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Introduction 
The development of projected water demands is a high priority for the City of Antioch (City). For this reason, 
Brown and Caldwell (BC) prioritized results of the Water System Master Plan (WSMP) Update water demand 
analysis and projected demands in a separate document from the 2020 WSMP. This technical 
memorandum (TM) presents estimates of future water use based on existing and historical water use and 
land-use projections for future developments and infill. The WSMP Update will use projected water 
requirements presented in this TM for average day demand (ADD), maximum day demand (MDD), and peak-
hour demand as design requirements for planning the City’s future water facilities and distribution system 
needs.  

Section 1: Existing Water Demands 
The following sections summarize the City’s historical water use and water demand by land use type and 
pressure zone. 

1.1 Historical Water Use 
Table 1 summarizes the City’s historic water use trends and MDD to average ADD ratios. Figure 1 provides a 
graphical representation of the data and indicates several peaks in demand since 1975.  

 
Table 1. Historical Water Production 

Year 
ADD MDD 

MDD/ADD Ratio mgd AFY mgd 
1975 6.87 7,695 13.74 2.00 

1976 5.98 6,698 12.43 2.08 

1977 3.07 3,439 6.18 2.01 

1978 4.93 5,522 9.13 1.85 

1979 5.68 6,362 10.22 1.80 

1980 5.86 6,564 10.44 1.78 

1981 7.23 8,099 12.71 1.76 

1982 6.64 7,438 11.62 1.75 

1983 6.98 7,819 12.8 1.83 

1984 8 8,961 14.02 1.75 

1985 8.43 9,443 14.68 1.74 

1986 9.05 10,137 15.01 1.66 

1987 9.85 11,033 16.26 1.65 

1988a 9.95 11,145 16.5 1.66 

1989a 10.12 11,336 17.98 1.78 

1990a 11.6 12,994 19.16 1.65 

1991a 9.32 10,440 14.39 1.54 

1992a 10.75 12,042 16.98 1.58 

1993a 11.58 12,971 19.17 1.66 
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Table 1. Historical Water Production 

Year 
ADD MDD 

MDD/ADD Ratio mgd AFY mgd 
1994a 12.81 14,349 21.48 1.68 

1995a 12.93 14,483 22.24 1.72 

1996a 14.27 15,984 24.29 1.70 

1997a 15.11 16,925 25.32 1.68 

1998a 13.64 15,279 25.94 1.90a 

1999a 15.81 17,709 27.4 1.73 

2000a 16.15 18,090 26.24 1.62 

2001a 17.41 19,502 28.27 1.62 

2002a 17.92 20,073 29.63 1.65 

2003a 17.52 19,625 29.39 1.68 

2004a 18.56 20,790 28.35 1.53 

2005a 18.25 20,443 30.71 1.68 

2006a 17.5 19,603 32.47 1.86 

2007a 19.08 21,372 31.14 1.63 

2008a 18.12 20,297 28.86 1.50 

2009a 16.19 18,135 27.01 1.67 

2010a 15.35 17,194 26.5 1.73 

2011a 15.5 17,362 25.88 1.67 

2012a 15.98 17,900 26.13 1.64 

2013b 16.60 18,595 27.01 1.63 

2014b 14.53 16,279 23.02 1.58 

2015b 12.03 13,474 17.97 1.49 

2016b 12.18 13,639 19.82 1.63 

2017b 12.93 14,486 21.09 1.63 

2018b 13.19 14,779 24.89 1.89 

2019b, c 12.03 13,478 19.57 1.63 

a. Data is from Table 3-1 of the 2013 WSMP. 
b. BC received water production data from City Staff in October 2019. 
c. 2019 totals include data from January to July. 
AFY = acre-feet per year 
mgd = million gallons per day 
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Figure 1. Historic water production 

 

In general, average day use steadily increased after the severe drought of 1976 to 1977. With several 
exceptions, demands declined in the early 1990s due to a drought, in 1998 likely due to the heavy El Niño 
rainfall, from 2008 to 2012 potentially due to reduced spending during the economic recession, and from 
2013 to 2016 due to voluntary water conservation during the drought period.  

Although economic conditions and drought conditions have improved since the 2014 WSMP, water use has 
not returned to pre-drought levels. Water conservation during drought periods has resulted in some 
permanent changes in customer’s water usage patterns.  

