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2014 City of Madera
 

0.0 EXECUTIVE SUMMARY 
This executive summary presents a brief background of the City’s water distribution system, the 
planning area characteristics, the system performance and design criteria, the hydraulic model, 
and a capital improvement program. 

The hydraulic model was used to evaluate the capacity adequacy of the existing distribution 
system and for recommending improvements to mitigate existing deficiencies, as well as servicing 
future growth.  The prioritized capital improvement program accounts for growth throughout the 
Madera Planning Area. 

ES.1 STUDY OBJECTIVES 
The City of Madera recognizes the importance of planning, developing, and financing the City’s 
water system infrastructure.  In order to continue providing reliable and enhanced service to 
existing customers and to serve anticipated future developments, City staff initiated the 
preparation of this 2014 Water System Master Plan (WSMP) 

City Council approved Akel Engineering Group Inc. to prepare this master plan in January of 
2011. The 2014 WSMP evaluates the City’s water system and recommends capacity 
improvements necessary to service the needs of existing users and for servicing the future growth 
of the City. This 2014 Water System Master Plan (WSMP) is intended to serve as a tool for 
planning and phasing the construction of future domestic water system infrastructure for the 
projected buildout of the City of Madera. 

The Planning Area and horizon for the master plan is stipulated in the City’s General Plan. Should 
planning conditions change, and depending on their magnitude, adjustments to the master plan 
recommendations might be necessary. 

This master plan included the following tasks: 

• Summarizing the City’s existing domestic water system facilities  

• Documenting growth planning assumptions and known future developments 

• Updating the domestic water system performance criteria 

• Projecting future domestic water demands    

• Updating and calibrating a new hydraulic model using Geographic Information Systems 
(GIS) data 

• Evaluating the domestic water facilities to meet existing and projected demand 
requirements and fire flows 
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• Evaluating the existing groundwater conditions 

• Performing a capacity analysis for major distribution mains 

• Performing a fire flow analysis 

• Recommending a capital improvement program (CIP) with an opinion of probable costs 

• Performing a capacity allocation analysis for cost sharing purposes 

• Developing a 2014 Water System Master Plan report 

ES.2 INTEGRATED APPROACH TO MASTER PLANNING 
The City implemented an integrated master planning approach and contracted the services of 
Akel Engineering Group to prepare the following documents: 

• Water System Master Plan 

• Sanitary Sewer System Master Plan 

• Storm Drainage System Master Plan 

• Recycled Water Feasibility Study 

While each of these reports is published as a standalone document, they have been coordinated 
for consistency with the City’s General Plan.  Additionally, each document has been cross 
referenced to reflect relevant analysis results with the other documents. 

ES.3 STUDY AREA 
The City of Madera is located in Madera County in the central part of California known as the San 
Joaquin Valley, approximately 33 miles west of the geographic center of California.  The City of 
Madera serves as the county seat and is located approximately 70 miles southeast of the City of 
Modesto, 15 miles southeast of the City of Chowchilla, and 22 miles northwest of the City of 
Fresno. The City limits currently encompass 15.8 square miles, with an approximate population of 
62,000 residents. 

The City of Madera is generally bound to the north by Avenue 17, to the east by Road 28, to the 
west by Road 24, and to the south by Avenue 12.  There are three unincorporated areas to the 
north, south, and east of the City respectively: Madera Acres, Parkwood, and Parksdale. State 
Route 99 bi-sects the City in a northwest to southeast direction and the Fresno River runs in an 
east-west direction in the northern half of the City.  The general topography is generally flat, with 
very low slope from east to west.  Figure ES.1 displays the planning area showing city limits, the 
Urban Growth Boundary of the City and the Census Designated Places (CDP). 
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ES.4 SYSTEM PERFORMANCE AND DESIGN CRITERIA 
This report documents the City’s performance and design criteria that were used for evaluating 
the domestic water system. The system performance and design criteria are used to establish 
guidelines for determining future water demands, evaluating existing domestic water facilities, and 
for sizing future facilities.  Table ES.1 documents the system performance and design criteria for 
the domestic water system.  This criterion was used in the capacity evaluation and for sizing 
recommended improvements. 

ES.5 EXISTING WATER SYSTEM OVERVIEW 
The City’s municipal water system consists of 19 groundwater wells, a one million gallon storage 
reservoir, distribution mains, and fire hydrants. The City’s generally flat topography slopes from 
east to west from 300 feet in the east to 240 feet in the west.  With this generally flat topography, 
the City is maintained as a single pressure zone, with a single one million gallon elevated storage 
tank regulating system operation.  

The City’s existing domestic water distribution system is shown in Figure ES.2, which displays the 
existing system by pipe size.  This figure provides a general color coding for the distribution 
mains, as well as labeling the existing wells and the storage reservoir.   

ES.6 GROUNDWATER QUALITY AND WATER QUALITY 
REGULATIONS 

Groundwater quality in the Madera Planning Area was evaluated by Kenneth D. Schmidt and 
Associates.  Vertical trends in groundwater quality, as well as geographic trends in groundwater 
quality, were established to provide general guidance to the City when evaluating potential 
locations for new groundwater wells.   

The City of Madera’s water system currently meets state and federal guidelines for regulation of 
contaminants and monitoring requirements.  Water quality tests for City wells did not reveal 
contaminant levels in excess of established maximum contaminant levels (MCLs), with the 
exception of Well No. 27.  Well No 21 and Well No. 33 have quantifiable amounts of DBCP, but do 
not exceed the MCL.  Additionally, other wells in and around the City have measurable levels of 
nitrate, but do not exceed the MCL. 

Future water quality regulations on chromium-6 and 1,2,3 Trichloropropane (TCP) may impact the 
water supply for the City.  Public health goals for each of these have been established by the 
Office of Environmental Health Hazard Assessment.  It is currently unknown what concentrations 
of these chemicals exist in the Madera groundwater; however, 1,2,3 TCP is a chemical that has 
been used in the agricultural industry for some pesticides, and may impact cities in the Central 
Valley, including the City of Madera.   
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Table ES.1   Planning and Design Criteria Summary
 Water System Master Plan
 City of Madera

Design Parameter Criteria
Supply Existing System Future System

Supply to Meet Peak Hour Demands + 
2,000 gpm (largest wells as Standby)

West Side: Supply to Meet Peak Hour Demands + 
2,000 gpm

Eastside: Supply to Meet Maximum Day 
Demands

Install Power Hookups at Every New Well

Install New Power Generators at Every 4th New Well

Install Treatment at Every 10th New Well

Storage Existing System1 Future System

Underground Aquifer with Adequate 
Power Generators at Wells

Supply to Meet Peak Hour Demands on Westside 
and Max Day Demands on the East Side (with 

Firm Capacity)

Distribution Mains Distribution mains should be designed to meet the greater of:

1) Peak Hour Demand, or 2) Maximum Day Demand + Fire Flow 

Criteria for existing and future pipelines include:

If pipe diameter ≤ 12-inches, maximum pipe velocity of 10 feet per second

If pipe diameter ≥ 14-inches, maximum friction losses of 2 feet / 1,000 feet

Pump Stations (Future) Meet Maximum Day Demand with largest unit out of service

Hydropneumatic systems to meet Maximum Day Demand plus fire flow

Service Pressures Maximum Pressure 65 psi

Minimum Pressure (during Maximum Day) 40 psi

Minimum Pressure (during Peak Hour) 35 psi

Minimum Residual Pressure (during Fires) 20 psi

Demand Peaking Factors Maximum Month Demand 1.75 x Average Day Demand

Maximum Day Demand 2.0 x Average Day Demand

Peak Hour Demand 3.0 x Average Day Demand

Fire Flows Residential 1,500 gpm for 2 hours

Commercial 2,500 gpm for 3 hours

Industrial 3,500 gpm for 3 hours

Hospital 4,000 gpm for 4 hours

Urban Water Use Targets UWMP Adjusted Values

Existing Coefficient 247 182 gpdc

2015 Interim Target 222 - gpdc

2020 Target (20% Conservation) 197 190 gpdc

Demand Coefficients Existing Future

Residential, SF 2,850 2,250 gpd/AC

Residential, MF 2,850 2,500 gpd/AC

Commercial 780 1,000 gpd/AC

Industrial 780 1,000 gpd/AC

Institutional 780 1,000 gpd/AC

Irrigation 330 330 gpd/AC

Note: 6/12/2013
1.  The existing system has a 1 MG storage tank, however, this is minor when compared to aquifer storage.
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ES.7 EXISTING AND FUTURE DOMESTIC WATER DEMANDS 
The existing water demands used for this master plan were based on the City’s 2010 Public Water 
System Statistics (PWSS) consumption records which included the monthly demands for each 
land use category, as well as total annual production.  These existing water demands in this 
analysis are adjusted to match the annual production records and account for system losses. For 
estimating purposes and for consistency with the 2010 Urban Water Management Plan, 7% 
system losses were accounted for in the calculation of the production data.  

The City’s existing average day domestic water demand was estimated at 9.8 MGD.  Accounting 
for losses in the system, the average daily production was calculated at 10.5 MGD. 
Table ES.2 organizes the future land use categories, and their corresponding domestic water 
demands.  The average day domestic water demands from existing and future developments is 
calculated at 41.57 MGD.  These demands were used in sizing the future infrastructure facilities, 
including transmission mains, storage reservoirs, and booster stations.  Demands were also used 
for allocating and reserving capacities in the existing or proposed facilities. 

ES.8 HYDRAULIC MODEL DEVELOPMENT 
Hydraulic network analysis has become an effectively powerful tool in many aspects of water 
distribution planning, design, operation, management, emergency response planning, system 
reliability analysis, fire flow analysis, and water quality evaluations.  The City’s hydraulic model 
was used to evaluate the capacity adequacy of the existing system and to plan its expansion to 
service anticipated future growth. 

The City’s previous model was developed using the Environmental Protection Agency’s EPANET, 
which allows the use of a single modeling scenario, and basic simulation options for steady-state 
and extended period simulations.  As part of this master plan, the hydraulic model has been 
updated and redeveloped into the GIS-based hydraulic model InfoWater by Innovyze. The model 
has an intuitive graphical interface and is directly integrated with ESRI’s ArcGIS (GIS), providing a 
useful modeling tool linked to the newly developed City GIS.      

ES.9 GROUNDWATER OVERDRAFT 
This water system master plan included a review of groundwater conditions and 
recommendations for mitigating water level declines. The evaluation revealed that, while 
beneficial, these programs do not completely mitigate groundwater level decline in the Madera 
Subbasin.  Additionally, as the City will maintain a continued reliance on groundwater pumpage, 
coordination between the City and other major agencies reliant on the Madera Subbasin would be 
beneficial for groundwater planning.   

The most feasible means of limiting groundwater level declines for the City would be a 
combination of treated wastewater treatment plant effluent for percolation and in-lieu recharge 
with Madera Irrigation District.  While recycled water use in the City would reduce the need for  



Table ES.2   Average Daily Demands at Buildout of Project Area
Water System Master Plan
City of Madera

2010 Water Demands at 100% 
Occupancy

Planning Area Water Demands at 100% Occupancy

Total Planning Area 
(including Madera 

Acres)

Planned 
Development within 

City Limits

Madera Acres Sub 
Area

Parkwood Sub Area Parksdale Sub Area
Future Planning 

Area Development 
excluding Sub Areas

Future Areas to be 
Serviced by City

Classifications Acreages Factor Acreages Annual Flows Acreages Annual Flows Acreages Annual Flows Acreages Annual Flows Acreages Annual Flows Acreages Annual Flows

(gr. acres) (gpd/gr. acre) (gpd) (gr. acres) (gpd/gr. acre) (gr. acres) (gpd) (gr. acres) (gpd) (gr. acres) (gpd) (gr. acres) (gpd) (gr. acres) (gpd) (gr. Acres) (gpd) (gpd)

Residential

Single Family Residential 2,995 2,850 8,536,530 12,867 2,250 881 1,982,413 3,151 7,090,526 133 298,778 377 847,575 5,330 11,991,779 9,716 23,657,075 30,747,601

Multi-family Residential 272 2,850 776,233 2,365 2,500 21 53,530 173 431,928 34 85,683 85 211,500 1,779 4,448,397 2,192 5,575,342 6,007,270

Subtotal 3,268 9,312,763 15,232 902 2,035,943 3,324 7,522,454 167 384,460 461 1,059,075 7,109 16,440,176 11,908 29,232,417 36,754,871

Non-Residential

Commercial 917 780 715,113 1,988 1,000 471 471,342 82 82,134 7 6,876 0 0 511 511,088 1,906 1,704,419 1,786,553

Industrial 523 780 408,257 4,834 1,000 226 225,906 90 89,734 0 0 0 0 3,995 3,995,424 4,745 4,629,587 4,719,321

Institutional 410 780 319,511 580 1,000 13 13,207 13 13,440 1 686 13 13,400 130 129,634 567 476,438 489,878

Mixed Use / Village Reserve1 - - - 5,893 1,000 0 786 785,906 272 271,838 0 0 4,835 4,834,759 5,107 5,106,597 5,892,503

Subtotal 1,850 1,442,881 13,295 710 710,455 971 971,214 279 279,400 13 13,400 9,471 9,470,905 12,324 11,917,041 12,888,255

Other (Demand Generating)

Landscape Irrigation 1,276 330 421,031 1,435 330 159 52,631 1,276 421,031 473,662

Subtotal 1,276 421,031 1,435 159 52,631 1,276 421,031 473,662

Other (Non-Demand Generating)

Other 1,337 37,367 308 201 0 6 35,515 37,166

Subtotal 1,337 37,367 308 201 0 6 35,515 37,166

Totals 7,730 11,176,675 67,329 1,921 2,746,398 4,656 8,546,298 446 663,860 481 1,072,475 52,095 25,911,081 62,673 41,570,489 50,116,788

Notes: 6/12/2013
1.  The Village Reserve category is designed to incorporate neighborhood planning and village building, and as such has been conservatively estimated as equivalent to commercial use.

