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Appendix 2

Preliminary Future Water Demand Calculations
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Option A2

Planned:

29.17 acres Residential (1,155 DU, 1,100 sf per DU) 

12.41 acres Commercial / Retail, and 

3.37 acres of Parks 

Given:

City of Sacramento average water demand by land use: 

Residential — High Density: QAvg =  4 (acre-feet/acre-yr) 

Neighborhood Commercial (Retail): QAvg = 3 acre-feet/acre-yr 

Parks and Recreation1 : QAvg = 4.2 acre-feet/acre-yr 

Fire flow demand shall be 3,000 (gallons per minute) gpm in areas with 

commercial land use. 

Find:  Average day demand. 

The average day demand based on the above numbers calculates to: 

QAvg = 4 acre-feet/acre-yr x 29.17 acres =   116.7 acre-feet/year 

 + 3 acre-feet/acre-yr x 12.41 acres =    37.2 acre-feet/year 

 + 4.2 acre-feet/acre-yr x 3.37 acres =   14.2 acre-feet/year

     = 168.1 acre-feet/year 

  = 168.1 x 1/365 x 325,853 gal/acre-feet =  150,071 gpd 

QMax is calculated by multiplying QAvg by 1.82.

QMax = 150,071 gpd x 1.8 =  270,128 gpd (= 11,255 gph) 

QPeak is calculated by multiplying QMax by 1.3.

QPeak = 11,255 gph x 1.3 =  14,632 gallons per hour (gph) 

2 Water District Master Plan, October 1996, Black & Veatch
2 Water District Master Plan, October 1996, Black & Veatch 
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QMax plus fire flow equals: 

270,128 / 24 / 60 + 3,000 =  3,188 gpm.   

Option B 

Planned:

25.25 acres Residential (1,000 DU, 1,100 sf per DU) 

5.58 acres Commercial, and 

9.74 acres of Parks 

Given:

City of Sacramento average water demand by land use: 

Residential — High Density: QAvg =  4 (acre-feet/acre-yr) 

Neighborhood Commercial (Retail): QAvg = 3 acre-feet/acre-yr 

Parks and Recreation1 : QAvg = 4.2 acre-feet/acre-yr 

Fire flow demand shall be 3,000 (gallons per minute) gpm in areas with 

commercial land use. 

Find:  Average day demand. 

QAvg = 4 acre-feet/acre-yr x 25.25 acres =   101.0 acre-feet/year 

 + 3 acre-feet/acre-yr x 5.58 acres =    16.7 acre-feet/year 

 + 4.2 acre-feet/acre-yr x 9.74 acres =   40.9 acre-feet/year

     = 158.6acre-feet/year 

  = 158.6 x 1/365 x 325,853 gal/acre-feet =  141,590 gpd 

QMax is calculated by multiplying QAvg by 1.82.

QMax = 141,590 gpd x 1.8 =  254,862 gpd (=10,619 gph) 

1 Estimate of Ultimate Annual Water Use , Boyle Engineering, 1991 
2 Water District Master Plan, October 1996, Black & Veatch 
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Appendix 3

Preliminary Future Storm Drain System Calculations
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Option A2 

Planned:

29.17 acres Residential (1,155 DU, 1,100 sf per DU) 

12.41 acres Commercial / Retail, and 

3.37 acres of Parks 

Given:

The percent impervious is calculated as the area weighted value using 80% 

impervious for high density residential, 95% for parking/roadway, 90% for 

commercial, and 5% impervious for parks1.

Find:  10-yr and 100-yr storm event flow rate and require pipe size. 

Qpeak = kAn

In which 

Q = peak flow in cfs 

A = cumulative drainage area at a computational node 

point in acres 

k = coefficient which is a function of percent impervious 

and given in Table 11.31(a) 

n = exponent which is a function of percent impervious 

given in Table 11.31(a) 

Using the given values, the weighted value for percent impervious calculates to 

approximately 80%.  The following preliminary calculations estimate the expected 

peak flows once the project area has been developed.  The portion of the project 

area that will be connected to a storm drain has an area of approximately 29.27 

acres.  Assuming that 80% of this area is impervious, the peak flow for the 10-year 

storm event calculates to 

Qpeak = 2.04 x 29.27 0.819 = 32 cfs

while the 100-year storm event calculates to 

1 Table 5-3 Sacramento City/County Drainage Manual, Volume 2 
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Qpeak = 3.15 x 29.27 0.798 = 47 cfs 

The minimum design velocity inside the storm drain pipes shall be two (2) feet per 

second (fps) while the maximum velocity shall not exceed 10 fps1.  Storm drain lines 

not subject to surcharge (hydraulic grade line at or below top of pipe) shall be sized 

assuming the pipe is flowing at a depth of 0.8 the diameter (80% full).  This means 

that the water depth in a 30-inch diameter pipe flowing at 80% is approximately 24 

inches.  Considering a minimum slope of 1 percent the maximum flow at 80% full in 

a new 30-inch PVC pipe would be approximately 52 cfs.  The velocity would be 

approximately 12 fps.

Option B

Planned:

25.25 acres Residential (1,000 DU, 1,100 sf per DU) 

5.58 acres Commercial, and 

9.74 acres of Parks 

Given:

The percent impervious is calculated as the area weighted value using 80% 

impervious for high density residential, 95% for parking/roadway, 90% for 

commercial, and 5% impervious for parks2.

Find: 10-yr and 100-yr storm event flow rate and require pipe size. 

Qpeak = kAn

In which 

Q = peak flow in cfs 

A = cumulative drainage area at a computational node 

point in acres 

1 Section 11, Drainage Design Standards 
2 Table 5-3 Sacramento City/County Drainage Manual, Volume 2 
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k = coefficient which is a function of percent impervious 

and given in Table 11.31(a) 

n = exponent which is a function of percent impervious 

given in Table 11.31(a) 

The percent impervious is calculated as the area weighted value using 80% 

impervious for high density residential, 95% impervious for roadway/parking, 90% 

impervious for commercial, and 5% impervious for parks1.  Using these values, the 

weighted value for percent impervious calculates to approximately 60%.  The 

following preliminary calculations should give an idea about the expected peak 

flows once the project area has been developed.  The portion of the project area 

that will be connected to a storm drain has an area of approximately 29.27 acres.

Assuming that 60% of this area is impervious, the peak flow for the 10-year storm 

event calculates to: 

Qpeak = 1.9 x 29.27 0.813 = 30 cfs  

while the 100-year storm event calculates to 

Qpeak = 2.86 x 29.27 0.797 = 42 cfs 

The minimum design velocity inside the storm drain pipes shall be two (2) feet per 

second (fps) while the maximum velocity shall not exceed 10 fps2.  Storm drain lines 

not subject to surcharge (hydraulic grade line t or below top of pipe) shall be sized 

assuming the pipe is flowing at a depth of 0.8 the diameter (80% full).  This means 

that the water depth in a 30-inch diameter pipe flowing at 80% is approximately 24 

inches.  Considering a minimum slope of 1 percent the maximum flow at 80% full in 

a new 30-inch PVC pipe would be 52.1 cfs.  The velocity would be 12.38 fps.   

1 Table 5-3 Sacramento City/County Drainage Manual, Volume 2 
2 Section 11, Drainage Design Standards 
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