running

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

Cdo #2 = 1.88 = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = 2.03 = 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 = 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

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

Count_User_Hydrographs #N/A 2.90 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09 eter = 2 inches) Button Visibility Boolean FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29 gular openings) 1 Button_Trigger

0 Underdrain

0 WQCV Plate

0 EURV-WQCV Plate

0 EURV-WQCV VertOrifice

0 Outlet 90% Qpeak
1 Outlet Undetained

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

minimum bound

maximum bound

Detention Basin Outlet Structure Design
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Outflow Hydrograph Workbook Filename:

Storm Inflow Hydrographs

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

SOURCE WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK #N/A

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]

6.87  min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

0:06:52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

Hydrograph 0:13:44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

Constant 0:20:37 0.03 0.24 0.15 0.25 0.98 3.25 4.38 5.63 #N/A

0.728 0:27:29 0.07 0.64 0.40 0.67 2.68 9.32 12.95 17.32 #N/A

0:34:21 0.19 1.64 1.03 1.72 6.88 23.94 33.29 44.55 #N/A

0:41:13 0.52 4.50 2.83 4.72 18.87 65.53 90.94 121.46 #N/A

0:48:05 0.60 5.32 3.33 5.58 22.78 83.58 120.14 166.93 #N/A

0:54:58 0.56 5.07 3.17 5.32 21.81 81.34 118.29 166.62 #N/A

1:01:50 0.51 4.61 2.88 4.84 19.85 74.43 108.69 153.81 #N/A

1:08:42 0.45 4.11 2.56 4.32 17.82 67.12 98.10 138.91 #N/A

1:15:34 0.38 3.54 2.20 3.72 15.49 58.96 86.41 122.70 #N/A

1:22:26 0.33 3.09 1.92 3.24 13.45 51.58 75.68 107.54 #N/A

1:29:19 0.30 2.80 1.74 2.94 12.20 46.36 67.78 95.95 #N/A

1:36:11 0.24 2.30 1.42 2.42 10.17 39.13 57.57 82.03 #N/A

1:43:03 0.19 1.87 1.15 1.97 8.38 32.51 47.91 68.36 #N/A

1:49:55 0.14 1.43 0.87 1.51 6.57 25.98 38.51 55.26 #N/A

1:56:47 0.10 1.06 0.64 1.12 5.00 20.21 30.09 43.33 #N/A

2:03:40 0.07 0.77 0.47 0.81 3.68 15.24 22.81 33.05 #N/A

2:10:32 0.06 0.60 0.37 0.63 2.79 11.33 16.84 24.45 #N/A

2:17:24 0.05 0.49 0.30 0.52 2.27 9.03 13.35 19.21 #N/A

2:24:16 0.04 0.42 0.26 0.44 1.92 7.58 11.18 16.01 #N/A

2:31:08 0.04 0.37 0.23 0.39 1.68 6.57 9.66 13.79 #N/A

2:38:01 0.03 0.33 0.20 0.35 1.50 5.86 8.60 12.25 #N/A

2:44:53 0.03 0.31 0.19 0.32 1.38 5.35 7.85 11.15 #N/A

2:51:45 0.02 0.23 0.14 0.24 1.02 4.06 6.04 8.74 #N/A

2:58:37 0.02 0.17 0.10 0.17 0.74 2.93 4.35 6.30 #N/A

3:05:29 0.01 0.12 0.07 0.13 0.55 2.17 3.23 4.67 #N/A

3:12:22 0.01 0.09 0.05 0.09 0.41 1.61 2.40 3.46 #N/A

3:19:14 0.01 0.06 0.04 0.07 0.29 1.19 1.77 2.57 #N/A

3:26:06 0.00 0.04 0.03 0.05 0.21 0.86 1.28 1.86 #N/A

3:32:58 0.00 0.03 0.02 0.03 0.15 0.62 0.93 1.35 #N/A

3:39:50 0.00 0.02 0.01 0.02 0.10 0.44 0.66 0.97 #N/A

3:46:43 0.00 0.01 0.01 0.01 0.06 0.29 0.44 0.65 #N/A

3:53:35 0.00 0.01 0.00 0.01 0.04 0.17 0.26 0.40 #N/A

4:00:27 0.00 0.00 0.00 0.00 0.01 0.08 0.13 0.20 #N/A

4:07:19 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.07 #N/A

4:14:11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 #N/A

4:21:04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:27:56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:34:48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:41:40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:48:32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:55:25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:02:17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:09:09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:16:01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:22:53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:29:46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:36:38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:43:30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:50:22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:57:14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:04:07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:10:59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:17:51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:24:43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:31:35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:38:28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:45:20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:52:12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:59:04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:05:56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:12:49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:19:41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:26:33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:33:25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:40:17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:47:10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:54:02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

