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Chapter 12, Storage 

1. Detailed discussion on FSD (Took out 
everything else) 

2. Took out FAA Procedure. 
3. Added guidance for incorporating FSD 

within different WQ BMPs. 
 

 
 
 

 



Full Spectrum Detention 



New EURV Equations 



Extended Detention Basin 



Retention Pond 



Constructed Wetland Pond 

  



Sand Filter or Bioretention  



Other Configurations 

 



Other Configurations 
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Research (available at www.udfcd.org): 
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Basin Modeling 
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Inflow Hydrographs 
 

• 16,000 inflow hydrographs in a hidden 
library. 

• Program selects one for each of the 9 return 
periods based on expected runoff volume, a 
function of: 
• watershed area 
• imperviousness 
• NRCS hydrologic soil group 
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Inflow Hydrographs 
 

• After hydrographs are selected for each of 
the 9 return periods, they are adjusted in 
magnitude and length based on expected 
peak runoff runoff rate, a function of: 

 
• watershed shape factor (L2/A) 
• watershed slope 
• At each time step, QADJ = Q(Adj. Factor) 
• At each time step, ΔtADJ = Δt / (Adj. Factor) 

 
• Hydrograph volume is conserved. 
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Hydrologic Routing Methods 
• Kinematic Wave 
• Dynamic Wave 
• Muskingum 
• Muskingum – Cunge 
• Modified Puls 

• aka Level-Pool or Storage-Indicator 
Method 

• Ideal for Reservoir Routing 
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Modified Puls Routing Method 
 

Continuity Equation: 
 
 
 
Finite difference form of Continuity Equation: 
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Modified Puls Routing Method 
 

Algebraic transformation of finite difference 
form of Continuity Equation: 
 
 

 
 
In this form, all variables on the left-hand side 
are known at a given time. 



UD-Detention can analyze… 

• Bioretention Basins  
• Sand Filter Basins 
• Basins in series 
• EDBs/Constructed Wetlands/Retention Ponds 

 (WQCV only) 
• EDBs/Constructed Wetlands/Retention Ponds  
 (2-Stage Design) 
• EDBs/Constructed Wetlands/Retention Ponds  
 (FSD) 
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Examples 

• FSD Extended Detention Basin 
• Sand Filter with WQCV, 5-year and 100-year 

control 
• Bioretention WQCV only basin with 

downstream FSD basin (basins in series) 
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• FSD Extended Detention Basin 

 

 

 



 

 



 

 
• Sand Filter with WQCV, 5-year and 

100-year control 

 



 

 

 



 

 
• Bioretention WQCV only basin with 

downstream FSD basin (basins in 
series) 



 

 

 

 

 



 

 

 

Open new workbook… 

 

 



 

(Drain EURV-WQCV in 12 hours) 
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