Existing Areas 
Currently 

Serviced (City 
Limits)

Water Unit 
Factor

2010 Average 
Daily Demands

Total Average 
Daily Demand 

in Planning 
Area 

(including 
Madera 
Acres)
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groundwater pumping, a feasibility study performed by MWH Americas revealed that 
improvements may be cost prohibitive.   

ES.10 CAPACITY EVALUATION 
The calibrated hydraulic model was used for evaluating the distribution system for capacity 
deficiencies during peak hour demand and during maximum day demands in conjunction with fire 
flows.  Since the hydraulic model was calibrated for extended period simulations, the analysis 
duration was established at 24 hours for analysis.   

Alternative 1 – Future Groundwater Distributed on East and West Sides 

In this alternative, groundwater wells were constructed throughout the Planning Area, and were 
sized to meet the peak hour demand of the Planning Area.  The transmission grid in this 
alternative generally consists of a 12-inch looped network spaced every half-mile, and of an 8-inch 
looped network spaced every quarter-mile and in non-residential areas.  The actual transmission 
and distribution main pipelines were sized using the hydraulic model and based on the design 
criteria discussed in a previous chapter.   

Consistent with the previous master plan storage criteria, no additional storage was 
recommended in the alternative.  While it was preferred to continue constructing groundwater 
supply wells throughout the City, review of the groundwater conditions completed by Kenneth D. 
Schmidt and Associates, combined with recent groundwater test holes, indicate high probabilities 
for the presence of poor water quality as well as low well yields in the east and northeast part of 
the City.  Consequently, this alternative was not selected as it is considered less reliable in finding 
feasible supply sites on the east side. 

Alternative 2 – Future Supply on West Side and New Storage on East Side 

This alternative follows the general guidelines outlined for Alternative 1, though it is based on 
constructing most future supply wells on the west side, with the intent of servicing the future 
developments throughout the Planning Area, including the northeast.   

Siting the supply wells on the west side will require upgrading the transmission main pipe sizes to 
convey water from the west side to the east side for either of the following conditions: 1) convey 
peak hour demands or, 2) convey maximum day demands.  The first option will require the 
construction of excessively large transmission mains, while the second option will require the 
construction of new storage facilities on the east side.  This master plan evaluated the potential for 
constructing transmission mains to convey maximum day demand, and includes two storages 
reservoirs in the eastern portion of the City. 
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ES.11 CAPITAL IMPROVEMENT PROGRAM 
The Capital Improvement Program costs for the projects identified in this master plan for 
mitigating existing system deficiencies and for serving anticipated future growth throughout the 
City are summarized on Table ES.3.  These improvements reflect Alternative 2 of the evaluation 
chapter and are graphically represented on Figure ES.3. 

The estimated construction costs include the baseline costs plus 20 percent contingency 
allowance to account for unforeseen events and unknown field conditions. Capital improvement 
costs include the estimated construction costs plus 25 percent project-related costs (engineering 
design, project administration, construction management and inspection, and legal costs). 

The costs in this Water System Master Plan were benchmarked using a 20-City national average 
Engineering News Record (ENR) Construction Cost Index (CCI) of 9545, reflecting a date of 
August 2013.  In total, the CIP includes approximately 114 miles of pipeline improvements, 23 
new wells, 2 new storage reservoirs, and 2 new booster stations that will convey water from the 
west side of the City to the east, with a project cost totaling over $148 million dollars. 
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Table ES.3   Capital Improvement Program
Water System Master Plan
City of Madera

Itemized Cost Estimate Suggested Cost 
Allocation Cost Sharing

Other Baseline Estimated Land Capital

Improvement Detail Sheet Type of Unit Pipe Infrastr. Constr. Constr. Acquisition Improv. Existing Future Existing Future 

 Number Improv. Street Limits Diam. Length Cost1 Cost Costs Cost1 Cost1,2 Cost4 Cost1,2,3,4 Users Users Users Users

(in) (ft) ($) ($) ($) ($) ($) ($) ($) ($) ($)

Improvements to Meet Fire Flow Criteria

FF-1 Detail 3 Pipe Maple St From Pine St to Noble St 8 Parallel 990 36 35,809 35,809 42,970 53,713 FY 2013 - 2015 West Madera/ N/A 100% 53,713

FF-2 Detail 3 Pipe Rotan Ave From Howard Rd to Plumas St 8 Parallel 740 36 26,766 26,766 32,119 40,149 FY 2013 - 2015 West Madera/ N/A 100% 40,149

FF-3 Detail 3 Pipe Plumas St From Rotan Ave approx 330 ft west 8 Parallel 330 36 11,936 11,936 14,323 17,904 FY 2013 - 2015 West Madera 100% 17,904

FF-4 Detail 3 Pipe Olive Ave From Grove St to Cypress St 12 New 730 49 35,780 35,780 42,936 53,671 FY 2013 - 2015 West Madera 100% 53,671

Subtotal - Existing Deficiencies 165,437 165,437
Expansion Improvements - Northwest Quadrant

PNW-1 Detail 1 Pipe Rd 23 From Ave 14 1/2 to Future River Rd 18 New 2,950 84 247,926 247,926 297,511 371,888 FY 2026 - 2030 Northwest Madera/ 
West Madera

100% 371,888

PNW-2 Detail 1 Pipe Future River Rd From Rd 23 to Rd 22 1/2 12 New 2,775 49 136,014 136,014 163,217 204,022 FY 2041 - 2050 Northwest Madera 100% 204,022

PNW-3 Detail 1 Pipe Future River Rd From Rd 22 1/2 to Rd 22 12 New 2,900 49 142,141 142,141 170,569 213,212 FY 2041 - 2050 Northwest Madera 100% 213,212

PNW-4 Detail 1 Pipe Rd 22 From Future River Rd to Ave 15 1/2 12 New 1,175 49 57,592 57,592 69,110 86,388 FY 2041 - 2050 Northwest Madera 100% 86,388

PNW-5 Detail 1 Pipe Rd 22 1/2 From Future River Rd to Ave 15 1/2 12 New 1,975 49 96,803 96,803 116,164 145,205 FY 2041 - 2050 Northwest Madera 100% 145,205

PNW-6 Detail 1 Pipe Rd 23 From Future River Rd to Ave 15 1/2 18 New 2,225 84 186,995 186,995 224,394 280,492 FY 2021 - 2025 Northwest Madera 100% 280,492

PNW-7 Detail 1 Pipe Ave 15 1/2 From Rd 22 to Rd 22 1/2 12 New 2,700 49 132,338 132,338 158,806 198,507 FY 2041 - 2050 Northwest Madera 100% 198,507

PNW-8 Detail 1 Pipe Ave 15 1/2 From Rd 22 1/2 to Rd 23 12 New 2,725 49 133,564 133,564 160,276 200,346 FY 2041 - 2050 Northwest Madera 100% 200,346

PNW-9 Detail 1 Pipe Rd 22 From Ave 15 1/2 to Ave 16 12 New 2,800 49 137,240 137,240 164,688 205,860 FY 2041 - 2050 Northwest Madera 100% 205,860

PNW-10 Detail 1 Pipe Rd 22 1/2 From Ave 15 1/2 to Ave 16 12 New 2,800 49 137,240 137,240 164,688 205,860 FY 2041 - 2050 Northwest Madera 100% 205,860

PNW-11 Detail 1 Pipe Rd 23 From Ave 15 1/2 to Ave 16 18 New 2,800 84 235,319 235,319 282,383 352,979 FY 2021 - 2025 Northwest Madera 100% 352,979

PNW-12 Detail 1 Pipe Ave 16 From Rd 22 to Rd 22 1/2 12 New 2,700 49 132,338 132,338 158,806 198,507 FY 2041 - 2050 Northwest Madera 100% 198,507

PNW-13 Detail 1 Pipe Ave 16 From Rd 22 1/2 to Rd 23 12 New 2,725 49 133,564 133,564 160,276 200,346 FY 2041 - 2050 Northwest Madera 100% 200,346

PNW-14 Detail 1 Pipe Rd 22 From Ave 16 to Ave 16 1/2 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 Northwest Madera 100% 194,831

PNW-15 Detail 1 Pipe Rd 22 1/2 From Ave 16 to Ave 16 1/2 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 Northwest Madera 100% 194,831

PNW-16 Detail 1 Pipe Rd 23 From Ave 16 to Ave 16 1/2 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2021 - 2025 Northwest Madera 100% 334,069

PNW-17 Detail 1 Pipe Ave 16 1/2 From Rd 22 to Rd 22 1/2 12 New 2,700 49 132,338 132,338 158,806 198,507 FY 2041 - 2050 Northwest Madera 100% 198,507

PNW-18 Detail 1 Pipe Ave 16 1/2 From Rd 22 1/2 to Rd 23 12 New 2,725 49 133,564 133,564 160,276 200,346 FY 2041 - 2050 Northwest Madera 100% 200,346

PNW-19 Detail 1 Pipe Rd 22 From Ave 16 1/2 to Ave 17 12 New 2,600 49 127,437 127,437 152,924 191,155 FY 2041 - 2050 Northwest Madera 100% 191,155

PNW-20 Detail 1 Pipe Rd 22 1/2 From Ave 16 1/2 to Ave 17 12 New 2,600 49 127,437 127,437 152,924 191,155 FY 2041 - 2050 Northwest Madera 100% 191,155

PNW-21 Detail 1 Pipe Rd 23 From Ave 16 1/2 to Ave 17 18 New 2,600 84 218,511 218,511 262,213 327,766 FY 2021 - 2025 Northwest Madera 100% 327,766

PNW-22 Detail 1 Pipe Ave 17 From Rd 22 to Rd 22 1/2 12 New 2,700 49 132,338 132,338 158,806 198,507 FY 2041 - 2050 Northwest Madera 100% 198,507

PNW-23 Detail 1 Pipe Ave 17 From Rd 22 1/2 to Rd 23 12 New 2,725 49 133,564 133,564 160,276 200,346 FY 2041 - 2050 Northwest Madera 100% 200,346

PNW-24 Detail 1 Pipe Rd 23 From Ave 17 to Ave 18 12 New 5,275 49 258,550 258,550 310,260 387,825 FY 2041 - 2050 Airport North/ N/A 100% 387,825

PNW-25 Detail 1 Pipe Ave 17 From Rd 23 to Airport Dr 24 New 6,550 140 917,744 917,744 1,101,292 1,376,615 FY 2021 - 2025 Airport North/ N/A 100% 1,376,615

PNW-26 Detail 1 Pipe Golden State Blvd From Ave 17 to approx 800 ft n/o Ave 17 20 New 800 112 89,668 89,668 107,602 134,502 FY 2016 - 2020 N/A 100% 134,502

PNW-27 Detail 1 Pipe Golden State Blvd From approx 800 ft n/o Ave 17 to Ave 18 12 New 6,425 49 314,916 314,916 377,899 472,374 FY 2041 - 2050 Airport North/ N/A 100% 472,374

PNW-28 Detail 1 Pipe Ave 18 From Golden State Blvd to Rd 23 12 New 2,300 49 112,733 112,733 135,279 169,099 FY 2041 - 2050 Airport North 100% 169,099

PNW-29 Detail 1 Pipe Aviation Dr Crossing Airport Dr to connect 12-inch lines 12 New 90 49 4,411 4,411 5,294 6,617 FY 2013 - 2015 N/A 100% 0% 6,617

PNW-30 Detail 1 Pipe Aviation Dr Connect existing 12-inch lines in Aviation Dr near Falcon Dr 12 New 170 49 8,332 8,332 9,999 12,499 FY 2013 - 2015 N/A 100% 0% 12,499

PNW-31 Detail 1 Pipe Kennedy St From Rd 23 to Rd 24 12 New 5,325 49 261,001 261,001 313,201 391,501 FY 2021 - 2025 Northwest Madera 100% 391,501

