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Amendments to the 1996 Rainleader Disconnect Program  
These amendments will only be applied in situations where full disconnection of rainleaders cannot 
be reasonably achieved, as determined by City staff.  The maximum reimbursement will be 
determined through completion of the appropriate Urban Disconnect Calculator as provided by the 
City.  Examples of each Calculator are attached in Appendices A and B.  The calculations submitted 
via the Urban Disconnect Calculators will be subject to review and approval by City staff, and are 
for planning purposes only.  They do not take the place of design drawings nor do they take the 
place of any other review, permit or construction requirements.  The Calculators in Appendices A & 
B are for Infiltration Basins, Infiltration Trenches, Rain Gardens, Ponds, or Underground Storage 
BMPs.  Other types of BMPs must be specifically reviewed and approved by City staff.  An example 
calculation for a rain garden is provided in Appendix C. 
 
Under this amendment, the maximum reimbursement will be determined based on the rooftop area 
treated multiplied by the reimbursement rate.  The reimbursement rate will be calculated as defined 
in the 1996 RDP Policy, pro-rated based on the percent reduction in peak flows achieved by the 
BMP.  For example a sewer rate of $5.54/hcf equates to a reimbursement rate of $3.78/sf with full 
disconnection.  If the proposed BMP reduced peak flows by 75%, then the reimbursement rate 
would be reduced by 25% to $2.84/sf.  Thus a 1,000 sf roof would qualify for a maximum 
reimbursement of 1,000 sf x $2.84/sf = $2,840. 
 
Calculation Assumptions 
The City’s current CSO model is based on seven theoretical storm events that vary in duration and 
range from 0.055 inches to 2.81 inches per storm event, and are used to calculate the annual 
overflow volume as reported to the VADEQ.  These storm hyetographs are attached in Appendix 
D.  The Urban Disconnect Calculators incorporate these seven hyetographs as the basis for 
determining the maximum reimbursement.   
 
Runoff Assumptions: 

1. Tc  – Time of concentration, Tc, can be neglected.  The minimum Tc 
for normal design computations is 5 minutes.  The runoff from a 
roof is much more rapid than 5 minutes; therefore, it can be 
assumed that the concentration time would be instantaneous. 

2. SCS Curve Number –  The curve number for a roof is typically 98.  This number 
signifies the amount of water that will runoff from its original 
location.  To simplify the calculations, the SCS Curve Number 
was ignored and it is assumed that all runoff will enter the 
detention basin.  This provides for a slightly conservative runoff 
estimate. 

3. Hydrologic Time Interval - The supplied hyetographs from the City are in hour increments. 
When using software to calculate hydrographs, the hydrological 
time interval should be set to one minute intervals. 



 
4. Storm Distribution Type - The distribution type for these calculations are custom as 

provided by the Department of Environmental Quality (DEQ.) 
 
Detention Facility Assumptions: 

1. Infiltration Rate of Media – The infiltration rate will be based on the values stated in the 
Virginia Stormwater Management Handbook (VSMH), Table 
3.10-2.  Note that the natural soil should never be used within the 
mixture due to this region’s high clay content. 

 
2. Media Depth - For rain gardens, infiltration basins and infiltration trenches, the 

media depth shall be assumed to be the maximum depth of 30 
inches as stated by the VSMH pg. 3.11-13. 

 
3. Free Board - The maximum ponding depth above the media for rain gardens, 

infiltration basins or infiltration trenches with underdrains.  
Heavier rains that cannot be drained through the media will leave 
the site by some other means, such as a riser or flume. 

 
4. Media porosity - The media porosity shall be based on the type of soil selected for 

the BMP as per the Department of Agriculture Bulletin 462, or as 
determined by field testing. 

 
5. Inflow Locations - It is assumed that the runoff will be distributed evenly across the 

entire facility. 
 

6. Soil Field Capacity - The BMP media will be assumed to absorb water at a rate 
identical to the infiltration rate of the soil.  This is used to reflect 
that the media will hold a certain amount of runoff prior to 
releasing storm water. (Dept. of Agriculture Bulletin 462, 1960) 

 
 



 
 
 
 
 
 

 
 
Appendix A 
Urban Disconnect Calculator for Rain Gardens, Infiltration 
Basins, or Infiltration Trenches



 
 
 
 
 
 
Appendix B 
Urban Disconnect Calculator for Ponds or Underground 
Storage 



 
 
 
 
 
 
Appendix C 
Sample Calculation for a Rain Garden



An example of a rain garden facility is summarized below: 
 