8:00:54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

8:07:46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

8:14:38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A
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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

UD‐Detention, Version 3.07 (February 2017)



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.
Urban Drainage and Flood Control 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: UDFCD email
Revisions? Check for revised versions of this or any other workbook at: Downloads
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Urban Drainage and Flood Control District
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UD-Detention, Version 3.07 (February 2017)
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Project:

Basin ID:

Depth Increment = ft

Required Volume Calculation Top of Micropool -- 0.00 -- -- -- 64 0.001

Selected BMP Type = EDB 7325 -- 0.91 -- -- -- 1,677 0.038 775 0.018

Watershed Area = 127.00 acres 7326 -- 1.91 -- -- -- 7,079 0.163 5,100 0.117

Watershed Length = 4,370 ft 7327 -- 2.91 -- -- -- 17,549 0.403 17,484 0.401

Watershed Slope = 0.034 ft/ft 7328 -- 3.91 -- -- -- 20,953 0.481 36,735 0.843

Watershed Imperviousness = 7.60% percent 7329 -- 4.91 -- -- -- 24,621 0.565 59,522 1.366

Percentage Hydrologic Soil Group A = 0.0% percent Spillway -- 5.91 -- -- -- 28,289 0.649 85,977 1.974

Percentage Hydrologic Soil Group B = 100.0% percent 7331 -- 6.91 -- -- -- 31,993 0.734 116,118 2.666

Percentage Hydrologic Soil Groups C/D = 0.0% percent 7332 -- 7.91 -- -- -- 32,388 0.744 148,309 3.405

Desired WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = User Input -- -- -- --

Water Quality Capture Volume (WQCV) = 0.559 acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.887 acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 0.594 acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 0.945 acre-feet 1.50 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 2.479 acre-feet 1.75 inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 7.312 acre-feet 2.00 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 10.317 acre-feet 2.25 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 14.240 acre-feet 2.52 inches -- -- -- --

500-yr Runoff Volume (P1 = 0 in.) = 0.000 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 0.550 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.884 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 2.088 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 3.038 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 3.149 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 4.132 acre-feet -- -- -- --

-- -- -- --

Stage-Storage Calculation -- -- -- --

Zone 1 Volume (User Defined) = 0.051 acre-feet -- -- -- --

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

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

Total Detention Basin Volume = 0.051 acre-feet -- -- -- --

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

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 2̂ -- -- -- --

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

Surcharge Volume Width (W ISV) = 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 2̂ -- -- -- --

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

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 2̂ -- -- -- --

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

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

-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
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-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
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-- -- -- --
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-- -- -- --

DETENTION BASIN STAGE‐STORAGE TABLE BUILDER

Optional 
Override 

Area (ft 2̂)
Length 

(ft)

Optional 
Override 
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area 
(ft 2̂)

Width 
(ft)

Winsome Filing 1 - Water Quality Pond D

Basin D1.1+D2 with Manual WQ Area

UD-Detention, Version 3.07 (February 2017)

Volume 
(ft 3̂)

Volume 
(ac-ft)

Area 
(acre)

Optional User Override
1-hr Precipitation

WQCV not provided!

Total detention volume 
is less than 100-year 
volume.