PNW-32 Detail 1 Pipe Kennedy St From Rd 24 to Rd 24 1/2 12 New 2,500 49 122,535 122,535 147,043 183,803 FY 2021 - 2025 Northwest Madera 100% 183,803

PNW-33 Detail 1 Pipe Rd 24 From Cleveland Ave to Kennedy St 12 New 2,725 49 133,564 133,564 160,276 200,346 FY 2021 - 2025 Northwest Madera 100% 200,346

PNW-34 Detail 1 Pipe Westberry Blvd From Cleveland Ave to Kennedy St 12 New 3,225 49 158,071 158,071 189,685 237,106 FY 2016 - 2020 Northwest Madera 100% 237,106

PNW-35 Detail 1 Pipe Granada Dr From Beechwood Wy to approx 150 ft s/o Plumwood Wy 12 New 470 49 23,037 23,037 27,644 34,555 FY 2013 - 2015 Northwest Madera 100% 34,555

PNW-36 Detail 1 Pipe Ave 15 1/2 From Rd 23 to Rd 24 12 New 5,250 49 257,325 257,325 308,789 385,987 FY 2036 - 2040 Northwest Madera 100% 385,987

PNW-37 Detail 1 Pipe Cleveland Ave From Rd 24 to Rd 24 1/4 12 New 1,500 49 73,521 73,521 88,226 110,282 FY 2021 - 2025 Northwest Madera 100% 110,282

PNW-38 Detail 1 Pipe Cleveland Ave From Rd 24 1/4 to Westberry Blvd 12 New 1,150 49 56,366 56,366 67,640 84,549 FY 2021 - 2025 Northwest Madera 100% 84,549

PNW-39 Detail 1 Pipe Rd 24 From Cleveland Ave to Fairway Ave ext 12 New 1,350 49 66,169 66,169 79,403 99,254 FY 2016 - 2020 Northwest Madera 100% 99,254

PNW-40 Detail 1 Pipe Rd 24 1/4 From Cleveland Ave to Fairway Ave ext 8 New 1,350 36 48,830 48,830 58,596 73,245 FY 2016 - 2020 Northwest Madera 100% 73,245

PNW-41 Detail 1 Pipe Fairway Ave ext From Rd 24 to Rd 24 1/4 8 New 1,500 36 54,256 54,256 65,107 81,384 FY 2016 - 2020 Northwest Madera 100% 81,384

PNW-42 Detail 1 Pipe Fairway Ave ext From Rd 24 1/4 to existing Fairway Ave 8 New 670 36 24,234 24,234 29,081 36,351 FY 2016 - 2020 Northwest Madera 100% 36,351

Parallel / Replace 
/ New

Pipeline and Appurtenances Costs
Suggested 

Phasing
Village



Table ES.3   Capital Improvement Program
Water System Master Plan
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Itemized Cost Estimate Suggested Cost 
Allocation Cost Sharing

Other Baseline Estimated Land Capital

Improvement Detail Sheet Type of Unit Pipe Infrastr. Constr. Constr. Acquisition Improv. Existing Future Existing Future 

 Number Improv. Street Limits Diam. Length Cost1 Cost Costs Cost1 Cost1,2 Cost4 Cost1,2,3,4 Users Users Users Users

(in) (ft) ($) ($) ($) ($) ($) ($) ($) ($) ($)

Parallel / Replace 
/ New

Pipeline and Appurtenances Costs
Suggested 

Phasing
Village

PNW-43 Detail 1 Pipe Rd 24 From Fairway Ave ext to Hampton Dr ext 12 New 1,250 49 61,268 61,268 73,521 91,902 FY 2016 - 2020 Northwest Madera 100% 91,902

PNW-44 Detail 1 Pipe Rd 24 1/4 From Fairway Ave ext to Hampton Dr ext 8 New 1,325 36 47,926 47,926 57,511 71,889 FY 2016 - 2020 Northwest Madera 100% 71,889

PNW-45 Detail 1 Pipe Hampton Dr ext From Rd 24 to Rd 24 1/4 12 New 1,525 49 74,747 74,747 89,696 112,120 FY 2016 - 2020 Northwest Madera 100% 112,120

PNW-46 Detail 1 Pipe Hampton Dr ext From Rd 24 1/4 to Westberry Blvd 12 New 1,125 49 55,141 55,141 66,169 82,711 FY 2016 - 2020 Northwest Madera 100% 82,711

PNW-47 Detail 1 Pipe Future River Rd From Rd 24 to proposed park 8 New 610 36 22,064 22,064 26,477 33,096 FY 2041 - 2050 Northwest Madera 100% 33,096

PNW-48 Detail 1 Pipe Proposed Park Jogs existing park alignment n/w approx 1,520 ft 8 New 1,525 36 55,160 55,160 66,192 82,740 FY 2041 - 2050 Northwest Madera 100% 82,740

PNW-49 Detail 1 Pipe Proposed Park From Cleveland Ave and Rd 24 s/w on park alignment 8 New 1,600 36 57,873 57,873 69,447 86,809 FY 2041 - 2050 Northwest Madera 100% 86,809

PNW-50 Detail 1 Pipe Proposed Park Jogs park alignment to approx 380 ft n/o Ave 15 8 New 4,200 36 151,916 151,916 182,299 227,874 FY 2041 - 2050 Northwest Madera 100% 227,874

PNW-51 Detail 1 Pipe Approx 380 ft n/o Ave 15 From end of park alignment to Rd 23 8 New 1,475 36 53,351 53,351 64,022 80,027 FY 2041 - 2050 Northwest Madera 100% 80,027

PNW-52 Detail 1 Pipe Ellis St Overcrossing From approx 580 ft n/o Kennedy St to Krohn St 12 New 2,125 49 104,155 104,155 124,986 156,233 FY 2016 - 2020 Central Madera/ N/A 100% 156,233

PNW-53 Detail 1 Pipe Sharon Rd From Ave 18 to approx 600 ft s/o Schmidt Creek Wy 12 New 6,100 49 298,987 298,987 358,784 448,480 FY 2041 - 2050 N/A 100% 448,480

PNW-54 Detail 1 Pipe Schmidt Creek Wy From Golden State Blvd to Sharon Rd 20 New 760 112 85,185 85,185 102,222 127,777 FY 2016 - 2020 N/A 100% 127,777

PNW-55 Detail 1 Pipe Sharon Rd From 600 ft s/o Schmidt Creek Wy to 830 ft n/o Ellis St 24 New 5,350 140 749,607 749,607 899,529 1,124,411 FY 2016 - 2020 N/A 100% 1,124,411

PNW-56 Detail 1 Pipe 830 ft n/o Ellis St From Sharon Rd to Krohn St 24 New 2,175 140 304,747 304,747 365,696 457,120 FY 2016 - 2020 Central Madera 100% 457,120

PNW-57 Detail 1 Pipe Krohn St From 830 ft n/o Ellis St to Ellis St 24 New 840 140 117,695 117,695 141,234 176,543 FY 2016 - 2020 Central Madera 100% 176,543

PNW-58 Detail 1 Pipe Krohn St From Sharon Rd to Ellis St 12 New 1,425 49 69,845 69,845 83,814 104,768 FY 2016 - 2020 Central Madera 100% 104,768

PNW-59 Detail 1 Pipe Sharon Rd From Krohn St to Clark St 12 New 1,475 49 72,296 72,296 86,755 108,444 FY 2016 - 2020 Central Madera 100% 108,444

PNW-60 Detail 1 Pipe Clark St From Sharon Rd to Country Club Dt 12 New 1,850 49 90,676 90,676 108,812 136,014 FY 2016 - 2020 Central Madera/ N/A 100% 136,014

PNW-61 Detail 1 Pipe Ellis St From Krohn St to Rd 26 24 New 2,825 140 395,821 395,821 474,985 593,731 FY 2016 - 2020 Central Madera 100% 593,731

PNW-62 Detail 1 Pipe Rd 26 From Clark St to Ellis St 12 New 2,500 49 122,535 122,535 147,043 183,803 FY 2016 - 2020 Central Madera/ N/A 100% 183,803

PNW-63 Detail 1 Pipe Clark St From approx 120 ft w/o Taylor St to 520 w/o Owens St 8 New 1,000 36 36,170 36,170 43,405 54,256 FY 2013 - 2015 Central Madera 100% 54,256

PNW-64 Detail 1 Pipe Ellis St From Rd 26 to D St 24 New 3,200 140 448,363 448,363 538,036 672,545 FY 2016 - 2020 Central Madera 100% 672,545

PNW-65 Detail 1 Pipe Existing pipe alignment From the water tank to South St 12 Parallel 140 49 6,862 6,862 8,234 10,293 FY 2013 - 2015 Central Madera 100% 10,293

PNW-66 Detail 1 Pipe South St From the water tank allignment to Sonora St 12 Parallel 240 49 11,763 11,763 14,116 17,645 FY 2013 - 2015 Central Madera 100% 17,645

14,814,250 19,116 14,795,134

Expansion Improvements - Northeast Quadrant

PNE-1 Detail 2 Pipe Ellis St From N D St to Lake St 12 New 2,050 49 100,479 100,479 120,575 150,719 FY 2016 - 2020 Central Madera 100% 150,719

PNE-2 Detail 2 Pipe Ellis St From N D St to Lake St 24 New 2,050 140 287,233 287,233 344,679 430,849 FY 2016 - 2020 Central Madera 100% 430,849

PNE-3 Detail 2 Pipe Lake St From Martin St to Ave 17 12 New 1,325 49 64,944 64,944 74,685 93,357 FY 2041 - 2050 Central Madera 100% 93,357

PNE-4 Detail 2 Pipe Lake St From Ellis St to Ave 17 24 New 3,450 140 483,392 483,392 555,900 694,876 FY 2016 - 2020
Central 

Madera/Madera 
Acres

100% 694,876

PNE-5 Detail 2 Pipe Ave 17 From Lake St to Ericho Dr 30 New 3,375 175 591,104 591,104 679,770 849,712 FY 2021 - 2025 Central Madera 100% 849,712

PNE-6 Detail 2 Pipe Ericho Dr From Ave 17 to Ellis St 12 New 3,450 49 169,099 169,099 194,464 243,080 FY 2021 - 2025 Central Madera 100% 243,080

PNE-7 Detail 2 Pipe Ave 17 From Ericho Dr to Harper Blvd 30 New 850 175 148,871 148,871 171,201 214,002 FY 2021 - 2025 Central Madera/ 
Northeast Madera 100% 214,002

PNE-8 Detail 2 Casing5,6 Ave 17 From Ericho Dr to Harper Blvd 50 New 200 1,000 200,000 200,000 230,000 287,500 FY 2021 - 2025 Central Madera/ 
Northeast Madera 100% 287,500

PNE-9 Detail 2 Pipe Ave 17 From Harper Blvd to Rd 28 30 New 1,175 175 205,792 205,792 236,661 295,826 FY 2021 - 2025 Northeast Madera 100% 295,826

PNE-10 Detail 2 Pipe Rd 28 From Ave 17 to Ave 17 1/2 12 New 2,625 49 128,662 128,662 147,962 184,952 FY 2041 - 2050 Northeast Madera 100% 184,952

PNE-11 Detail 2 Pipe Rd 28 From Ave 17 1/2 to Ave 17 3/4 12 New 1,175 49 57,592 57,592 66,230 82,788 FY 2041 - 2050 Northeast Madera 100% 82,788

PNE-12 Detail 2 Pipe Rd 28 From Ave 17 3/4 to Ave 18 12 New 1,500 49 73,521 73,521 84,549 105,687 FY 2041 - 2050 Northeast Madera 100% 105,687

PNE-13 Detail 2 Pipe Ave 17 1/2 From Rd 28 to Rd 27 1/2 12 New 2,550 49 124,986 124,986 143,734 179,668 FY 2041 - 2050 Northeast Madera 100% 179,668

PNE-14 Detail 2 Pipe Rd 27 1/2 From Ave 17 1/2 to Ave 17 3/4 12 New 1,175 49 57,592 57,592 66,230 82,788 FY 2041 - 2050 Northeast Madera 100% 82,788

PNE-15 Detail 2 Pipe Ave 17 3/4 From Rd 28 to Rd 27 1/2 12 New 2,550 49 124,986 124,986 143,734 179,668 FY 2041 - 2050 Northeast Madera 100% 179,668

PNE-16 Detail 2 Pipe Ave 17 3/4 From Rd 27 1/2 to Rd 27 12 New 2,775 49 136,014 136,014 156,417 195,521 FY 2041 - 2050 Northeast Madera 100% 195,521

PNE-17 Detail 2 Pipe Rd 27 From Ave 17 3/4 to Ave 18 12 New 1,475 49 72,296 72,296 83,140 103,925 FY 2041 - 2050 Northeast Madera 100% 103,925

PNE-18 Detail 2 Pipe Ave 18 From Rd 27 to Rd 28 12 New 5,275 49 258,550 258,550 297,332 371,665 FY 2041 - 2050 Northeast Madera 100% 371,665

