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a new tool to size and design full spectrum detention basins 
 
presented by Ken MacKenzie & Myles Gardner 
Urban Drainage and Flood Control District 

A
p

ri
l 1

6
, 2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

e
ar

n
 



1 

Acknowledgements: 
Programmers 

Myles Garner, EI, UDFCD 

Derek Rapp, PE, CFM, Peak Stormwater LLC 

Jason Stawski, EI, UDFCD 

Ryan Taylor, EI, UDFCD 

 

 

A
p

ri
l 1

6
, 2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

e
ar

n
 

Reviewers 

Tracy Bolger, PE, Muller Engineering Company 

James Guo, PhD, PE, University of Colorado 

Ben Urbonas, PE, Urban Watersheds Research Institute 

Jim Wulliman, PE, Muller Engineering Company 

 

 



2 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



3 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



4 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



5 

A
p

ri
l 1

6
,2

0
1

4
 

EWRI 2007 World Water Congress, keynote presentation session of the  
4th Urban Watershed Management Symposium 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



6 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



7 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



8 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



9 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



10 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



11 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



12 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



13 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



14 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



15 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



16 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



17 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



18 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



19 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 

Basic Detention Basin Model 
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Purpose: This workbook aids in the estimation of Full Spectrum Detention (FSD) basin sizing and routing based on the modified puls

routing method for urban watersheds.

Function: 1.  Estimates the basin size and outlet configuration based on watershed parameters.  The workbook first calculates the 

     excess urban runoff volume (EURV), a function of watershed area, imperviousness, and soil type; and then uses that 

     volume as the basis for sizing a detention basin that provides water quality improvement and flood mitigation.

2.  Evaluates existing basins and (where desired) will determine outlet modifications for retrofits;  

3.  Sizes outlet orifices, weirs, and trash racks and develops stage-area, stage-storage, and stage-discharge relationships.

 

4.  Routes a series of hydrographs (i.e., 2-, 5-, 10-, 25-, 50-, and 100-year) and calibrates the peak discharge out of the 

     FSD basin to match the pre-development peak discharges for the watershed.    

www.udfcd.org

UD-FSD (Version 1.04, March 2014)

Urban Drainage and Flood Control District
Denver, Colorado

Full Spectrum Detention Using Modified Puls Routing

View Release History
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Bolger & Wulliman determined that in order to restore the peak flow rate to 
pre-developed levels in a large watershed, each subcatchment must release 
at no more than 90% of its pre-developed peak flow rate. 



25 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 



26 

A
p

ri
l 1

6
,2

0
1

4
 

C
A

SF
M

 L
u

n
ch

 &
 L

ea
rn

 

Initial Design for Full Spectrum Detention Basins
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UD-FSD One-Hour Rainfall Choices: 
 

1. UDFCD Default  
2. Aurora - Town Center at Aurora 
3. Aurora Reservoir 
4. Boulder - University of Colorado 
5. Brighton - Brighton City Hall 
6. Broomfield - Broomfield City Manager 
7. Commerce City 
8. D.I.A. 
9. Denver - Capitol Hill 
10. Eldorado Springs 
11. Front Range Airport 
12. Golden - School of Mines 
13. Greenwood Village - Greenwood Village City Hall 
14. Highlands Ranch - Highlands Ranch Mansion 
15. Ken Caryl - Chatfield High School 
16. Lakewood - Lakewood Cultural Center 
17. Littleton - Arapahoe Community College 
18. Morrison - Red Rocks Amphitheater 
19. Parker - Parker Town Court 
20. Roxborough Park 
21. Sedalia 
22. Thornton - Thornton City Office 
23. Westminster - Westminster City Hall 
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Initial Design for Full Spectrum Detention Basins
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Initial Design for Full Spectrum Detention Basins
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Initial Design for Full Spectrum Detention Basins

Routed Hydrograph Results For 2:1 L:W Rectangular Basin with 0.01 ft/ft Slope Trickle Channel

Design Storm Return Period WQCV 2 Year EURV 5 Year

One-Hour Rainfall Depth 0.53 0.95 1.07 1.34 in

Calculated Runoff Volume 1.926 3.092 4.114 6.041 acre-ft

OPTIONAL Override Runoff Volume acre-ft

Inflow Hydrograph Volume 1.926 3.091 4.113 6.039 acre-ft

Historic Peak Flow Rate Per Acre (q) 0.00 0.01 0.07 0.33 cfs/acre

Historic Peak Q 0.0 1.3 7.1 33.0 cfs

Peak Inflow Q 42.6 68.8 91.8 135.1 cfs

Peak Outflow Q 0.9 1.2 1.3 19.0 cfs

Ratio Peak Outflow to Historic Q N/A N/A N/A 0.6 Ratio

Structure Controlling Flow WQ Plate WQ Plate WQ Plate Grate

Max Velocity through Grate N/A N/A N/A 0.3 fps

Time to Drain Detention Basin 40 53 63 66 hours

Maximum Ponding Depth 3.49 4.24 4.88 5.55 ft

Maximum Volume Stored 1.798 2.925 3.922 5.021 ac-ft
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Initial Design for Full Spectrum Detention Basins

Routed Hydrograph Results For 2:1 L:W Rectangular Basin with 0.01 ft/ft Slope Trickle Channel

Design Storm Return Period 10 Year 25 Year 50 Year 100 Year

One-Hour Rainfall Depth 1.64 2.02 2.32 2.61 in

Calculated Runoff Volume 8.475 12.197 14.777 17.670 acre-ft

OPTIONAL Override Runoff Volume acre-ft

Inflow Hydrograph Volume 8.474 12.196 14.775 17.665 acre-ft

Historic Peak Flow Rate Per Acre (q) 0.57 0.88 1.13 1.36 cfs/acre

Historic Peak Q 57.4 88.2 112.6 136.1 cfs

Peak Inflow Q 189.6 272.2 329.1 392.5 cfs

Peak Outflow Q 54.2 111.4 116.3 122.7 cfs

Ratio Peak Outflow to Historic Q 0.9 1.3 1.0 0.9 Ratio

Structure Controlling Flow Grate 100yr Outlet 100yr Outlet 100yr Outlet

Max Velocity through Grate 0.9 1.8 1.9 2.0 fps

Time to Drain Detention Basin 66 67 67 67 hours

Maximum Ponding Depth 6.09 6.73 7.42 8.37 ft

Maximum Volume Stored 5.939 7.075 8.332 10.160 ac-ft
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Initial Design for Full Spectrum Detention Basins
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Initial Design for Full Spectrum Detention Basins
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Initial Design for Full Spectrum Detention Basins
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