The ratio of MDD to ADD has decreased and generally has remained between 1.5 and 2.0, with an average 
of 1.7 since the mid-1980s. Post-drought and post-recession, peaking factors have decreased, with an 
average of 1.6. Data review for this TM indicates that this peaking factor is representative of current system 
conditions; therefore, BC has used it for hydraulic analyses and facility sizing completed as part of the 2020 
WSMP.  

1.2 Current System Consumption 
The City water system currently serves approximately 35,000 customers (connections). The system is 
responsible for delivering treated water to residential, commercial, senior housing, and other land uses. 
Table 2 summarizes billing data for the existing (2018) system by land use type. As evident in Table 2, the 
City’s predominant land use and water users are residential customers.  
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Table 2. Existing Water Consumption by Land Use 

Land Use Type 
2018 Consumptiona 

mgd AFY 

Single-Family Residential 8.00 8,958 

Multi-Family Residential 1.22 1,367 

Senior 0.16 176 

Commercial 0.81 903 

Institutional 0.16 179 

Industrial 0.23 254 

Auxiliary Building 0.0004 0 

Total 10.57 11,838 

a. Water consumption billing data received from City staff in October 2019. 
b. This table does not include water losses. 

 

Figure 2 presents a schematic representation of the six major pressure zones and five smaller pressure 
zones within the City. The City established these pressure zones based on the water storage tanks locations, 
water service elevations, and booster pump station capacities and head. Different booster pump stations 
and water storage tanks serve each pressure zone. Zones I, II, III East and IV East have the largest demands 
and account for approximately 90 percent of system demands. The 2020 WSMP report will include a 
detailed overview of the pressure zone boundaries and the service elevations.  
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1.3 System Water Losses 
The difference between the volume of treated water produced and metered water consumption is called 
water loss, also known as non-revenue water and historically known as “unaccounted for water.” Such 
apparent losses are always present in a water system due to pipe leaks, unauthorized connections or use, 
faulty meters, unmetered services such as fire protection and training, and system and street flushing. Table 
3 summarizes water system losses from fiscal years 2017 through 2019 (July 2016 through June 2019) as 
provided by City staff. The average system loss in the last three years was 4 percent. This percentage is very 
low compared to other California utilities that typically have 5 percent to more than 20 percent system 
losses or unaccounted for water. This lower percentage likely reflects water meter addition for parks, 
medians, and school sites; regular meter maintenance; the relatively large portion of the system served by 
more modern facilities with stringent construction standards applied to new facilities; and ongoing 
replacement of deteriorated older pipes.  

The water loss data provided by the City includes significantly less water loss than the calculated values 
determined from the difference in treated water production and billing consumption data. Based on 
discussions with the City, the production meters had not been recently calibrated, and were not accurately 
reporting production data. The City provided water loss data presented in Table 3 are more accurate than 
the calculated water loss values based on treated water production data and water metered consumption 
data and will be used for demand projection development. 

 
Table 3. Historical System Losses 

Fiscal Year 
Water Lossa 

mgd 
Total Production 

mgd 

System Losses, 
Percent of Annual Water 

Production 

2017 1.1 12.57 9% 

2018 0.43 13.09 3% 

2019 (January to July) 0.17 12.90 1% 

Average  0.6 12.85 4% 

a. Water loss data from City staff provided in October and November 2019. City staff reported 
that the production meters are not calibrated, resulting in errors with water loss estimates 
calculated from billing data. 

 

The City’s maintenance staff actively pursues and repairs leaks. The year-to-year differences may be due in 
part to a difference in time periods between production data and meter readings. The City measures water 
production daily and measures and bills water use monthly through meter readings, e.g., water consumed in 
December is billed in January. 