PNE-19 Detail 2 Pipe Ave 17 From Rd 28 to Rd 28 1/2 30 New 2,675 175 468,505 468,505 538,780 673,475 FY 2031 -  2035 Northeast Madera 100% 673,475

PNE-20 Detail 2 Pipe Ave 17 1/2 From Rd 28 to Rd 28 1/2 12 New 2,675 49 131,113 131,113 150,780 188,475 FY 2041 - 2050 Northeast Madera 100% 188,475

PNE-21 Detail 2 Pipe Ave 18 From Rd 28 to Rd 28 1/2 12 New 2,675 49 131,113 131,113 150,780 188,475 FY 2041 - 2050 Northeast Madera 100% 188,475

PNE-22 Detail 2 Pipe Rd 28 1/2 From Ave 18 to Ave 17 1/2 12 New 2,700 49 132,338 132,338 152,189 190,236 FY 2041 - 2050 Northeast Madera 100% 190,236

PNE-23 Detail 2 Pipe Rd 28 1/2 From Ave 17 1/2 to Ave 17 12 New 2,625 49 128,662 128,662 147,962 184,952 FY 2041 - 2050 Northeast Madera 100% 184,952

Subtotal - Expansion Improvements-
Northwest Quadrant



Table ES.3   Capital Improvement Program
Water System Master Plan
City of Madera

Itemized Cost Estimate Suggested Cost 
Allocation Cost Sharing

Other Baseline Estimated Land Capital

Improvement Detail Sheet Type of Unit Pipe Infrastr. Constr. Constr. Acquisition Improv. Existing Future Existing Future 

 Number Improv. Street Limits Diam. Length Cost1 Cost Costs Cost1 Cost1,2 Cost4 Cost1,2,3,4 Users Users Users Users

(in) (ft) ($) ($) ($) ($) ($) ($) ($) ($) ($)

Parallel / Replace 
/ New

Pipeline and Appurtenances Costs
Suggested 

Phasing
Village

PNE-24 Detail 2 Pipe Rd 28 1/2 From Ave 17 to Oregon Ave 30 New 760 175 133,108 133,108 153,074 191,343 FY 2031 -  2035 Northeast Madera 100% 191,343

PNE-25 Detail 2 Pipe Rd 28 1/2 From Oregon Ave to Arizona Ave 30 New 860 175 150,622 150,622 173,215 216,519 FY 2031 -  2035 Northeast Madera 100% 216,519

PNE-26 Detail 2 Pipe Rd 28 1/2 From Arizona Ave to Harper Blvd 30 New 980 175 171,639 171,639 197,385 246,731 FY 2031 -  2035 Northeast Madera 100% 246,731

PNE-27 Detail 2 Pipe Rd 28 1/2 From Harper Blvd to Ellis St 30 New 860 175 150,622 150,622 173,215 216,519 FY 2031 -  2035 Northeast Madera 100% 216,519

PNE-28 Detail 2 Pipe Rd 28 1/2 From Ellis St to Raymond Rd 30 New 570 175 99,831 99,831 114,806 143,507 FY 2031 -  2035 Northeast Madera 100% 143,507

PNE-29 Detail 2 Pipe BNSF Bridge Fresno River Crossing 30 New 1,025 175 179,520 179,520 206,449 258,061 FY 2031 -  2035 Northeast Madera/ 
N/A 100% 258,061

PNE-30 Detail 2 Pipe Oregon Ave From Rd 28 1/2 to Tuolumne St 8 New 2,000 36 72,341 72,341 83,192 103,990 FY 2036 - 2040 Northeast Madera 100% 103,990

PNE-31 Detail 2 Pipe Arizona Ave From Rd 28 1/2 to Tuolumne St 8 New 2,000 36 72,341 72,341 83,192 103,990 FY 2036 - 2040 Northeast Madera 100% 103,990

PNE-32 Detail 2 Pipe Oregon Ave From Tuolumne St to Harper Blvd 8 New 900 36 32,553 32,553 37,436 46,796 FY 2036 - 2040 Northeast Madera 100% 46,796

PNE-33 Detail 2 Pipe Harper Blvd From Oregon Ave to Arizona Ave 8 New 1,250 36 45,213 45,213 51,995 64,994 FY 2036 - 2040 Northeast Madera 100% 64,994

PNE-34 Detail 2 Pipe Tuolumne St From Oregon Ave to Arizona Ave 8 New 860 36 31,107 31,107 35,773 44,716 FY 2036 - 2040 Northeast Madera 100% 44,716

PNE-35 Detail 2 Pipe Harper Blvd From Arizona Ave to Rd 28 1/2 8 New 2,425 36 87,713 87,713 100,870 126,088 FY 2036 - 2040 Northeast Madera 100% 126,088

PNE-36 Detail 2 Pipe Ellis St From Chapin St to Rd 28 1/2 12 New 3,750 49 183,803 183,803 211,374 264,217 FY 2036 - 2040 Central Madera/ 
Northeast Madera 100% 264,217

PNE-37 Detail 2 Casing5,6 Ellis St Crossing under railroad 32 New 200 640 128,000 128,000 147,200 184,000 FY 2036 - 2040 Central Madera/ 
Northeast Madera 100% 184,000

PNE-38 Detail 2 Pipe Ave 16 From Chapin St to Raymond Rd 12 New 1,525 49 74,747 74,747 85,959 107,448 FY 2036 - 2040 Central Madera 100% 107,448

PNE-39 Detail 2 Pipe Raymond Rd From Ave 16 to Rd 28 1/2 12 New 2,575 49 126,212 126,212 145,143 181,429 FY 2036 - 2040 Central Madera/ 
Northeast Madera 100% 181,429

PNE-40 Detail 2 Casing5,6 Raymond Rd Crossing under railroad 32 New 200 640 128,000 128,000 147,200 184,000 FY 2041 - 2050 Central Madera/ 
Northeast Madera 100% 184,000

PNE-41 Detail 2 Pipe Ave 17 From Rd 28 1/2 to Rd 29 12 New 2,650 49 129,888 129,888 149,371 186,713 FY 2041 - 2050 Northeast Madera 100% 186,713

PNE-42 Detail 2 Pipe Ave 17 From Rd 29 to the Fresno River 12 New 1,725 49 84,549 84,549 97,232 121,540 FY 2041 - 2050 Northeast Madera 100% 121,540

PNE-43 Detail 2 Pipe Raymond Rd ext From Rd 28 1/2  jogging to Rd 29 12 New 5,925 49 290,409 290,409 333,970 417,463 FY 2041 - 2050 Northeast Madera 100% 417,463

PNE-44 Detail 2 Pipe Rd 29 From Raymond Rd ext to Ave 17 12 New 1,600 49 78,423 78,423 90,186 112,733 FY 2041 - 2050 Northeast Madera 100% 112,733

PNE-45 Detail 2 Pipe Hwy 145 From Storey Rd to Azure Dr 12 New 2,125 49 104,155 104,155 119,778 149,723 FY 2016 - 2020 Downtown 100% 149,723

PNE-46 Detail 2 Pipe Hwy 145 From Azure Dr to Indigo Dr 12 New 890 49 43,623 43,623 50,166 62,708 FY 2016 - 2020 Downtown 100% 62,708

PNE-47 Detail 2 Pipe Hwy 145 From Indigo Dr to BNSF Rail crossing 12 New 2,500 49 122,535 122,535 140,916 176,145 FY 2036 - 2040 Downtown/ N/A 100% 176,145

PNE-48 Detail 2 Pipe Hwy 145 From BNSF Rail crossing to Rd 29 30 New 2,300 175 402,826 402,826 463,250 579,063 FY 2031 -  2035 N/A 100% 579,063

PNE-49 Detail 2 Casing5,6 Hwy 145 Crossing under MID main canal 50 New 200 1,000 200,000 200,000 230,000 287,500 FY 2031 -  2035 N/A 100% 287,500

PNE-50 Detail 2 Pipe Hwy 145 From Rd 29 to Rd 400 24 New 6,000 140 840,681 840,681 966,783 1,208,479 FY 2041 - 2050 N/A 100% 1,208,479

PNE-51 Detail 2 Pipe Hwy 145 From Rd 400 to Rio Plaza Rd 24 New 2,075 140 290,736 290,736 334,346 417,932 FY 2041 - 2050 N/A 100% 417,932

PNE-52 Detail 2 Pipe Hwy 145 From Rio Plaza Rd to Rd 30 1/2 24 New 800 140 112,091 112,091 128,904 161,131 FY 2041 - 2050 N/A 100% 161,131

PNE-53 Detail 2 Pipe Hwy 145 From Rd 30 1/2 to Rd 31 18 New 2,450 84 205,904 205,904 236,790 295,987 FY 2041 - 2050 N/A 100% 295,987

PNE-54 Detail 2 Pipe Hwy 145 From Rd 31 to El Dorado Dr 12 New 180 49 8,823 8,823 10,146 12,682 FY 2041 - 2050 N/A 100% 12,682

PNE-55 Detail 2 Pipe Hwy 145 From El Dorado Dr to El Camino Rd 12 New 1,700 49 83,324 83,324 95,823 119,778 FY 2041 - 2050 N/A 100% 119,778

PNE-56 Detail 2 Pipe Rd 400 From Hwy 145 to Rio Plaza Rd 12 New 2,200 49 107,831 107,831 124,006 155,007 FY 2041 - 2050 N/A 100% 155,007

PNE-57 Detail 2 Pipe Rd 400 From Rio Plaza Rd to El Camino Rd 12 New 5,900 49 289,184 289,184 332,561 415,702 FY 2041 - 2050 N/A 100% 415,702

PNE-58 Detail 2 Pipe Rio Plaza Rd From Rd 400 to Hwy145 8 New 890 36 32,192 32,192 37,020 46,276 FY 2041 - 2050 N/A 100% 46,276

PNE-59 Detail 2 Pipe El Dorado Dr From Hwy 145 to El Camino Rd 8 New 3,350 36 121,171 121,171 139,347 174,183 FY 2041 - 2050 N/A 100% 174,183

PNE-60 Detail 2 Pipe El Camino Rd From Hwy 145 to El Dorado Dr 12 New 2,000 49 98,028 98,028 112,733 140,916 FY 2041 - 2050 N/A 100% 140,916

PNE-61 Detail 2 Pipe El Camino Rd From El Dorado Dr to Rd 400 12 New 600 49 29,409 29,409 33,820 42,275 FY 2041 - 2050 N/A 100% 42,275

PNE-62 Detail 2 Pipe Rd 30 1/2 From Hwy 145 to James Ave 12 New 1,950 49 95,578 95,578 109,914 137,393 FY 2041 - 2050 N/A 100% 137,393

PNE-63 Detail 2 Pipe James Ave From Rd 30 1/2 to Rd 31 12 New 2,350 49 115,183 115,183 132,461 165,576 FY 2041 - 2050 N/A 100% 165,576

PNE-64 Detail 2 Pipe Rd 31 From Hwy 145 to Ave 17 12 New 480 49 23,527 23,527 27,056 33,820 FY 2041 - 2050 N/A 100% 33,820

PNE-65 Detail 2 Pipe Rd 31 From Ave 17 to James Ave 12 New 2,125 49 104,155 104,155 119,778 149,723 FY 2041 - 2050 N/A 100% 149,723

PNE-66 Detail 2 Pipe Ave 17 From Rd 31 to Ida Rd 12 New 2,100 49 102,930 102,930 118,369 147,962 FY 2041 - 2050 N/A 100% 147,962

PNE-67 Detail 2 Pipe James Ave From Rd 31 to Ida Rd 12 New 2,100 49 102,930 102,930 118,369 147,962 FY 2041 - 2050 N/A 100% 147,962

PNE-68 Detail 2 Pipe Ida Rd From Ave 17 to James Ave 12 New 2,100 49 102,930 102,930 118,369 147,962 FY 2041 - 2050 N/A 100% 147,962

PNE-69 Detail 2 Pipe Rd 29 From Hwy 145 to Ave 15 1/2 18 New 4,400 84 369,787 369,787 425,255 531,569 FY 2031 -  2035 N/A 100% 531,569

PNE-70 Detail 2 Casing5,6 Rd 29 Crossing under railroad 38 New 200 760 152,000 152,000 174,800 218,500 FY 2031 -  2035 N/A 100% 218,500

PNE-71 Detail 2 Pipe Ave 15 1/2 From approx 230 ft e/o Emerald Dr to Rd 28 1/2 12 New 1,350 49 66,169 66,169 76,095 95,118 FY 2031 -  2035 Parksdale 100% 95,118

PNE-72 Detail 2 Casing5,6 Ave 15 1/2 Crossing under Main Canal (MID) 32 New 200 640 128,000 128,000 147,200 184,000 FY 2031 -  2035 Parksdale 100% 184,000

PNE-73 Detail 2 Pipe Ave 15 1/2 From Rd 28 1/2 to Rd 29 12 New 2,600 49 127,437 127,437 146,552 183,191 FY 2031 -  2035 Parksdale/ N/A 100% 183,191

