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DISCUSSION 
 
The purpose of this drainage study is to determine the drainage facility requirements for 
Tentative Tract 20348 in County of San Bernardino.   
 
The proposed project is a subdivision of 60 detached condominium units on one lot, on three 
existing parcels, comprised of vacant land and a mobile home community on a 4.1 acre 
property at 5611, 5639 and 5681 Mission Boulevard, on the south side between Vernon 
Avenue and Benson Avenue.    A condominium project is under development on the west 
side, with single-family residences to the south, Benson Avenue to the east, and light 
industrial across Mission to the north. 
 
In addition to the residential buildings, the condo site will be comprised of drives, parking, a 
private park with tot lot, and paseos throughout.  There will be one DA  (DA 1),  179,162 sf, 
with 45,000 sf pervious and 101,314 sf impervious (66,250 sf buildings, 35,064 sf 
pavement, sidewalks and driveways).   
 
All runoff drains to Benson Avenue via surface flows.  Condominium unit runoff will be 
collected via area drains inlets and pipes and conveyed to an underground perforated pipe 
infiltration system.  Discharge in excess of the water quality volume will surface drain out to 
Benson Avenue to the southeast.   
 
The 100-year storm event was modeled in the rational method hydrology calculations in this 
study.  The developed condition does not exceed the existing condition due to the partially 
developed nature of the existing property, and because proposed runoff will be lengthened 
and flattened, increasing the time of concentration. 
 
The rational method hydrologic model, as defined by Flood Control for San Bernardino 
County, was followed in the determination of storm runoff.    
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Rational Method Hydrology Calculations

SWC Mission/benson Date: 4/11/2020

100 -year storm runoff

Antecedent Moisture Condition Used: AMC III

1-hour point rainfall from Isohyet Map is 1.51 inches per hour.

Slope of Intensity-Duration Curve is 0.6.

0.1 To 0.2 Initial flow through Subarea
Initial Flow through Subarea 1
Upstream Elevation at Node 0.1 is 43 ft.
Downstream Elevation at Node 0.2 is 39 ft.
Flow length is 297 ft.
Land Use Soil Type Area (AC)
grass poor A 2.4
mobile home park A 1.7
Time of Concentration = Tc = K * (length^3 / Delta_EL)^0.2 = 0.525 * (297^3 / 4)^0.2 = 12.117 minutes.
Rainfall Intensity = e^(-Slope*Log(desT)+Log(refI)+Slope*Log(refT)) 
                   = e^(-0.6*Log(12.117)+Log(1.51)+0.6*Log(60)) = 3.943 in/hr.
Peak Runoff = 0.9*(I-Ap*Fp)*Area = 0.9*(3.943 - 0.78 * 0.4) * 4.1 = 13.39 cfs.

Peak Flow (cfs): 13.39 TC (min): 12.12
1 To 1.1 Initial flow through Subarea

Initial Flow through Subarea 3
Upstream Elevation at Node 1 is 42 ft.
Downstream Elevation at Node 1.1 is 40.5 ft.
Flow length is 507 ft.
Land Use Soil Type Area (AC)
condominiums A 1.2
Time of Concentration = Tc = K * (length^3 / Delta_EL)^0.2 = 0.3592 * (507^3 / 1.5)^0.2 = 13.903 minutes.
Rainfall Intensity = e^(-Slope*Log(desT)+Log(refI)+Slope*Log(refT)) 
                   = e^(-0.6*Log(13.903)+Log(1.51)+0.6*Log(60)) = 3.631 in/hr.
Peak Runoff = 0.9*(I-Ap*Fp)*Area = 0.9*(3.631 - 0.35 * 0.74) * 1.2 = 3.64 cfs.

Peak Flow (cfs): 3.64 TC (min): 13.9
1.1 To 1.1 Catch Basin Flow Interception

Sump Catch Basin Sizing Calculation at Node 1.1.
User-Defined Sump Depth at Catch Basin = 0.2.
Sump Depth Exceeds 1.4 x Opening Height: using Orifice Formula:
Q = C*(OpeningHt*Length)*Sqrt(2*G*H), 3.64 = 0.6 * (0 * Length) * SQRT( 2 * 32.2 * 0.2 ).
Partial Flow Interception in 4 ft. inlet is 0 cfs.
Catch Basin Length = 4 ft.

Peak Flow (cfs): 3.64 TC (min): 13.9
1.1 To 1.2 Pipe flow through Subarea
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Rational Method Hydrology Calculations

Pipe Flow From Node 1.1 to Node 1.2.
Upstream Elevation at Node 1.1 is 35 ft. Downstream Elevation at Node 1.2 is 34 ft.
Flow length is 146 ft.
Average Pipe Slope =  (35 - 34 ) / 146 = 0.007 ft/ft.
Pipe Diameter = ((Q * N) / (1.486 * So ^ 0.5 * 0.31169))^(3/8)
                      = ((3.64 * 0.01) / (1.486 * 0.007^0.5 * 0.31169))^(3/8) = 1.5 ft.
Flow Depth, Iterate: Q = (1.486 / N) * Area * (Area / WetPer) ^ (2 / 3) * s ^ 0.5
      Try: 0.59 ft., Flow Area = Dia ^ 2 / 8 * (Angle - Sin(Angle)), 
      where Angle = 2 * Acos(1 - 2 * Depth / Dia) = 2 * Acos(1 - 2 * 0.59 / 1.5) = 2.71
      Flow Area = 1.5 ^ 2 / 8 * ( 2.71 - Sin( 2.71 )) = 0.65 sf.
Pipe Velocity = Q / Area = 3.64 / 0.65 = 5.64 ft/sec.
Pipe Travel Time = Length / Velocity = 146 / 5.64 = 25.89 sec., Mainstream TC = 14.33 minutes.

Peak Flow (cfs): 3.64 TC (min): 14.33
1.2 To 1.2 Add Subarea at Node

Add Flow from Subarea 4
Land Use Soil Type Area (AC)
condominiums A 2.9
At Node 1.2: Time of Concentration = 14.33 minutes, Rainfall Intensity = 3.565 in/hr.
Subarea Peak Runoff = 0.9*(I-Ap*Fp)*Area = 0.9*(3.565 - 0.35 * 0.74) * 2.9 = 8.62 cfs.
Area-Averaged Ap = 0.35, Area-Averaged Fp = 0.74 in/hr, Total Area = 4.1 ac, Effective Area = 4.1 ac
Total Peak Runoff = 0.9*(I-Ap*Fp)*Area = 0.9*(3.565 - 0.35 * 0.74) * 4.1 = 12.18 cfs.

Peak Flow (cfs): 12.18 TC (min): 14.33
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