1.4 Existing Water Demands 
Table 4 presents a summary of the existing ADD demand by pressure zone. This table includes a 2 percent 
estimated water loss for 2018. As the City determines water loss on a fiscal year basis, 2018 calendar data 
was unavailable. 2018 calendar year water loss is estimated to be the average water loss from fiscal years 
2018 and 2019, shown in Table 3. 
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Table 4. Existing Water Demand by Pressure Zone 

Pressure Zone 
2018 Demanda 

mgd AFY 

Zone I 1.30 1,461 

Zone II  3.38 3,782 

Zone IIA 0.20 221 

Zone IIB 0.06 71 

Zone IIC 0.08 94 

Zone III East 3.64 4,073 

Zone III West 0.45 501 

Zone IV East 1.14 1,282 

Zone IV West 0.24 271 

Zone Bear Ridge 0.02 23 

Zone Sunset 0.03 29 

Zone County Fairgrounds 0.03 30 

Subtotal 10.57 11,838 

Water lossb 0.21 237 

Total 10.78 12,074 

a. Water billing data received from City staff in October 2019. 
b. Water loss is 2% of the total 2018 water demand. As the City determines 

water loss on a fiscal year basis, 2018 calendar data was unavailable. 
2018 calendar year water loss is estimated to be the average water loss 
from fiscal years 2018 and 2019, shown in Table 4. 

Section 2:  Future Demand Development 
The following sections present the evaluation of the City’s future demand projections. Future planned 
developments and water conservation efforts combined with unit water demand factors (UWDF) form the 
basis for estimating future demands. 

2.1 Future Planned Developments 
The City has provided data on future planned developments, including land use type and the number of 
proposed residential units. The proposed developments include commercial and industrial development; 
inclusion of these projects in demand projections will result in more accurate future demands. City staff to 
identified planned projects and their implementation timeframes. Documents were reviewed that summarize 
the approved and pending future development projects. These documents were used to determine future 
land use quantities. Attachment A includes these documents for reference. For purposes of this 2020 
WSMP, it is assumed that all developments will occur by 2040, and that development growth will occur 
linearly. Table 5 summarizes proposed developments and respective land use quantities estimated to be 
developed by 2040. Figure 3 presents the locations of the proposed developments.  
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Table 5. Projected Land Use Quantities by Proposed Developments 

Development/Land Use 
Pressure 

Zone 
Single-family 

DU 
Multi-family 

DU 

Senior 
Housing 

DU 
Storage 

acre 

Business 
Park 
acre 

Commercial 
acre 

School/ 
Church 

acre 
Cannabis 

acre 

Public/ 
Institutional 

acre 

Oil/Gas 
Drilling 

acre 

Element 7 1        1.13   

Acorn Business Park 2    5.44 10.52 13.79     

Vineyard Self Storage 2    6.68       

One Plant 2        2.78   

Alluvium, Inc. 2        1.15   

Delta Fair Village Commercial Building 2      210     

Buchanan Crossings Shops Building E 2      13.50     

Baby Yale Academy (School/church) 2       1.75    

Almond Knolls 2  58         

Windsor Manufactured Home Community  2   31        

USA Trucking Yard 2      6.23     

Wildflower Station  2 22 98         

Contra Costa Farms, LLC 2        8.97   

Oakley Knolls 2 28          

AMCAL Apartments (affordable 
apartments) 2  394         

Golden Bow Estates 2 12          

Windsor at Shaddick 2 3          

Delta Courtyard Apartments 2C  126         

Deer Valley Business Park (office buildings) 3 East     1.06      

Nelson Ranch  3 East 244          

Laurel Ranch  3 East 180          

Park Ridge 3 East 525          

Ducky's Car Wash  3 East      1.30     

Albers Ranch  3 East 301          
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Table 5. Projected Land Use Quantities by Proposed Developments 

Development/Land Use 
Pressure 

Zone 
Single-family 

DU 
Multi-family 

DU 

Senior 
Housing 

DU 
Storage 

acre 

Business 
Park 
acre 

Commercial 
acre 

School/ 
Church 

acre 
Cannabis 

acre 

Public/ 
Institutional 

acre 

Oil/Gas 
Drilling 

acre 

Quail Cove 3 East 30          

Heidorn Village 3 East 117          

Vineyards at Sand Creek  3 East 640          

Ginochio Oil and Gas Drilling a 3 East          158 

Aviano Farms 3 East 533          

K. Hovnanian Homes 3 East 100          

Acorn Business Park 3 East 121          

Sorrento Village 3 West 93          

The Ranch  4 East 1,100     1.24   3.5  

Black Diamond Ranch 4 West 9          

Totals 4,058 676 31 12.12 11.58 246.06 1.75 14.03 3.5 158 

a. Per the County Department of Conservation and Development, County Zoning Administrator for Ginochio 3 Oil and Gas Wells, the proposed wells have no potential for increasing the water 
demand at the site. 