PNE-74 Detail 2 Pipe Tozer St From Clinton Ave to Ave 15 12 New 1,525 49 74,747 74,747 85,959 107,448 FY 2021 - 2025 Downtown/ Parksdale 100% 107,448

PNE-75 Detail 2 Pipe Rd 28 1/2 From Ave 15 1/2 to Ave 15 12 New 2,700 49 132,338 132,338 152,189 190,236 FY 2036 - 2040 Parksdale 100% 190,236



Table ES.3   Capital Improvement Program
Water System Master Plan
City of Madera

Itemized Cost Estimate Suggested Cost 
Allocation Cost Sharing

Other Baseline Estimated Land Capital

Improvement Detail Sheet Type of Unit Pipe Infrastr. Constr. Constr. Acquisition Improv. Existing Future Existing Future 

 Number Improv. Street Limits Diam. Length Cost1 Cost Costs Cost1 Cost1,2 Cost4 Cost1,2,3,4 Users Users Users Users
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/ New

Pipeline and Appurtenances Costs
Suggested 
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Village

PNE-76 Detail 2 Pipe Rd 29 From Ave 15 1/2 to Ave 15 18 New 2,700 84 226,915 226,915 260,952 326,190 FY 2031 -  2035 N/A 100% 326,190

PNE-77 Detail 2 Pipe Ave 15 From Rd 28 to Rd 28 1/2 12 New 2,650 49 129,888 129,888 149,371 186,713 FY 2036 - 2040 Parksdale 100% 186,713

PNE-78 Detail 2 Pipe Ave 15 From Rd 28 1/2 to Rd 29 12 New 2,650 49 129,888 129,888 149,371 186,713 FY 2036 - 2040 Parksdale/ N/A 100% 186,713

PNE-79 Detail 2 Casing5,6 Ave 15 Crossing under Main Canal (MID) 32 New 200 640 128,000 128,000 147,200 184,000 FY 2036 - 2040 100% 184,000

PNE-80 Detail 2 Pipe Ave 15 From Rd 29 to railroad 12 New 2,100 49 102,930 102,930 118,369 147,962 FY 2041 - 2050 N/A 100% 147,962

17,612,515 0 17,612,515

Expansion Improvements - Southwest Quadrant

PSW-1 Detail 3 Pipe Ave 14 1/2 From Rd 23 to Rd 23 1/2 18 New 2,625 84 220,612 220,612 264,734 330,918 FY 2031 -  2035 West Madera 100% 330,918

PSW-2 Detail 3 Pipe Ave 14 1/2 From Rd 23 1/2 to Rd 24 12 New 2,625 49 128,662 128,662 154,395 192,993 FY 2031 -  2035 West Madera 100% 192,993

PSW-3 Detail 3 Pipe Ave 14 1/2 From Rd 24 to Caitlan Dr 12 New 680 49 33,330 33,330 39,996 49,994 FY 2031 -  2035 West Madera 100% 49,994

PSW-4 Detail 3 Pipe Rd 23 1/2 From Ave 14 1/2 to Ave 14 18 New 2,700 84 226,915 226,915 272,298 340,372 FY 2036 - 2040 West Madera 100% 340,372

PSW-5 Detail 3 Pipe Rd 24 From Ave 14 1/2 to Ave 14 8 New 2,700 36 97,660 97,660 117,192 146,490 FY 2041 - 2050 West Madera 100% 146,490

PSW-6 Detail 3 Pipe Ave 14 From Rd 23 1/2 to Rd 24 12 New 2,625 49 128,662 128,662 154,395 192,993 FY 2041 - 2050 West Madera 100% 192,993

PSW-7 Detail 3 Pipe Ave 14 From Rd 24 to approx 150 ft w/o Asilomar Dr 12 New 650 49 31,859 31,859 38,231 47,789 FY 2041 - 2050 West Madera 100% 47,789

PSW-8 Detail 3 Pipe Rd 23 1/2 From Ave 14 to Ave 13 1/2 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2036 - 2040 West Madera 100% 334,069

PSW-9 Detail 3 Pipe Rd 24 From Ave 14 to Ave 13 1/2 8 New 2,650 36 95,852 95,852 115,022 143,778 FY 2041 - 2050 West Madera 100% 143,778

PSW-10 Detail 3 Pipe Rd 24 1/2 From Howard Rd to Ave 13 3/4 12 New 1,275 49 62,493 62,493 74,992 93,740 FY 2013 - 2015 West Madera 100% 93,740

PSW-11 Detail 3 Pipe Ave 13 1/2 From Rd 23 1/2 to Rd 24 12 New 2,625 49 128,662 128,662 154,395 192,993 FY 2036 - 2040 West Madera 100% 192,993

PSW-12 Detail 3 Pipe Ave 13 1/2 From Rd 24 to Rd 24 1/2 12 New 2,675 49 131,113 131,113 157,336 196,669 FY 2036 - 2040 West Madera 100% 196,669

PSW-13 Detail 3 Pipe Rd 23 1/2 From Ave 13 1/2 to Ave 13 18 New 2,600 84 218,511 218,511 262,213 327,766 FY 2036 - 2040 West Madera 100% 327,766

PSW-14 Detail 3 Pipe Rd 24 From Ave 13 1/2 to Ave 13 8 New 2,600 36 94,043 94,043 112,852 141,065 FY 2041 - 2050 West Madera 100% 141,065

PSW-15 Detail 3 Pipe Rd 24 1/2 From Ave 13 1/2 to Ave 13 12 New 2,600 49 127,437 127,437 152,924 191,155 FY 2016 - 2020 West Madera 100% 191,155

PSW-16 Detail 3 Pipe Ave 13 From Rd 23 1/2 to Rd 24 18 New 2,625 84 220,612 220,612 264,734 330,918 FY 2036 - 2040 West Madera 100% 330,918

PSW-17 Detail 3 Pipe Ave 13 From Rd 24 to Rd 24 1/2 12 New 2,675 49 131,113 131,113 157,336 196,669 FY 2036 - 2040 West Madera 100% 196,669

PSW-18 Detail 3 Pipe Rd 24 From Ave 13 to Ave 12 1/2 18 New 2,675 84 224,814 224,814 269,777 337,221 FY 2036 - 2040 N/A 100% 337,221

PSW-19 Detail 3 Pipe Rd 24 1/2 From Ave 13 to Ave 12 1/2 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSW-20 Detail 3 Casing5,6 Rd 24 1/2 Crossing under railroad 32 New 200 640 128,000 128,000 153,600 192,000 FY 2041 - 2050 N/A 100% 192,000

PSW-21 Detail 3 Pipe Rd 24 1/2 From Ave 12 1/2 to Ave 12 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSW-22 Detail 3 Pipe Ave 12 1/2 From Rd 23 1/2 to Rd 24 12 New 2,625 49 128,662 128,662 154,395 192,993 FY 2041 - 2050 N/A 100% 192,993

PSW-23 Detail 3 Pipe Ave 12 From Rd 23 1/2 to Rd 24 12 New 2,625 49 128,662 128,662 154,395 192,993 FY 2041 - 2050 N/A 100% 192,993

PSW-24 Detail 3 Pipe Rd 24 From Ave 12 1/2 to Ave 12 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2036 - 2040 N/A 100% 334,069

PSW-25 Detail 3 Pipe Ave 12 1/2 From Rd 24 to Rd 24 1/2 12 New 2,675 49 131,113 131,113 157,336 196,669 FY 2041 - 2050 N/A 100% 196,669

PSW-26 Detail 3 Pipe Ave 12 From Rd 24 to Rd 24 1/2 18 New 2,675 84 224,814 224,814 269,777 337,221 FY 2036 - 2040 N/A 100% 337,221

PSW-27 Detail 3 Pipe Rd 23 1/2 From Ave 12 1/2 to Ave 12 12 New 2,675 49 131,113 131,113 157,336 196,669 FY 2041 - 2050 N/A 100% 196,669

PSW-28 Detail 3 Pipe Ave 12 1/2 From Rd 24 1/2 to Rd 25 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSW-29 Detail 3 Pipe Ave 12 From Rd 24 1/2 to Rd 25 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2036 - 2040 N/A 100% 334,069

PSW-30 Detail 3 Pipe Rd 25 From Pecan Ave to Ave 12 1/2 12 New 2,675 49 131,113 131,113 157,336 196,669 FY 2036 - 2040 N/A 100% 196,669

PSW-31 Detail 3 Casing5,6 Rd 25 Crossing under railroad 32 New 200 640 128,000 128,000 153,600 192,000 FY 2036 - 2040 N/A 100% 192,000

PSW-32 Detail 3 Pipe Rd 25 From Ave 12 1/2 to Ave 12 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2036 - 2040 N/A 100% 194,831

PSW-33 Detail 3 Pipe Pecan Ave From Commerce Dr to Schnoor Ave 12 New 1,300 49 63,718 63,718 76,462 95,578 FY 2021 - 2025 N/A 100% 95,578

PSW-34 Detail 3 Pipe Ave 12 1/2 From Rd 25 to Rd 25 1/2 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSW-35 Detail 3 Pipe Ave 12 From Rd 25 to Rd 25 1/2 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2036 - 2040 N/A 100% 334,069

PSW-36 Detail 3 Pipe Schnoor Ave From Almond Ave to Pecan Ave 12 New 2,600 49 127,437 127,437 152,924 191,155 FY 2021 - 2025 N/A 100% 191,155

PSW-37 Detail 3 Casing5,6 Schnoor Ave Crossing under railroad 32 New 200 640 128,000 128,000 153,600 192,000 FY 2021 - 2025 N/A 100% 192,000

PSW-38 Detail 3 Pipe Rd 25 1/2 From Ave 13 to Ave 12 1/2 12 New 2,675 49 131,113 131,113 157,336 196,669 FY 2041 - 2050 N/A 100% 196,669

PSW-39 Detail 3 Pipe Rd 25 1/2 From Ave 12 1/2 to Ave 12 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSW-40 Detail 3 Pipe Pecan Ave From Rd 25 1/2 to Pine St 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2021 - 2025 N/A 100% 194,831

PSW-41 Detail 3 Pipe Ave 12 1/2 From Rd 25 1/2 to Rd 26 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSW-42 Detail 3 Pipe Ave 12 From Rd 25 1/2 to Rd 26 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2036 - 2040 N/A 100% 334,069

Subtotal - Expansion Improvements-
Northeast Quadrant



Table ES.3   Capital Improvement Program
Water System Master Plan
City of Madera
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PSW-43 Detail 3 Pipe Rd 26 From approx 1,050 ft n/o Ave 12 1/2 to Ave 12 1/2 12 New 1,050 49 51,465 51,465 61,758 77,197 FY 2036 - 2040 N/A 100% 77,197

PSW-44 Detail 3 Pipe Rd 26 From Ave 12 1/2 to Ave 12 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2036 - 2040 Parkwood 100% 194,831

PSW-45 Detail 3 Pipe Almond Ave From Pine St to Stadium Rd 12 New 2,600 49 127,437 127,437 152,924 191,155 FY 2013 - 2015 Parkwood/ N/A 50% 50% 95,578 95,578

PSW-46 Detail 3 Pipe Ave 12 1/2 From Rd 26 to Rd 26 1/2 12 New 2,600 49 127,437 127,437 152,924 191,155 FY 2041 - 2050 Parkwood 100% 191,155

PSW-47 Detail 3 Pipe Ave 12 From Rd 26 to Rd 26 1/2 18 New 2,600 84 218,511 218,511 262,213 327,766 FY 2036 - 2040 Parkwood 100% 327,766

PSW-48 Detail 3 Pipe Rd 26 1/2 From approx 1,050 ft n/o Ave 12 1/2 to Ave 12 1/2 12 New 1,050 49 51,465 51,465 61,758 77,197 FY 2041 - 2050 Parkwood 100% 77,197

PSW-49 Detail 3 Pipe Rd 26 1/2 From Ave 12 1/2 to Ave 12 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 Parkwood 100% 194,831

PSW-50 Detail 3 Pipe Pecan Ave From approx 480 ft w/o Monterey St to Monterey St 12 New 480 49 23,527 23,527 28,232 35,290 FY 2013 - 2015 Parkwood 30% 70% 10,587 24,703

PSW-51 Detail 3 Pipe Ave 12 1/2 From Rd 26 1/2 to Hwy 145 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 Parkwood 100% 194,831

PSW-52 Detail 3 Pipe Ave 12 From Rd 26 1/2 to Hwy 145 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2026 - 2030 Parkwood 100% 334,069

10,873,466 106,165 10,767,301

Expansion Improvements - Southeast Quadrant

PSE-1 Detail 4 Pipe Hwy 145 From Pecan Ave to Ave 12 1/2 12 New 2,675 49 131,113 131,113 157,336 196,669 FY 2026 - 2030 Parkwood 100% 196,669

PSE-2 Detail 4 Pipe Hwy 145 From Ave 12 1/2 to Ave 12 12 New 2,600 49 127,437 127,437 152,924 191,155 FY 2026 - 2030 Parkwood 100% 191,155