Example Zone Configuration (Retention Pond)

2021-11-10 UD-Detention Pond D - (Outlet) asbuilt, Basin 7/13/2022, 9:07 AM



1 User Defined Stage-Area Boolean for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA

0 Calc_S_TC

H_FLOOR

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

1.40 Zone 1 (User) 1.40 Zone 1 (User)

0.00 Zone 2 0.00 Zone 2

0.00 Zone 3 0.00 Zone 3

DETENTION BASIN STAGE‐STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)
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  Project:

  Basin ID:

Stage (ft) Zone Volume (ac‐ft) Outlet Type

Zone 1 (User) 1.40 0.051 Orifice Plate

Zone 2 Weir&Pipe (Circular)

Zone 3

0.051 Total

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 = 2.778E‐03 ft
2

Depth at top of Zone using Orifice Plate = 1.40 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half‐Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 6.00 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 0.40 sq. inches (diameter = 11/16 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 0.50 1.00

Orifice Area (sq. inches) 0.40 0.40 0.40

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) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir

Zone 2 Weir Not Selected Zone 2 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 2.10 ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 2.10 feet

Overflow Weir Front Edge Length = 12.00 feet Over Flow Weir Slope Length = 3.00 feet

Overflow Weir Slope = 0.00 H:V (enter zero for flat grate) Grate Open Area / 100‐yr Orifice Area = 1.92 should be > 4

Horiz. Length of Weir Sides = 3.00 feet Overflow Grate Open Area w/o Debris = 30.60 ft
2

Overflow Grate Open Area % = 85% %, grate open area/total area Overflow Grate Open Area w/ Debris = 15.30 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 = 2.10 ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 15.90 ft
2

Circular Orifice Diameter = 54.00 inches Outlet Orifice Centroid = 2.25 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= 5.80 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.97 feet

Spillway Crest Length = 68.00 feet Stage at Top of Freeboard = 7.77 feet

Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 0.74 acres

Freeboard above Max Water Surface = 1.00 feet

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) = 0.53 1.07 1.19 1.50 1.75 2.00 2.25 2.52 0.00

Calculated Runoff Volume (acre-ft) = 0.559 0.887 0.594 0.945 2.479 7.312 10.317 14.240 0.000

OPTIONAL Override Runoff Volume (acre-ft) = 0.051

Inflow Hydrograph Volume (acre-ft) = 0.050 0.887 0.594 0.944 2.479 7.310 10.306 14.238 #N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.01 0.02 0.18 0.60 0.82 1.11 0.00

Predevelopment Peak Q (cfs) = 0.0 0.0 1.4 2.4 22.3 75.6 104.6 141.5 0.0

Peak Inflow Q (cfs) = 0.8 13.4 9.0 14.3 37.1 107.0 149.4 203.9 #N/A

Peak Outflow Q (cfs) = 0.0 12.2 7.4 13.0 36.3 102.6 131.9 168.2 #N/A

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 5.5 1.6 1.4 1.3 1.2 #N/A

Structure Controlling Flow = Plate Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 #N/A

Max Velocity through Grate 1 (fps) = N/A 0.40 0.25 0.4 1.2 3.3 4.3 5.5 #N/A

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) = 29 40 45 40 24 2 2 2 #N/A

Time to Drain 99% of Inflow Volume (hours) = 31 51 53 50 41 25 17 7 #N/A

Maximum Ponding Depth (ft) = 1.33 2.39 2.31 2.40 2.70 3.47 4.36 5.77 #N/A

Area at Maximum Ponding Depth (acres) = 0.09 0.28 0.26 0.28 0.35 0.45 0.52 0.64 #N/A

Maximum Volume Stored (acre-ft) = 0.044 0.222 0.200 0.227 0.319 0.639 1.063 1.884 #N/A

Detention Basin Outlet Structure Design

UD‐Detention, Version 3.07 (February 2017)
Winsome Filing 1 - Water Quality Pond

Basin D1.1+D2

Example Zone Configuration (Retention Pond)



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

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

Count_WQPlate = 1 0.14 ter = 7/16 inch)

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

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

Count_Weir1 = 1 0.29 eter = 5/8 inch) >5yr, <120hr #N/A 0

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

Count_OutletPipe1 = 1 0.42 eter = 3/4 inch) WQCV 133 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50 er = 13/16 inch) 2 Year 232 Slope 0.034