DU = dwelling unit 
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2.2 Water Demand Factors 
Future water demands are estimated using UWDF corresponding to land use designations. UWDFs represent 
quantities of water demand associated with each newly developed DU or acre. UWDFs are determined by 
using billing data for existing water users provided by City staff, where enough data exist to develop these 
factors. Data for each water meter account have an associated land use type: single-family residential, multi-
family residential, commercial, senior housing, or other. The City was unable to provide billing data for all 
proposed land uses estimated to be developed in the next 20 years. For instance, as cannabis is a 
somewhat new industry for the City, water meter accounts currently are not identified clearly in a way for 
billing data to determine UWDF. For these land uses, industry standard UWDFs are used. 

Table 6 summarizes UWDFs for the existing land uses and for the future developments presented in Table 6. 
Growth UWDFs are a 5 percent reduction of existing water demands to recognize increased water 
conservation associated with factors such as equipment upgrades and reduced water use as vegetation 
becomes more established or more homeowners convert to drought-tolerant landscaping. 

 
Table 6. Water Demand Factors 

Land Use 

UWDF 
Existing Growtha 

gpd/acre gpd/DU gpd/acre gpd/DU 

Single-family - 250 - 240 

Multi-family - 150 - 145 

Storage - 200 - 190 

Business Park 1,500 - 1,425 - 

Commercial 1,000 - 950 - 

School/Church 1,500 - 1,425 - 

Senior Housing 4,800 - 4,800 - 

Cannabis 1,500 - 1,425 - 

Public/Institutional 250 - 240 - 

a. Growth UWDFs are a 5 percent reduction of existing water demands due to assumed 
increased water conservation in the future. 

gpd = gallon(s) per day 

2.3 Future Development Water Demands 
UWDFs presented in Table 6 are used to estimate water demands for future developments by multiplying by 
the estimated land use quantities from Table 5. Table 7 presents the estimated water demand for each 
planned development.  
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Table 7. Projected New Growth Water Demands 

Development/Land Use 
Estimated Growth 

gpd 
Element 7 5,424 

Acorn Business Park 29,397 

Vineyard Self Storage 1,603 

One Plant 13,344 

Alluvium, Inc. 5,520 

Delta Fair Village Commercial Building 199,500 

Buchanan Crossings Shops Building E 12,825 

Baby Yale Academy (School/church) 2,499 

Almond Knolls 8,410 

Windsor Manufactured Home Community  5,890 

USA Trucking Yard 5,919 

Wildflower Station  19,490 

Contra Costa Farms, LLC 43,056 

Oakley Knolls 6,720 

AMCAL Apartments (affordable apartments) 57,130 

Golden Bow Estates 2,880 

Windsor at Shaddick 720 

Delta Courtyard Apartments 18,270 

Deer Valley Business Park (office buildings) 1,511 

Nelson Ranch  58,560 

Laurel Ranch  43,200 

Park Ridge 126,000 

Ducky's Car Wash  1,235 

Albers Ranch  72,240 

Quail Cove 7,200 

Heidorn Village 28,080 

Vineyards at Sand Creek  153,600 

Ginochio Oil and Gas Drillinga - 

Aviano Farms 127,920 

K. Hovnanian Homes 24,000 

Acorn Business Park 29,040 

Sorrento Village 22,320 

The Ranch  264,000 

Black Diamond Ranch 2,160 

Total 1,399,663 (1.40 mgd) 
a. Per the County Department of Conservation and Development, County Zoning 

Administrator for Ginochio #3 Oil and Gas Wells, the proposed wells have no potential for 
increasing the water demand at the site. 
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Section 3: Demand Projections 
While it is expected that some growth that will lead to increased water demands, water use is not expected 
to revert to pre-drought and recession patterns. This difference reflects many factors, including replacement 
of lawns with drought-friendly plants, conversion to low-flow plumbing fixtures, and changes in customer 
water use habits. California residents are more aware of increasing drought intensity and have made 
permanent behavioral changes (such as taking shorter showers). This section summarized estimated 
demand projections for the City, recommends peaking factors, and compares projected water demands in 
Section 2 to Urban Water Management Plan (UWMP) demand targets. 