PSE-3 Detail 4 Pipe Pecan Ave From Madera Ave to approx 760 ft e/o Madera Ave 12 New 760 49 37,251 37,251 44,701 55,876 FY 2013 - 2015 Parkwood 90% 10% 50,289 5,588

PSE-4 Detail 4 Pipe Ave 12 From Hwy 145 to Rd 27 1/2 18 New 2,700 84 226,915 226,915 272,298 340,372 FY 2026 - 2030 Parkwood 100% 340,372

PSE-5 Detail 4 Pipe Rd 27 1/2 From Ave 12 to Burges Rd 12 New 2,100 49 102,930 102,930 123,516 154,395 FY 2031 -  2035 Parkwood 100% 154,395

PSE-6 Detail 4 Pipe Ave 12 From Rd 27 1/2 to Rd 28 1/4 18 New 3,900 84 327,766 327,766 393,319 491,649 FY 2026 - 2030 Parkwood 100% 491,649

PSE-7 Detail 4 Pipe Pecan Ave From approx 1,150 ft w/o Rd 28 1/4 to Rd 28 1/4 12 New 1,150 49 56,366 56,366 67,640 84,549 FY 2013 - 2015 Parkwood 100% 84,549

PSE-8 Detail 4 Pipe Rd 28 1/4 From Ave 12 to Ave 13 12 New 6,100 49 298,987 298,987 358,784 448,480 FY 2031 -  2035 Parkwood 100% 448,480

PSE-9 Detail 4 Pipe Ave 12 From Rd 28 1/4 to Goldern State Blvd 24 New 2,750 140 385,312 385,312 462,375 577,968 FY 2026 - 2030 Parkwood 100% 577,968

PSE-10 Detail 4 Casing5,6 Ave 12 Crossing under SR-99 44 New 300 880 264,000 264,000 316,800 396,000 FY 2026 - 2030 Parkwood 100% 396,000

PSE-11 Detail 4 Pipe Ave 12 From Golden State Blvd to Rd 29 24 New 1,300 140 182,148 182,148 218,577 273,221 FY 2026 - 2030 Parkwood/ 
Community College 100% 273,221

PSE-12 Detail 4 Pipe Golden State Blvd From approx 750 ft s/e of Ave 13 1/2 to Ave 13 12 New 2,450 49 120,085 120,085 144,102 180,127 FY 2013 - 2015 Parkwood 100% 180,127

PSE-13 Detail 4 Pipe Ave 13 From Rd 28 to Rd 28 1/4 12 New 1,775 49 87,000 87,000 104,400 130,500 FY 2013 - 2015 Parkwood/ 
Community College 100% 130,500

PSE-14 Detail 4 Casing5,6 Ave 13 Casing under Hwy 99 32 New 300 640 192,000 192,000 230,400 288,000 FY 2041 - 2050 Parkwood/ 
Community College 100% 288,000

PSE-15 Detail 4 Pipe Ave 13 From Rd 28 1/4 to Rd 28 1/2 12 New 1,150 49 56,366 56,366 67,640 84,549 FY 2026 - 2030 Community College 100% 84,549

PSE-16 Detail 4 Pipe Rd 28 From Knox St to Ave 13 12 New 2,175 49 106,606 106,606 127,927 159,909 FY 2026 - 2030 Parksdale 100% 159,909

PSE-17 Detail 4 Pipe Ave 13 1/2 From Rd 28 to Rd 28 1/2 8 New 2,650 36 95,852 95,852 115,022 143,778 FY 2036 - 2040 Parksdale 100% 143,778

PSE-18 Detail 4 Pipe Ave 14 1/2 From Rd 28 to Rd 28 1/2 8 New 2,650 36 95,852 95,852 115,022 143,778 FY 2036 - 2040 Parksdale 100% 143,778

PSE-19 Detail 4 Pipe Rd 28 From Ave 15 to Ave 14 1/2 12 New 2,175 49 106,606 106,606 127,927 159,909 FY 2021 - 2025 Parksdale 100% 159,909

PSE-20 Detail 4 Pipe Rd 28 1/2 From Ave 15 to Ave 14 1/2 8 New 2,625 36 94,947 94,947 113,937 142,421 FY 2036 - 2040 Parksdale 100% 142,421

PSE-21 Detail 4 Pipe Rd 28 1/2 From Ave 14 1/2 to Ave 14 8 New 2,650 36 95,852 95,852 115,022 143,778 FY 2036 - 2040 Parksdale 100% 143,778

PSE-22 Detail 4 Pipe Rd 28 1/2 From Ave 14 to Ave 13 1/2 8 New 2,650 36 95,852 95,852 115,022 143,778 FY 2036 - 2040 Parksdale 100% 143,778

PSE-23 Detail 4 Pipe Rd 28 1/2 From Ave 13 1/2 to Ave 13 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2036 - 2040 Parksdale 100% 194,831

PSE-24 Detail 4 Pipe Rd 28 1/2 From Ave 13 to Ave 12 1/2 12 New 2,100 49 102,930 102,930 123,516 154,395 FY 2036 - 2040 Community College 100% 154,395

PSE-25 Detail 4 Pipe Ave 14 1/2 From Rd 28 1/2 to Rd 29 8 New 2,650 36 95,852 95,852 115,022 143,778 FY 2036 - 2040 Parksdale 100% 143,778

PSE-26 Detail 4 Pipe Ave 14 From Rd 28 1/2 to Rd 29 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2036 - 2040 Parksdale 100% 194,831

PSE-27 Detail 4 Pipe Ave 13 1/2 From Rd 28 1/2 to Rd 29 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2036 - 2040 Parksdale 100% 194,831

PSE-28 Detail 4 Pipe Ave 13 From Rd 28 1/2 to Rd 29 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2026 - 2030 Community College 100% 194,831

PSE-29 Detail 4 Pipe Ave 12 1/2 From Rd 28 1/2 to Rd 29 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2036 - 2040 Community College 100% 194,831

PSE-30 Detail 4 Pipe Rd 29 From Ave 15 to Ave 14 1/2 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2031 -  2035 Parksdale/ N/A 100% 334,069

PSE-31 Detail 4 Casing5,6 Rd 29 Crossing under Main Canal (MID) 38 New 200 760 152,000 152,000 182,400 228,000 FY 2031 -  2035 Parksdale/ N/A 100% 228,000

PSE-32 Detail 4 Pipe Rd 29 From Ave 14 1/2 to Ave 14 20 New 2,650 112 297,026 297,026 356,431 445,538 FY 2031 -  2035 Parksdale 100% 445,538

PSE-33 Detail 4 Pipe Rd 29 From Ave 14 to Ave 13 1/2 24 New 2,625 140 367,798 367,798 441,358 551,697 FY 2031 -  2035 Parksdale 100% 551,697

PSE-34 Detail 4 Pipe Rd 29 From Ave 13 1/2 to Ave 13 24 New 2,650 140 371,301 371,301 445,561 556,951 FY 2031 -  2035 Parksdale 100% 556,951

PSE-35 Detail 4 Pipe Rd 29 From Ave 13 to Ave 12 1/2 24 New 2,250 140 315,255 315,255 378,307 472,883 FY 2041 - 2050 Community College 100% 472,883

PSE-36 Detail 4 Pipe Rd 29 From Ave 12 1/2 to Ave 12 24 New 2,950 140 413,335 413,335 496,002 620,002 FY 2041 - 2050 Community College 100% 620,002

PSE-37 Detail 4 Pipe Rd 29 From Ave 13 to Ave 12 24 New 5,500 140 770,624 770,624 924,749 1,155,937 FY 2026 - 2030 Parksdale/ 
Community College 100% 1,155,937

Subtotal - Expansion Improvements-
Southwest Quadrant



Table ES.3   Capital Improvement Program
Water System Master Plan
City of Madera

Itemized Cost Estimate Suggested Cost 
Allocation Cost Sharing

Other Baseline Estimated Land Capital

Improvement Detail Sheet Type of Unit Pipe Infrastr. Constr. Constr. Acquisition Improv. Existing Future Existing Future 

 Number Improv. Street Limits Diam. Length Cost1 Cost Costs Cost1 Cost1,2 Cost4 Cost1,2,3,4 Users Users Users Users

(in) (ft) ($) ($) ($) ($) ($) ($) ($) ($) ($)

Parallel / Replace 
/ New

Pipeline and Appurtenances Costs
Suggested 

Phasing
Village

PSE-38 Detail 4 Pipe Ave 14 1/2 From Rd 29 to Rd 29 1/2 12 New 2,725 49 133,564 133,564 160,276 200,346 FY 2041 - 2050 Parksdale/ N/A 100% 200,346

PSE-39 Detail 4 Casing5,6 Ave 14 1/2 Crossing under Main Canal (MID) 32 New 200 640 128,000 128,000 153,600 192,000 FY 2041 - 2050 Parksdale/ N/A 100% 192,000

PSE-40 Detail 4 Pipe Ave 14 From Rd 29 to Rd 29 1/2 12 New 2,725 49 133,564 133,564 160,276 200,346 FY 2041 - 2050 Parksdale/ N/A 100% 200,346

PSE-41 Detail 4 Casing5,6 Ave 14 Crossing under Main Canal (MID) 32 New 200 640 128,000 128,000 153,600 192,000 FY 2041 - 2050 Parksdale/ N/A 100% 192,000

PSE-42 Detail 4 Pipe Ave 13 1/2 From Rd 29 to Rd 29 1/2 8 New 2,725 36 98,564 98,564 118,277 147,847 FY 2041 - 2050 Parksdale 100% 147,847

PSE-43 Detail 4 Pipe Ave 13 From Rd 29 to Rd 29 1/2 18 New 2,725 84 229,016 229,016 274,819 343,524 FY 2041 - 2050 Community College 100% 343,524

PSE-44 Detail 4 Pipe Ave 12 1/2 From Rd 29 to Rd 29 1/2 8 New 2,725 36 98,564 98,564 118,277 147,847 FY 2041 - 2050 Community College 100% 147,847

PSE-45 Detail 4 Pipe Ave 12 From Rd 29 to Rd 29 3/4 18 New 3,825 84 321,463 321,463 385,755 482,194 FY 2041 - 2050 Community College 100% 482,194

PSE-46 Detail 4 Casing5,6 Ave 12 Crossing under Cottonwood Creek 38 New 200 760 152,000 152,000 182,400 228,000 FY 2041 - 2050 Community College 100% 228,000

PSE-47 Detail 4 Pipe Rd 29 1/2 From Ave 14 1/2 to Ave 14 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSE-48 Detail 4 Pipe Ave 14 From Rd 29 1/2 to approx 500 ft e/o Rd 29 1/2 12 New 500 49 24,507 24,507 29,409 36,761 FY 2041 - 2050 N/A 100% 36,761

PSE-49 Detail 4 Pipe Ave 14 From approx 500 ft e/o Rd 29 1/2 to Rd 30 12 New 2,070 49 101,459 101,459 121,751 152,189 FY 2041 - 2050 N/A 100% 152,189

PSE-50 Detail 4 Pipe Approx 500 ft e/o Rd 29 1/2 From Ave 14 to Ave 13 1/2 12 New 2,625 49 128,662 128,662 154,395 192,993 FY 2041 - 2050 N/A 100% 192,993

PSE-51 Detail 4 Pipe Rd 30 From Ave 14 to Ave 13 1/2 12 New 2,625 49 128,662 128,662 154,395 192,993 FY 2041 - 2050 N/A 100% 192,993

PSE-52 Detail 4 Pipe Ave 13 1/2 From Rd 29 1/2 to approx 500 ft e/o Rd 29 1/2 8 New 520 36 18,809 18,809 22,570 28,213 FY 2041 - 2050 Parksdale/ N/A 100% 28,213

PSE-53 Detail 4 Casing5,6 Ave 13 1/2 Crossing under Main Canal (MID) 28 New 520 560 291,200 291,200 349,440 436,800 FY 2041 - 2050 Parksdale/ N/A 100% 436,800

PSE-54 Detail 4 Pipe Ave 13 1/2 From approx 500 ft e/o Rd 29 1/2 to Rd 30 12 New 2,050 49 100,479 100,479 120,575 150,719 FY 2041 - 2050 N/A 100% 150,719

PSE-55 Detail 4 Pipe Rd 29 1/2 From Ave 13 1/2 to Ave 13 8 New 2,650 36 95,852 95,852 115,022 143,778 FY 2041 - 2050 Parksdale 100% 143,778

PSE-56 Detail 4 Pipe Rd 30 From Ave 13 1/2 to Ave 13 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSE-57 Detail 4 Pipe Ave 13 From Rd 29 1/2 to Rd 30 18 New 5,675 84 476,942 476,942 572,330 715,412 FY 2041 - 2050 Community College 100% 715,412