COUNTA_2 (Standard FSD Setup)= 1 0.58 eter = 7/8 inch) EURV 240 Shape 3.45

MaxPondDepth_Error? FALSE 0.67 er = 15/16 inch) 5 Year 241

Hidden Parameters & Calculations 0.76 meter = 1 inch) 10 Year 271 Spillway Depth

0.86 = 1-1/16 inches) 25 Year 348 0.97

WQ Plate Flow at 100yr depth = 0.09 0.97 = 1-1/8 inches) 50 Year 437

CLOG #1= 43% 1.08 = 1-3/16 inches) 100 Year 578 1 Z1_Boolean

Cdw #1 = 1.15 1.20 = 1-1/4 inches) 500 Year #N/A 1 Z2_Boolean

Cdo #1 = 1.07 1.32 = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45 = 1-3/8 inches) 1 Opening Message

CLOG #2= 0% 1.59 = 1-7/16 inches) Draintime Running

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

Cdo #2 = 1.88 = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = 2.03 = 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 = 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

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

Count_User_Hydrographs #N/A 2.90 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09 eter = 2 inches) Button Visibility Boolean FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29 gular openings) 1 Button_Trigger

0 Underdrain

0 WQCV Plate

0 EURV-WQCV Plate

0 EURV-WQCV VertOrifice

0 Outlet 90% Qpeak
1 Outlet Undetained

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

minimum bound

maximum bound

UD‐Detention, Version 3.07 (February 2017)
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Outflow Hydrograph Workbook Filename:

Storm Inflow Hydrographs

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

SOURCE WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK #N/A

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]