Table 8 presents an aggregate of 2040 demand increases per pressure zone. Figure 4 displays how the 
2040 projected demand is based on a 5 percent reduction of existing demands due to conservation, plus 
the addition of new growth demands associated with future development.  

 
Table 8. Projected Water Demands by Pressure Zone 

Pressure Zone 
New Growth Demand 

mgd 
Existing Demand 

mgd 
2040 Demanda 

mgd 
Zone I 0.01 1.30 1.24 

Zone II 0.62 3.38 3.83 

Zone II 0 0.20 0.19 

Zone IIB 0 0.06 0.06 

Zone IIC 0.03 0.08 0.11 

Zone III East 0.67 3.64 4.13 

Zone III West 0.02 0.45 0.45 

Zone IV East 0.26 1.14 1.35 

Zone IV West 0.00 0.24 0.23 

Zone Bear Ridge 0 0.02 0.02 

Zone Sunset 0 0.03 0.02 

Zone County Fairgrounds 0 0.03 0.03 

Subtotal 1.40 10.57 11.44 

Water Loss 0.03 0.21 0.24 

Total 1.43 10.78 11.68 

a. 2040 demands include a 5% reduction of existing demands due to increased water conservation plus new growth 
demand for future developments included in Table 8.  
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Figure 4. Projected water use 

 

3.1 Peaking Factors 
As mentioned in Section 1, the 2020 WSMP will use a MDD/ADD peaking factor of 1.6 per historical data 
included in Table 1. The City did not provide data on hourly production. A peak hour factor of 1.5 is assumed 
for the 2020 WSMP based on industry standards.  

3.2 5-Year Projections 
For this analysis it is assumed that incremental development growth will occur linearly. Table 9 presents 
water demand projections for the City in 5-year increments. 
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Table 9. Projected Total Water Demand Requirements by Pressure Zone 

Pressure Zone 

2020a 2025a 2030a 2035a 2040b 
ADD MDD ADD MDD ADD MDD ADD MDD ADD MDD 

mgd AFY mgd mgd AFY mgd mgd AFY mgd mgd AFY mgd mgd AFY mgd 

Zone I 1.30 1,458 2.08 1.29 1,442 2.06 1.27 1,426 2.04 1.26 1,410 2.01 1.24 1,394 1.99 

Zone II  3.39 3,795 5.42 3.45 3,860 5.51 3.50 3,926 5.61 3.56 3,992 5.70 3.83 4,057 5.80 

Zone IIA  0.20 220 0.31 0.19 218 0.31 0.19 215 0.31 0.19 212 0.30 0.19 210 0.30 

Zone IIB  0.06 71 0.10 0.06 70 0.10 0.06 70 0.10 0.06 69 0.10 0.06 68 0.10 

Zone IIC  0.08 95 0.14 0.09 98 0.14 0.09 102 0.15 0.09 106 0.15 0.11 110 0.16 

Zone III East 3.66 4,099 5.86 3.78 4,230 6.04 3.89 4,361 6.23 4.01 4,492 6.42 4.13 4,623 6.60 

Zone III West 0.45 501 0.72 0.45 501 0.72 0.45 501 0.72 0.45 501 0.72 0.45 501 0.72 

Zone IV East 1.15 1,293 1.85 1.20 1,348 1.93 1.25 1,403 2.00 1.30 1,459 2.08 1.35 1,514 2.16 

Zone IV West 0.24 271 0.39 0.24 268 0.38 0.24 265 0.38 0.23 263 0.38 0.23 260 0.37 

Zone Bear Ridgec 0.02 23 0.03 0.02 22 0.03 0.02 22 0.03 0.02 22 0.03 0.02 21 0.03 

Zone Sunsetc 0.03 29 0.04 0.03 28 0.04 0.03 28 0.04 0.02 28 0.04 0.02 27 0.04 

Zone County 
Fairgroundsc 0.03 30 0.04 0.03 29 0.04 0.03 29 0.04 0.03 29 0.04 0.03 28 0.04 

Subtotal 10.61 11,884 16.98 10.82 12,116 17.31 11.02 12,349 17.64 11.23 12,581 17.97 11.44 12,814 18.30 

Water Loss 0.21 238 0.34 0.22 242 0.35 0.22 247 0.35 0.22 252 0.36 0.24 256 0.37 

Total 10.82 12,122 17.31 11.03 12,359 17.65 11.24 12,596 17.99 11.46 12,833 18.33 11.68 13,070 18.67 

a. 2020-2035 are interpolated as exact construction dates are unknown. 
b. 2040 includes all proposed developments in the next 20 years.  
c. These zones are completely developed. Water demands will not increase in the future. 
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Figure 5 presents the historic and projected average and maximum water day demands.  