PSE-58 Detail 4 Casing5,6 Ave 13 Crossing under Cottonwood Creek 38 New 200 760 152,000 152,000 182,400 228,000 FY 2041 - 2050 Community College 100% 228,000

PSE-59 Detail 4 Pipe Ave 13 From Rd 30 to Rd 30 1/2 18 New 2,250 84 189,096 189,096 226,915 283,644 FY 2041 - 2050 Community College 100% 283,644

PSE-60 Detail 4 Pipe Ave 13 From Ave 30 1/2 to Ave 31 18 New 2,675 84 224,814 224,814 269,777 337,221 FY 2041 - 2050 Community College/ 
N/A 100% 337,221

PSE-61 Detail 4 Casing5,6 Ave 13 Crossing under railroad 38 New 200 760 152,000 152,000 182,400 228,000 FY 2041 - 2050 Community College/ 
N/A 100% 228,000

PSE-62 Detail 4 Pipe Rd 29 1/2 From Ave 13 to Ave 12 1/2 8 New 2,275 36 82,288 82,288 98,745 123,432 FY 2041 - 2050 Community College 100% 123,432

PSE-63 Detail 4 Pipe Rd 30 From Ave 13 to Ave 12 1/2 12 New 2,750 49 134,789 134,789 161,747 202,184 FY 2041 - 2050 Community College 100% 202,184

PSE-64 Detail 4 Pipe Rd 30 1/2 From Ave 13 to Ave 12 1/2 12 New 2,750 49 134,789 134,789 161,747 202,184 FY 2041 - 2050 Community College 100% 202,184

PSE-65 Detail 4 Pipe Rd 31 From Ave 13 to railroad 18 New 1,525 84 128,165 128,165 153,798 192,247 FY 2041 - 2050 Community College/ 
N/A 100% 192,247

PSE-66 Detail 4 Casing5,6 Rd 31 Crossing under railroad 38 New 200 760 152,000 152,000 182,400 228,000 FY 2041 - 2050 Community College/ 
N/A 100% 228,000

PSE-67 Detail 4 Pipe Rd 31 From railroad to Ave 12 18 New 3,775 84 317,261 317,261 380,713 475,891 FY 2041 - 2050 Community College 100% 475,891

PSE-68 Detail 4 Pipe Ave 12 From Rd 29 3/4 to Rd 30 18 New 1,650 84 138,670 138,670 166,404 208,005 FY 2041 - 2050 Community College 100% 208,005

PSE-69 Detail 4 Pipe Rd 29 3/4 From Ave 12 to Ave 12 1/4 8 New 1,300 36 47,022 47,022 56,426 70,532 FY 2041 - 2050 Community College 100% 70,532

PSE-70 Detail 4 Pipe Ave 12 1/4 From Rd 29 3/4 to Rd 30 8 New 1,650 36 59,681 59,681 71,617 89,522 FY 2041 - 2050 Community College 100% 89,522

PSE-71 Detail 4 Pipe Rd 30 From Ave 12 1/2 to Ave 12 1/4 12 New 1,225 49 60,042 60,042 72,051 90,064 FY 2041 - 2050 Community College 100% 90,064

PSE-72 Detail 4 Pipe Rd 30 From Ave 12 1/4 to Ave 12 12 New 1,300 49 63,718 63,718 76,462 95,578 FY 2041 - 2050 Community College 100% 95,578

PSE-73 Detail 4 Pipe Ave 12 From Rd 30 to Rd 30 1/2 18 New 2,600 84 218,511 218,511 262,213 327,766 FY 2041 - 2050 Community College 100% 327,766

PSE-74 Detail 4 Pipe Rd 30 1/2 From Ave 12 1/2 to Ave 12 12 New 2,500 49 122,535 122,535 147,043 183,803 FY 2041 - 2050 Community College 100% 183,803

PSE-75 Detail 4 Pipe Ave 12 From Rd 30 1/2 to Rd 31 18 New 2,725 84 229,016 229,016 274,819 343,524 FY 2041 - 2050 Community College 100% 343,524

PSE-76 Detail 4 Pipe Ave 12 From Rd 31 to railroad 12 New 2,700 49 132,338 132,338 158,806 198,507 FY 2041 - 2050 Community College 100% 198,507

19,249,997 50,289 19,199,708

Improvements - Storage Reservoirs7 (MG) $/gallon

T-1 Detail 2 Tank North Madera Ave 17 and Rd 27 6.75 New 0.84 5,636,781 5,636,781 6,764,137 100,000 8,580,171 FY 2016 - 2020 Central Madera 100% 8,580,171

T-2 Detail 4 Tank Southeast Madera Ave 13 and Rd 29 6.75 New 0.84 5,636,781 5,636,781 6,764,137 100,000 8,580,171 FY 2026 - 2030 Parksdale 100% 8,580,171

17,160,342 0 17,160,342

Improvements - Pump Stations7

PS-1 Detail 2 Pump North Madera Ave 17 and Rd 27 (Phase 1) 2 x 4300 gpm New 4,024,651 4,024,651 4,829,581 20,000 6,061,976 FY 2016 - 2020 Central Madera 100% 6,061,976

PS-2 Detail 4 Pump Southeast Madera Ave 17 and Rd 27 (Phase 2) 2 x 4300 gpm New 2,683,101 2,683,101 3,219,721 4,024,651 FY 2021 - 2025 Parksdale 100% 4,024,651

PS-3 Detail 2 Pump North Madera Ave 13 and Rd 29 (Phase 1) 2 x 4000 gpm New 3,809,879 3,809,879 4,571,855 20,000 5,739,818 FY 2026 - 2030 Central Madera 100% 5,739,818

PS-4 Detail 4 Pump Southeast Madera Ave 13 and Rd 29 (Phase 2) 2 x 4000 gpm New 2,539,919 2,539,919 3,047,903 3,809,879 FY 2031 - 2035 Parksdale 100% 3,809,879

Subtotal - Expansion Improvements-
Southeast Quadrant

Subtotal - Expansion Improvements-
Storage Reservoirs
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Itemized Cost Estimate Suggested Cost 
Allocation Cost Sharing

Other Baseline Estimated Land Capital

Improvement Detail Sheet Type of Unit Pipe Infrastr. Constr. Constr. Acquisition Improv. Existing Future Existing Future 
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/ New
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19,636,325 0 19,636,325

Improvements - Groundwater Wells7,8 (gpm)

GW-1 Detail 3 Well Well No. 22 Pump Upgrade - Replace 250,000 250,000 300,000 375,000 FY 2021 - 2025 West Madera 100% 375,000

GW-2 Detail 2 Well Well No. 35 Ellis St approx 970 ft w/o Chapin St 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2013 - 2015 Central Madera 100% 0% 2,011,000

GW-3 Detail 2 Well Well No. 36 Hwy 145 and Indigo Dr 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2021 - 2025 Downtown 6% 94% 120,660 1,890,340

GW-4 Detail 1 Well Well No. 37 Granada Dr and Beechwood Wy 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2013 - 2015 Northwest Madera 100% 2,011,000

GW-5 Detail 4 Well New Well Ave 13 and Rd 28 1/2 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2036 - 2040 Community College 100% 2,011,000

GW-6 Detail 4 Well New Well Ave 12 1/2 and Rd 28 1/2 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2041 - 2050 Community College 100% 2,011,000

GW-7 Detail 4 Well New Well Ave 13 1/2 and Rd 28 1/2 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2036 - 2040 Parksdale 100% 2,011,000

GW-8 Detail 4 Well New Well Ave 13 and Rd 29 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2036 - 2040 Community College 100% 2,011,000

GW-9 Detail 4 Well New Well Almond Ave and Madera Ave 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2031 -  2035 Parkwood 100% 2,011,000

GW-10 Detail 4 Well New Well Ave 13 and Madera Ave 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2031 -  2035 Parkwood 100% 2,011,000

GW-11 Detail 3 Well New Well Almond Ave and Stadium Rd 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2031 -  2035 Parkwood 100% 2,011,000

GW-12 Detail 3 Well New Well Almond Ave and Rd 24 1/2 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2021 - 2025 West Madera 100% 2,011,000

GW-13 Detail 3 Well New Well Ave 13 and Rd 23 1/2 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2036 - 2040 West Madera 100% 2,011,000

GW-14 Detail 3 Well New Well Ave 13 1/2 and Rd 23 1/2 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2036 - 2040 West Madera 100% 2,011,000

GW-15 Detail 1 Well New Well Cleveland Ave and Rd 24 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2031 -  2035 Northwest Madera 100% 2,011,000

GW-16 Detail 1 Well New Well Ave 16 and Rd 24 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2036 - 2040 Northwest Madera 100% 2,011,000

GW-17 Detail 1 Well New Well Future River Rd and Rd 23 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2021 - 2025 Northwest Madera 100% 2,011,000

GW-18 Detail 1 Well New Well Ave 16 and Rd 23 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2021 - 2025 Northwest Madera 100% 2,011,000

GW-19 Detail 1 Well New Well Ave 16 and Rd 22 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2041 - 2045 Northwest Madera 100% 2,011,000

GW-20 Detail 1 Well New Well Future River Rd and Rd 22 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2041 - 2045 Northwest Madera 100% 2,011,000

GW-21 Detail 1 Well New Well Ave 17 and Rd 22 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2041 - 2045 Northwest Madera 100% 2,011,000

GW-22 Detail 1 Well New Well Ave 17 and Rd 23 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2026 - 2030 Northwest Madera 100% 2,011,000

GW-23 Detail 1 Well New Well Ave 18 and Rd 23 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2046 - 2050 Airport North 100% 2,011,000

GW-24 Detail 1 Well New Well Sharon Rd approx 600 ft s/o Schmidt Creek Wy 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2046 - 2050 N/A 100% 2,011,000

GEN-1 Generator Geneator 8 x Generator 8 New 800,000 800,000 960,000 1,200,000 Varies9 100% 1,200,000

TMT-1 Treatment Well Treatment 2 x Treatment 2 New 600,000 600,000 720,000 900,000 Varies9 100% 900,000

48,728,000 2,131,660 46,596,340

Capital Improvement Summary

148,240,331 2,472,666 145,767,665

8/12/2014

Subtotal - Expansion Improvements-
Pump Stations

Subtotal - Expansion Improvements-
Groundwater Wells

Note:
1.  Unit Costs were escalated from the 1997 Master Plan (ENR 20-City Average CCI 5726), and reflect an ENR 20-City Average CCI of 9545 (August 2013) and are mixed based on responsibility of public vs 
private.
2.  Baseline construction costs plus 20% to account for unforeseen events and unknown conditions.
3.  Estimated construction cost plus 25% to cover other costs including: engineering design, project administration (developer and City staff), construction management and inspection, and legal costs.
4.  A land acquisition fee for the construction of storage reservoirs and pump station was assumed based on recent land acquisitions. 
 It was generally assumed that storage reservoirs will require 2.5 to 3 acres, and pump station will require 0.5 acre. Where available, actual land acquisition costs were used. 
5.  Proposed casings size assumed at 20-inches larger than carrier pipe.
6.  Casing costs are estimated at $20/in/LF and include the carrier pipe.
7.  Tank and pump station pricing can vary widely with site conditions.
8.  For cost estimating purposes, and under the direction of City staff, groundwater wells were assumed to have a general capacity of 1,500 gpm.
9.  Per City staff, 1 generator for every three wells, and 1 well treatment for every 10 wells.

City-Wide Total
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1.0 CHAPTER 1 - INTRODUCTION 
This chapter provides a brief background of the City’s domestic water system, the need for this 
master plan, and the objectives of the study.  Abbreviations and definitions are also provided in 
this chapter.  

1.1 BACKGROUND 
The City of Madera is located approximately 70 miles southeast of the City of Modesto, 15 miles 
southeast of the City of Chowchilla, and 22 miles northwest of the City of Fresno (Figure 1.1). The 
City of Madera (City) provides potable water service to approximately 62,000 residents, as well as 
a myriad of commercial, industrial, and institutional establishments. The City operates a domestic 
water distribution system that consists of 19 groundwater wells, a one million gallon elevated 
storage tank, and over 187 miles of distribution pipelines.  

In 1997, the City of Madera developed a Water System Master Plan that identified capacity 
deficiencies in the existing water system and recommended improvements to alleviate existing 
deficiencies and serve future developments in the Madera Planning Area.  

Recognizing the importance of planning, developing, and financing system facilities to provide 
reliable water service to existing customers and for servicing anticipated growth within the Madera 
Planning Area, the City initiated updating elements of the 1997 Water System Master Plan, to 
reflect current land use conditions. 

1.2 SCOPE OF WORK 
City Council approved Akel Engineering Group Inc. to prepare this master plan in January of 
2011. This 2014 Water System Master Plan (WSMP) is intended to serve as a tool for planning 
and phasing the construction of future domestic water system infrastructure for the projected 
buildout of the City of Madera. The 2014 WSMP evaluates the City’s water system and 
recommends capacity improvements necessary to service the needs of existing users and for 
servicing the future growth of the City. 