5.46  min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

0:05:28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

Hydrograph 0:10:55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

Constant 0:16:23 0.04 0.59 0.40 0.63 1.58 4.16 5.46 6.93 #N/A

0.916 0:21:50 0.10 1.60 1.08 1.70 4.34 11.92 16.13 21.24 #N/A

0:27:18 0.25 4.11 2.77 4.36 11.14 30.62 41.44 54.63 #N/A

0:32:46 0.69 11.28 7.62 11.98 30.57 83.80 113.23 148.96 #N/A

0:38:13 0.80 13.45 9.04 14.29 37.08 107.04 149.38 203.94 #N/A

0:43:41 0.75 12.84 8.62 13.66 35.54 104.21 147.01 203.29 #N/A

0:49:08 0.68 11.69 7.85 12.43 32.34 95.38 135.07 187.58 #N/A

0:54:36 0.60 10.46 7.01 11.13 29.07 86.02 121.90 169.39 #N/A

1:00:04 0.51 9.05 6.05 9.63 25.32 75.56 107.37 149.59 #N/A

1:05:31 0.45 7.88 5.27 8.38 22.04 66.11 94.03 131.10 #N/A

1:10:59 0.40 7.14 4.77 7.60 19.95 59.41 84.22 117.01 #N/A

1:16:26 0.32 5.91 3.94 6.29 16.66 50.16 71.52 99.98 #N/A

1:21:54 0.26 4.84 3.21 5.15 13.76 41.68 59.52 83.30 #N/A

1:27:22 0.19 3.75 2.47 3.99 10.82 33.32 47.83 67.31 #N/A

1:32:49 0.13 2.80 1.84 2.99 8.28 25.93 37.37 52.76 #N/A

1:38:17 0.10 2.02 1.33 2.16 6.12 19.55 28.32 40.21 #N/A

1:43:44 0.08 1.56 1.03 1.67 4.63 14.53 20.92 29.74 #N/A

1:49:12 0.07 1.28 0.85 1.37 3.75 11.58 16.58 23.38 #N/A

1:54:40 0.06 1.09 0.72 1.16 3.17 9.71 13.88 19.50 #N/A

2:00:07 0.05 0.96 0.63 1.02 2.76 8.42 12.00 16.81 #N/A

2:05:35 0.05 0.86 0.57 0.92 2.48 7.51 10.69 14.93 #N/A

2:11:02 0.04 0.79 0.53 0.84 2.27 6.86 9.75 13.59 #N/A

2:16:30 0.03 0.58 0.39 0.62 1.68 5.21 7.50 10.63 #N/A

2:21:58 0.02 0.43 0.28 0.45 1.22 3.76 5.41 7.66 #N/A

2:27:25 0.02 0.31 0.21 0.33 0.90 2.79 4.01 5.68 #N/A

2:32:53 0.01 0.23 0.15 0.25 0.67 2.07 2.98 4.21 #N/A

2:38:20 0.01 0.17 0.11 0.18 0.49 1.53 2.20 3.12 #N/A

2:43:48 0.01 0.12 0.08 0.13 0.35 1.10 1.59 2.27 #N/A

2:49:16 0.00 0.08 0.05 0.09 0.25 0.80 1.15 1.64 #N/A

2:54:43 0.00 0.06 0.04 0.06 0.17 0.56 0.82 1.18 #N/A

3:00:11 0.00 0.03 0.02 0.04 0.11 0.37 0.55 0.79 #N/A

3:05:38 0.00 0.02 0.01 0.02 0.06 0.22 0.33 0.48 #N/A

3:11:06 0.00 0.01 0.00 0.01 0.03 0.11 0.16 0.24 #N/A

3:16:34 0.00 0.00 0.00 0.00 0.01 0.03 0.05 0.09 #N/A

3:22:01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 #N/A

3:27:29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

3:32:56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

3:38:24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

3:43:52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

3:49:19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

3:54:47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:00:14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:05:42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:11:10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:16:37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:22:05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:27:32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:33:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:38:28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:43:55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:49:23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:54:50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:00:18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:05:46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:11:13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:16:41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:22:08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:27:36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:33:04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:38:31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:43:59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:49:26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:54:54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:00:22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:05:49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:11:17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:16:44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:22:12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:27:40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:33:07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

UD‐Detention, Version 3.07 (February 2017)

Detention Basin Outlet Structure Design



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]

UD‐Detention, Version 3.07 (February 2017)

Detention Basin Outlet Structure Design

Stage ‐ Storage

Description

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).



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.
Urban Drainage and Flood Control 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: UDFCD email
Revisions? Check for revised versions of this or any other workbook at: Downloads
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Project:

Basin ID:

Depth Increment = ft

Required Volume Calculation Top of Micropool -- 0.00 -- -- -- 933 0.021

Selected BMP Type = EDB 7290 -- 1.00 -- -- -- 15,158 0.348 7,894 0.181

Watershed Area = 101.00 acres Note: L / W Ratio > 8 7291 -- 2.00 -- -- -- 36,406 0.836 33,464 0.768

Watershed Length = 6,480 ft L / W Ratio = 9.5 7292 -- 3.00 -- -- -- 42,429 0.974 73,245 1.681

Watershed Slope = 0.029 ft/ft 7293 -- 4.00 -- -- -- 48,162 1.106 118,540 2.721

Watershed Imperviousness = 6.60% percent 7294 -- 5.00 -- -- -- 53,868 1.237 169,555 3.892

Percentage Hydrologic Soil Group A = 0.0% percent 7295 -- 6.00 -- -- -- 59,631 1.369 226,305 5.195

Percentage Hydrologic Soil Group B = 97.5% percent 7296 -- 7.00 -- -- -- 65,493 1.504 288,867 6.631

Percentage Hydrologic Soil Groups C/D = 2.5% percent 7297 -- 8.00 -- -- -- 71,638 1.645 357,432 8.206

Desired WQCV Drain Time = 40.0 hours 7298 -- 9.00 -- -- -- 77,888 1.788 432,195 9.922

Location for 1-hr Rainfall Depths = User Input -- -- -- --

Water Quality Capture Volume (WQCV) = 0.392 acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.604 acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 0.401 acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 0.659 acre-feet 1.50 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 1.857 acre-feet 1.75 inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 5.716 acre-feet 2.00 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 8.114 acre-feet 2.25 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 11.244 acre-feet 2.52 inches -- -- -- --

500-yr Runoff Volume (P1 = 0 in.) = 0.000 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 0.372 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.617 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 1.536 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 2.263 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 2.332 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 3.087 acre-feet -- -- -- --

-- -- -- --

Stage-Storage Calculation -- -- -- --

Zone 1 Volume (User Defined) = 0.048 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.556 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 2.482 acre-feet -- -- -- --

Total Detention Basin Volume = 3.087 acre-feet -- -- -- --

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

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 2̂ -- -- -- --

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

Surcharge Volume Width (W ISV) = 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 2̂ -- -- -- --

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

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 2̂ -- -- -- --

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

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

-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --

Optional User Override
1-hr Precipitation

WQCV not provided!