  
Figure 5. Historical and projected water use 

3.3 Comparison to 2015 UWMP Target for 2020 
As discussed in Section 2, used land use quantities and UWDFs are used to estimate future water demands 
for the 2020 WSMP. This section compared the demand projections in this analysis with the water demand 
targets set in the 2015 UWMP. The 2015 UWMP set a 2020 water demand target of 165 gallons per capita 
per day (GPCD) for the City. Figure 6 presents the historical and projected demands against the 2020 UWMP 
target. As shown in the figure, the historical demands of 179 and 183 GPCD in 2000 and 2005 exceeded 
the 2020 UWMP target. However, Starting in 2010, the city has exceeded their goals by a large margin. The 
2010 demand of 150 GPCD was under the target by 9%. The 2015 demand of 111 GPCD was under the 
target by 37%.  

Per the Association of Bay Area Governments (ABAG) website, the population of the City will be 
approximately 103,600 in 2020, and the City is projected to have a 1.3 percent average annual growth rate 
through 2040. Table 10 summarizes population projections within the City’s limits in 5-year increments from 
2020 to 2040. Using the estimated population projections, the City’s 2020 demand target is 17.09 mgd 
(19,147 AFY). The data shown in Table 10 indicates that the City is expected to meet its 2020 target with an 
estimated ADD of 13.29 mgd (14,865 AFY). The City has been able to meet this target due to changes in 
customer water use patterns since the recent drought period that ended in 2017.  
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Figure 6. Historical and projected water demands vs. 2020 UWMP Target 

 
Table 10. City Population Projections 

Year 2020 2025 2030 2035 2040 

Total Populationa 103,595 106,480 112,960 123,755 130,725 

a. ABAG 2040 population projections downloaded from Open Data November 2019 

Section 4: Recycled Water Use 
Delta Diablo (DD), formerly Delta Diablo Sanitation District, is the agency responsible for treating and 
discharging wastewater for the cities of Antioch and Pittsburg and the unincorporated community of Bay 
Point. Currently, DD collects an estimated 14,100 AFY of wastewater. DD recycles approximately 50 percent 
of that wastewater to supply various uses. It disposes the remaining wastewater effluent through an outfall 
into the Delta at New York Slough. In the future, DD expects to increase recycled water use. 

The City owns and maintains a collection system that delivers raw sewage to DD pumping stations. In 2001, 
DD began operating its recycled water system, primarily to provide recycled water for two Calpine power 
plants. In 2007 to 2008, DD expanded the system with the Pittsburg Recycled Water Project, and in 2011 it 
constructed a new pipeline to the City. DD has coordinated all recycled water projects successfully with 
Contra Costa Water District (CCWD), the region’s primary water supplier, and plans to coordinate all 
proposed projects with CCWD per the CCWD/DD Sanitary District General Recycled Water Agreement. 

Currently, the City uses recycled water to irrigate four City parks and the Lone Tree Golf Course. Table 11 
summarizes 2017 and 2018 recycled water use in the City. Recycled water use currently offsets about 1 
percent of the City’s potable use. 
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Table 11. Recycled Water Usea 

Location 
2018 

mgd AFY 

Lone Tree Golf Course 0.06  65.04 

Fairview Park 0.01  7.54 

City Park Baseball Fields 0.01  15.98 

Mountaire Park 0.01  13.80 

Chichibu Park 0.01  12.61 

Caltrans Highway 4 Landscape (G Street to Cavallo Road) -   - 

Hydrants at Aster Drive, Sunset Lane, and Longview  -   - 

City Total 0.10  114.98 

a. 2018 recycled water use for City from DD 
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Attachment A: Approved and Pending Developments 
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