Roof area to be disconnected:  8,500 sf 
Basin Dimensions:    10 ft x 30 ft 
Basin Area:    300 sf 
Basin Media Depth:   2.5 ft 
Underdrain:    30 lf – 4 in perforated pipe with 8 in No. 57 stone 
Free board:    1.0 ft to top of riser 
Media porosity:   30 percent 
Storage volume over media:  (300 sf x 1.0 ft) = 300 cf 
Storage volume in media:  (300 sf x 2.5 ft)(0.30) = 225 cf 
Infiltration rate:   2.0 in/hour (hr) 
Soil Field Capacity:   (2 in/ft)x(2.5 ft)x(300 sf)x(1 ft/12 in) = 125 cf 
 
Analysis of rain garden design 
 
1.  Check flow through media: 
(Infiltration rate)x(basin area)x(media porosity) = flow through media 
[(2 in/hr)/(12 ft/in)]x(300 ft2)x(0.30) = 15 cf/hr 
 
2.  Check flow into perforations in pipe: 
Use orifice equation 

2Q ca gh  

Q = flow rate, cfs 

c = slot constant (assumed to be 0.61) 
a = slot opening area, ft2 

g = acceleration due to gravity (32.2 ft/s2) 
h = head, ft 
Perforated pipe openings = 1.9 in2/ft 
Pipe length = 30 ft 
Opening area = (30 x 0.0132 ft2) = 0.396 ft2 

(0.61)(0.396) 2(32.2)(2.5)Q  =3.07 cfs = 11,034 cf/hr > 15 cf/hr 

 
3.  Check flow through 4 inch pipe using Manning’s equation: 
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Q   = 0.079 cfs = 285 cf/hr > 15 cf/hr 

 
The detention facility component that is the most restrictive to water flow is the sand/soil media 
mixture.  In smaller rain events the media will absorb the rainfall.  In this example, the media’s field 
capacity is 125 cf of water.  In larger rain events the media would not be able to handle the runoff in 
which case the storm would eventually reach the riser structure.  Flows that are smaller than 125 cf 
will not reach the underdrain or outfall. 
 
The results from the Urban Disconnect Calculator for this example are listed in Table 1 below. 
 

Table 1.  Results from the Urban Disconnect Calculator for a rain garden 

  
Storm A
 0.055 in

Storm B
0.172 in

Storm C
0.405 in

Storm D
0.702 in

Storm E 
1.027 in

Storm F 
1.586 in 

Storm G
2.81 in

Peak Flow, existing 
conditions, cf/hr 26.21 64.46 130.33 196.21 264.92 307.42 403.75

Peak Flow with Raingarden, 
cf/hr 0.00 0.50 15.00 15.00 91.96 214.21 402.92

Reduction, cf/hr 26.21 63.96 115.33 181.21 172.96 93.21 0.83 
Percent Reduction 100.0% 99.2% 88.5% 92.4% 65.3% 30.3% 0.2% 

Occurrence per Year, % 27.1% 20.6% 25.9% 11.3% 7.5% 4.9% 2.7% 
% Yearly Rainfall Volume 3.2% 7.6% 22.5% 17.1% 16.6% 16.7% 16.3%

Weighted Percentage 
Reduction 3.20% 7.54% 19.91% 15.79% 10.84% 5.06% 0.03%

Simple Average 
Percent Reduction 68% 

 

    

  

    

Weighted Average Percent 
Reduction 62% 

 

    

  

    

Simple Average Calculation

Weighted Average Calculation

 
 
 
 
 
 



Summary 
The simple average peak runoff for this site would be 68 percent; however, this average does not 
take into account the frequency of each type of storm event nor the total runoff volume for each 
storm throughout a year.  For example, Storm D will produce a total rainfall amount of 0.702 inches 
per storm event and Storm G will produce 2.81 inches per event.  If these storms only happened 
once per year, then a simple average would be logical.  Since this is not the case, and larger storms 
occur less frequently than smaller storms, the frequency of each storm must be taken into account 
when calculating the percent reduction.  A Weighted Average Percentage Reduction (WAPR) factor, 
as shown in the table above, should be used to calculate a site’s overall peak flow reduction rate for 
reimbursement.  Thus, the rain garden in the above example reduced peak flows an average of 62 
percent.  Thus, the maximum reimbursement would be 62 percent of $3.79/sf, or $2.35/sf.  Based 
on the rooftop area of 8,500 sf, the maximum reimbursement for the constructed rain garden would 
be $19,975. 



 
 
 
 
 
 
Appendix D 
CSO Design Storm Hyetographs 
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