Volume 
(ft 3̂)

Volume 
(ac-ft)

Area 
(acre)

DETENTION BASIN STAGE‐STORAGE TABLE BUILDER

Optional 
Override 

Area (ft 2̂)
Length 

(ft)

Optional 
Override 
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area 
(ft 2̂)

Width 
(ft)

Winsome Filing 1 - Pond 3

Pond 3
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Example Zone Configuration (Retention Pond)
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1 User Defined Stage-Area Boolean for Message

1 Equal Stage-Area Inputs 1 Watershed L:W

1 CountA

0 Calc_S_TC

H_FLOOR

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

0.49 Zone 1 (User) 0.49 Zone 1 (User)

1.78 Zone 2 (EURV) 1.78 Zone 2 (EURV)

4.33 Zone 3 (100-year 4.33 Zone 3 (100-year)

DETENTION BASIN STAGE‐STORAGE TABLE BUILDER
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0.000

2.485

4.970

7.455

9.940

0.000

0.450

0.900

1.350

1.800

0.00 2.50 5.00 7.50 10.00

V
o
lu
m
e
 (
ac
‐f
t)

A
re
a 
(a
cr
e
s)

Stage  (ft.)

Area (acres) Volume (ac‐ft)

0

100

200

300

400

0

5

10

15

20

0.00 2.50 5.00 7.50 10.00

A
re
a 
(s
q
.f
t.
)

Le
n
gt
h
, 
W
id
th
 (
ft
.)

Stage  (ft)

Length (ft) Width (ft) Area (sq.ft.)

2021-11-10 UD-Detention Pond 3 - (Outlet) asbuilt, Basin 7/13/2022, 9:01 AM



  Project:

  Basin ID:

Stage (ft) Zone Volume (ac‐ft) Outlet Type

Zone 1 (User) 0.49 0.048 Orifice Plate

Zone 2 (EURV) 1.78 0.556 Rectangular Orifice

Zone 3 (100‐year) 4.33 2.482 Weir&Pipe (Circular)

3.087 Total

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 = 2.431E‐03 ft2

Depth at top of Zone using Orifice Plate = 0.25 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half‐Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 2.40 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 0.35 sq. inches (diameter = 5/8 inch) Elliptical Slot Area = N/A ft2

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 0.20

Orifice Area (sq. inches) 0.35 0.35

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

Zone 2 Rectangular Not Selected Zone 2 Rectangular Not Selected

Invert of Vertical Orifice = 0.25 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 0.06 N/A ft2

Depth at top of Zone using Vertical Orifice = 1.50 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = 0.04 N/A feet

Vertical Orifice Height = 1.00 N/A inches

Vertical Orifice Width = 8.00 inches

User Input:  Overflow Weir (Dropbox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir

Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 3.00 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 3.00 N/A feet

Overflow Weir Front Edge Length = 4.00 N/A feet Over Flow Weir Slope Length = 3.00 N/A feet

Overflow Weir Slope = 0.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100‐yr Orifice Area = 2.08 N/A should be > 4

Horiz. Length of Weir Sides = 3.00 N/A feet Overflow Grate Open Area w/o Debris = 10.20 N/A ft2

Overflow Grate Open Area % = 85% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 5.10 N/A ft
2

Debris Clogging % = 50% 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 Circular Not Selected Zone 3 Circular Not Selected

Depth to Invert of Outlet Pipe = 2.44 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 4.91 N/A ft
2

Circular Orifice Diameter = 30.00 N/A inches Outlet Orifice Centroid = 1.25 N/A 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= 6.20 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.80 feet

Spillway Crest Length = 51.00 feet Stage at Top of Freeboard = 8.00 feet

Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 1.64 acres

Freeboard above Max Water Surface = 1.00 feet

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) = 0.53 1.07 1.19 1.50 1.75 2.00 2.25 2.52 0.00

Calculated Runoff Volume (acre-ft) = 0.392 0.604 0.401 0.659 1.857 5.716 8.114 11.244 0.000

OPTIONAL Override Runoff Volume (acre-ft) = 0.014

Inflow Hydrograph Volume (acre-ft) = 0.014 0.604 0.401 0.659 1.858 5.715 8.114 11.247 #N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.01 0.02 0.14 0.47 0.66 0.89 0.00

Predevelopment Peak Q (cfs) = 0.0 0.0 0.8 1.6 13.7 47.8 66.2 90.3 0.0

Peak Inflow Q (cfs) = 0.2 6.6 4.4 7.2 20.0 60.3 84.9 116.5 #N/A

Peak Outflow Q (cfs) = 0.0 0.3 0.3 0.4 0.9 31.6 41.6 52.6 #N/A

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.2 0.1 0.7 0.6 0.6 #N/A

Structure Controlling Flow = Plate Vertical Orifice 1 Vertical Orifice 1 Vertical Orifice 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 #N/A

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.0 3.0 4.0 5.1 #N/A

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) = 40 31 33 32 60 54 50 47 #N/A

Time to Drain 99% of Inflow Volume (hours) = 43 54 53 55 66 61 59 57 #N/A

Maximum Ponding Depth (ft) = 0.22 1.68 1.36 1.75 3.05 4.12 4.96 6.15 #N/A

Area at Maximum Ponding Depth (acres) = 0.09 0.67 0.52 0.71 0.98 1.12 1.23 1.39 #N/A

Maximum Volume Stored (acre-ft) = 0.012 0.527 0.336 0.583 1.721 2.855 3.843 5.402 #N/A
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Winsome Filing 1 - Pond 3 (Water Quality Area)

Pond 3 (WQ Area Only)

Example Zone Configuration (Retention Pond)



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

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

Count_WQPlate = 1 0.14 eter = 7/16 inch)

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

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

Count_Weir1 = 1 0.29 meter = 5/8 inch) >5yr, <120hr #N/A 0

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

Count_OutletPipe1 = 1 0.42 meter = 3/4 inch) WQCV 22 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50 er = 13/16 inch) 2 Year 136 Slope 0.029

COUNTA_2 (Standard FSD Setup)= 1 0.58 meter = 7/8 inch) EURV 168 Shape 6.00

MaxPondDepth_Error? FALSE 0.67 er = 15/16 inch) 5 Year 175

Hidden Parameters & Calculations 0.76 ameter = 1 inch) 10 Year 306 Spillway Depth

0.86 = 1-1/16 inches) 25 Year 413 0.80

WQ Plate Flow at 100yr depth = 0.06 0.97 = 1-1/8 inches) 50 Year 497

CLOG #1= 43% 1.08 = 1-3/16 inches) 100 Year 616 1 Z1_Boolean

Cdw #1 = 1.15 1.20 = 1-1/4 inches) 500 Year #N/A 1 Z2_Boolean

Cdo #1 = 1.07 1.32 = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45 = 1-3/8 inches) 1 Opening Message

CLOG #2= #VALUE! 1.59 = 1-7/16 inches) Draintime Running

Cdw #2 = #VALUE! 1.73 = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

Cdo #2 = #VALUE! 1.88 = 1-9/16 inches) Vertical Orifice 1 1 1 2

Overflow Weir #2 Angle = #VALUE! 2.03 = 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 2 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.65 2.36 = 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 2 0 Freeboard

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

Count_User_Hydrographs #N/A 2.90 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09 eter = 2 inches) Button Visibility Boolean FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29 gular openings) 1 Button_Trigger

0 Underdrain

0 WQCV Plate

0 EURV-WQCV Plate

0 EURV-WQCV VertOrifice

0 Outlet 90% Qpeak
0 Outlet Undetained

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

minimum bound

maximum bound
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Outflow Hydrograph Workbook Filename:

Storm Inflow Hydrographs

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

SOURCE WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK #N/A

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]

7.62  min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

0:07:37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

Hydrograph 0:15:14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

Constant 0:22:52 0.01 0.29 0.20 0.32 0.86 2.42 3.24 4.18 #N/A

0.657 0:30:29 0.02 0.79 0.53 0.86 2.35 6.84 9.37 12.46 #N/A

0:38:06 0.05 2.02 1.35 2.20 6.04 17.57 24.07 32.03 #N/A

0:45:43 0.14 5.55 3.72 6.05 16.58 48.12 65.86 87.47 #N/A

0:53:20 0.16 6.58 4.39 7.18 20.00 60.34 84.88 116.48 #N/A

1:00:58 0.15 6.28 4.18 6.85 19.15 58.39 82.88 114.99 #N/A

1:08:35 0.14 5.72 3.81 6.24 17.43 53.32 75.94 105.77 #N/A

1:16:12 0.12 5.11 3.39 5.57 15.64 48.06 68.50 95.47 #N/A

1:23:49 0.10 4.41 2.92 4.81 13.59 42.14 60.22 84.15 #N/A

1:31:26 0.09 3.84 2.55 4.19 11.80 36.84 52.71 73.71 #N/A

1:39:04 0.08 3.48 2.31 3.80 10.70 33.17 47.32 65.96 #N/A

1:46:41 0.06 2.87 1.89 3.14 8.92 27.91 40.02 56.11 #N/A

1:54:18 0.05 2.34 1.54 2.56 7.35 23.17 33.27 46.70 #N/A

2:01:55 0.03 1.80 1.18 1.97 5.76 18.45 26.64 37.59 #N/A

2:09:32 0.02 1.34 0.87 1.47 4.38 14.31 20.75 29.39 #N/A

2:17:10 0.02 0.97 0.63 1.06 3.22 10.75 15.68 22.30 #N/A

2:24:47 0.02 0.75 0.49 0.82 2.45 8.02 11.63 16.45 #N/A

2:32:24 0.01 0.62 0.41 0.68 1.99 6.42 9.25 13.02 #N/A

2:40:01 0.01 0.53 0.35 0.58 1.68 5.39 7.76 10.89 #N/A

2:47:38 0.01 0.46 0.30 0.51 1.47 4.68 6.72 9.41 #N/A

2:55:16 0.01 0.42 0.27 0.46 1.32 4.18 5.99 8.38 #N/A

3:02:53 0.01 0.38 0.25 0.42 1.21 3.82 5.47 7.64 #N/A

3:10:30 0.01 0.28 0.19 0.31 0.89 2.88 4.17 5.90 #N/A

3:18:07 0.00 0.21 0.14 0.23 0.65 2.08 3.00 4.25 #N/A

3:25:44 0.00 0.15 0.10 0.17 0.48 1.54 2.23 3.16 #N/A

3:33:22 0.00 0.11 0.07 0.12 0.36 1.14 1.66 2.34 #N/A

3:40:59 0.00 0.08 0.05 0.09 0.26 0.84 1.22 1.73 #N/A

3:48:36 0.00 0.06 0.04 0.06 0.18 0.61 0.88 1.26 #N/A

3:56:13 0.00 0.04 0.03 0.04 0.13 0.44 0.64 0.91 #N/A

4:03:50 0.00 0.03 0.02 0.03 0.09 0.31 0.45 0.65 #N/A

4:11:28 0.00 0.02 0.01 0.02 0.06 0.20 0.30 0.43 #N/A

4:19:05 0.00 0.01 0.00 0.01 0.03 0.12 0.18 0.26 #N/A

4:26:42 0.00 0.00 0.00 0.00 0.01 0.06 0.09 0.13 #N/A

4:34:19 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.04 #N/A

4:41:56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:49:34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

4:57:11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:04:48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:12:25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:20:02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:27:40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:35:17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:42:54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:50:31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

5:58:08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:05:46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:13:23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:21:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:28:37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:36:14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:43:52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:51:29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

6:59:06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:06:43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:14:20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:21:58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:29:35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:37:12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:44:49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

7:52:26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

8:00:04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

8:07:41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

8:15:18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

8:22:55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

8:30:32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

8:38:10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

8:45:47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

8:53:24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

9:01:01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A

9:08:38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #N/A
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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
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