The Planning Area and horizon for the master plan is stipulated in the City’s General Plan. Should 
planning conditions change, and depending on their magnitude, adjustments to the master plan 
recommendations might be necessary. 

This master plan included the following tasks: 

• Summarizing the City’s existing domestic water system facilities  

• Documenting growth planning assumptions and known future developments 

• Updating the domestic water system performance criteria 
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• Projecting future domestic water demands    

• Updating and calibrating a new hydraulic model using Geographic Information Systems 
(GIS) data 

• Evaluating the domestic water facilities to meet existing and projected demand 
requirements and fire flows 

• Evaluating the existing groundwater conditions 

• Performing a capacity analysis for major distribution mains 

• Performing a fire flow analysis 

• Recommending a capital improvement program (CIP) with an opinion of probable costs 

• Performing a capacity allocation analysis for cost sharing purposes 

• Developing a 2014 Water System Master Plan report 

1.3 INTEGRATED APPROACH TO MASTER PLANNING 
The City implemented an integrated master planning approach and contracted the services of 
Akel Engineering Group to prepare the following documents: 

• Water System Master Plan 

• Sanitary Sewer System Master Plan 

• Storm Drainage System Master Plan 

• Recycled Water Feasibility Study 

While each of these reports is published as a standalone document, they have been coordinated 
for consistency with the City’s General Plan.  Additionally, each document has been cross 
referenced to reflect relevant analysis results with the other documents. 

1.4 PREVIOUS MASTER PLANS 
The City’s most recent water master plan was completed in 1997.  This master plan included an 
evaluation of servicing growth to the planning area boundary, evaluated existing demands and 
projected future demands, evaluated groundwater conditions and management, and 
recommended phased improvements to the water system for a horizon year of 2020. 

1.5 RELEVANT REPORTS 
The City has completed several special studies intended to evaluate localized growth. These 
reports were referenced and used during this capacity analysis. The following lists relevant reports 
that were used in the completion of this master plan, as well as a brief description of each 
document: 
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• Water System Master Plan, February 1997 (1997WSMP).  This report documents the 
planning and performance criteria, evaluates the water system, recommends 
improvements, and provides an estimate of costs. 

• City of Madera Draft Specific Plan #1 “Airport Area” Infrastructure Master Plan (2010 
Airport Plan).  This report was drafted in February of 2010 to master plan the airport area 
and relevant infrastructure necessary to accommodate potential growth.  This report 
included sizing and pipeline alignments for the water system, and provided a basis for 
projected future water infrastructure improvements in the area. 

• Sharon Boulevard Plan Line Alignment Alternatives for Water, Sanitary Sewer, and Storm 
Drain Facilities Planning (2010 Sharon Boulevard Report).  This final draft report was 
completed in September 2010, and contained proposed improvements for the Sharon 
Boulevard area, and included water system improvements.  This report was referenced 
during the preparation of this master plan for potential pipeline improvements. 

• Studies for Wells 34 and 35.These reports document the need for constructing new wells 
in the City of Madera, and evaluate the immediate need for Wells 34, 35, 36, and 37.  This 
report was referenced during the supply evaluation of this master plan. 

• City of Madera General Plan, October 2009 (General Plan).The City’s General Plan 
provides future land use planning and growth assumptions for the Planning Area.  
Additionally, this report establishes the planning horizon for improvements in this master 
plan. 

1.6 REPORT ORGANIZATION 
The water system master plan report contains the following chapters: 

Chapter 1 - Introduction. This chapter provides a brief background of the City’s domestic water 
system, the need for this master plan, and the objectives of the study.  Abbreviations and 
definitions are also provided in this chapter.  

Chapter 2 - Planning Areas Characteristics.  This chapter presents a discussion of the planning 
area characteristics for this master plan and defines the land use classifications.  The planning 
area is divided into several planning sub-areas, as established by the City’s planning division.   

Chapter 3 - Existing Domestic Water Facilities. This chapter provides a description of the City’s 
existing domestic water system facilities including the distribution mains, a storage reservoir, and 
the existing wells.   

Chapter 4 - System Performance and Design Criteria. This chapter presents the City’s 
performance and design criteria, which was used in this analysis for identifying current system 
capacity deficiencies and for sizing proposed distribution mains, storage reservoirs, and wells.       
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Chapter 5 - Water Demands and Supply Characteristics. This chapter summarizes 
groundwater quality, existing domestic water demands, identifies the recycled water demands, 
and projects the future domestic water demands.      

Chapter 6 - Hydraulic Model Development. This chapter describes the development and 
calibration of the City’s domestic water distribution system hydraulic model.  The hydraulic model 
was used to evaluate the capacity adequacy of the existing system and to plan its expansion to 
service anticipated future growth. 

Chapter 7 - Evaluation and Proposed Improvements. This section presents a summary of the 
domestic water system evaluation and identifies improvements needed to mitigate existing 
deficiencies, as well as improvements needed to expand the system and service growth. 

Chapter 8- Capital Improvement Program. This chapter provides a summary of the 
recommended domestic water system improvements to mitigate existing capacity deficiencies and 
to accommodate anticipated future growth. The chapter also presents the cost criteria and 
methodologies for developing the capital improvement program.  Finally, a capacity allocation 
analysis, usually used for cost sharing purposes, is also included. 

1.7 ACKNOWLEDGEMENTS 
Obtaining the necessary information to successfully complete the analysis presented in this 
report, and developing the long term strategy for mitigating the existing system deficiencies and 
for accommodating future growth, was accomplished with the strong commitment and very active 
input from dedicated team members including: 

• Dave Merchen, Community Development Director 

• Keith Helmuth, City Engineer 

• Dave Randall, Director of Public Works 

• Ellen Bitter, Project Development Coordinator 

• Eric Portnoff, Engineering Technician 

• Ehab Ibrahim, Engineering Technician 

• Jose Aguilar, Deputy City Engineer 

• Danny Martin, Water & Sewer Operations Manager 

• Bob Mack, Streets Operations Manager 

• Matt Bullis, Former Public Works Director 
As part of the preparation of this Water System Master Plan, MWH Americas prepared 
memorandums for water supply and water quality regulations.  Additionally, Kenneth D. Schmidt 
and Associates prepared memorandums on groundwater quality and groundwater overdraft.  
MWH Americas and Kenneth D. Schmidt and Associates were valuable partners in the 
preparation of this master plan. 
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1.8 UNIT CONVERSIONS AND ABBREVIATIONS 
Engineering units were used in reporting flow rates and volumes pertaining to the design and 
operation of various components of the domestic water distribution system.  Where it was 
necessary to report values in smaller or larger quantities, different sets of units were used to 
describe the same parameter. Values reported in one set of units can be converted to another set 
of units by applying a multiplication factor. A list of multiplication factors for units used in this 
report is shown on Table 1.1.  

Various abbreviations and acronyms were also used in this report to represent relevant water 
system terminologies and engineering units.  A list of abbreviations and acronyms is included in 
Table 1.2. 

1.9 GEOGRAPHIC INFORMATION SYSTEMS 
This master planning effort made extensive use of Geographic Information Systems (GIS) 
technology, for completing the following tasks: 

• Developing the physical characteristics of the hydraulic model (pipes and junctions, wells, 
and storage reservoirs)  

• Allocating existing water demands, as extracted from the water billing records, and based 
on each user’s physical address.   

• Calculating and allocating future water demands, based on future developments water use 

• Extracting ground elevations along the distribution mains from available contour maps 

• Generating maps and exhibits used in this master plan 
 

  



Table 1.1   Unit Conversions
  Water System Master Plan
  City of Madera

Volume Unit Calculations
To Convert From: To: Multiply by:

acre feet gallons 325,851

acre feet cubic feet 43,560

acre feet million gallons 0.3259

cubic feet gallons 7.481

cubic feet acre feet 2.296 x 10-5

cubic feet million gallons 7.481 x 10-6

gallons cubic feet 0.1337

gallons acre feet 3.069 x 10-6

gallons million gallons 1 x 10-6

million gallons gallons 1,000,000

million gallons cubic feet 133,672

million gallons acre feet 3.069

Flow Rate Calculations
To Convert From: To: Multiply By:

ac-ft/yr mgd 8.93 x 10-4

ac-ft/yr cfs 1.381 x 10-3

ac-ft/yr gpm 0.621

ac-ft/yr gpd 892.7

cfs mgd 0.646

cfs gpm 448.8

cfs ac-ft/yr 724

cfs gpd 646300

gpd mgd 1 x 10-6

gpd cfs 1.547 x 10-6

gpd gpm

gpd ac-ft/yr 1.12 x 10-3

gpm mgd 1.44 x 10-3

gpm cfs 2.228 x 10-3

gpm ac-ft/yr 1.61

gpm gpd 1,440

mgd cfs 1.547

mgd gpm 694.4

mgd ac-ft/yr 1,120

mgd gpd 1,000,000
6/12/2013



Table 1.2   Abbreviations and Acronyms
 Water System Master Plan
 City of Madera

Abbreviation Expansion Abbreviation Expansion

1997 WSMP 1997 Water System Master Plan HWL high water level

AACE International
Association for the Advancement of Cost 
Engineering

in inch

AC acre KDSA Kenneth D. Schmidt and Associates

ACP Asbestos Cement Pipe LF linear feet

ADD average day demand MCL Maximum Contamination Level

Akel Akel Engineering Group, Inc. MDD maximum day demand

CCI Construction Cost Index MG million gallons

CDPH California Department of Public Health MGD million gallons per day

cfs cubic feet per second MMD maximum month demand

CI cast iron pipe NFPA National Fire Protection Association

CIB Capital Improvement Budget OEHHA
Office of Environmental Health Hazard 
Assesment

CIP Capital Improvement Program PHD peak hour demand

City City of Madera PHG public health goals

DBCP Dibromochloropropane PRV pressure reducing valve

DIP Ductile Iron Pipe PWSS Public Water System Statistics

DU dwelling unit psi pounds per square inch

EDB Ethylene Dibromide ROW Right of Way

EDU equivalent dwelling unit SCADA
Supervisory Control and Data 
Acquisition

ENR Engineering News Record SOI Sphere of Influence

EPA Environmental Protection Agency TBD to be determined

EPS Extended Period Simulation TCP Trichloropropane

ft feet ULL Urban Limit Line

fps feet per second UWMP Urban Water Management Plan

FY Fiscal Year WSMP Water System Master Plan

GIS Geographic Information Systems CDP Census Designated Place

gpd gallons per day

gpdc gallons per day per capita

gpm gallons per minute

HGL hydraulic grade line

hp horsepower

6/12/2013
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2.0 CHAPTER 2 - PLANNING AREA CHARACTERISTICS 
This chapter presents a discussion of the planning area characteristics for this master plan and 
defines the land use classifications.  The planning area is divided into several planning sub-areas, 
as established by the City’s planning division.   

2.1 STUDY AREA DESCRIPTION 
The City of Madera is located in Madera County in the central part of California known as the San 
Joaquin Valley, approximately 33 miles west of the geographic center of California.  The City of 
Madera serves as the county seat and is located approximately 140 miles southeast of the City of 
Sacramento and 220 miles northwest of the City of Los Angeles. State Route 99 runs in a north-
south direction and the Fresno River runs in an east-west direction, dividing the City into four 
quadrants. The City Limits currently encompass 15.8 square miles, with an approximate 
population of 62,000 residents. 

The City of Madera is generally bound to the north by Avenue 17, to the east by Road 28, to the 
west by Road 24, and to the south by Avenue 12. The City has several small creeks to the north 
and south of the City Limits, and the Fresno River bisects the City from the east.  The topography 
is generally flat, with very low slope from east to west. There are three unincorporated, Census 
Designated Places (CDP) to the north, south, and east of the City respectively: Madera Acres, 
Parkwood, and Parksdale.  Figure 2.1 displays the planning area showing City Limits, the Urban 
Growth Boundary of the City, the Planning Area, and the Census Designated Places. 

The City operates and maintains a domestic water system that covers the majority of the area 
within the City Limits.  Currently, the water demands are provided from groundwater wells located 
throughout the City. 

2.2 WATER SERVICE AREA AND LAND USE 
The City of Madera’s water system services residential and non-residential lands within the City 
limits, as summarized on Table 2.1.  This service area includes: 

• 7,730 acres of developed lands inside the City limits. 

• 1,921 acres of undeveloped lands inside the City limits. 

The existing land use statistics were based on the most recent assessor’s parcel map, as shown 
on Figure 2.2.  
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Table 2.1  Existing and Future Water Service Areas
   Water System Master Plan
   City of Madera

Existing Service Area
(City Limits)

Currently Serviced by Others
(Outside City Limits) Planning Area Boundary2

Developed Undeveloped Madera Acres1 Parkwood Parksdale
Excluding Madera 

Acres
Including Madera 

Acres

(gross acres) (gross acres) (gross acres) (gross acres) (gross acres) (gross acres) (gross acres)

Residential
Very Low Density Residential 2,478 349 3,183 5,661

Low Density Residential 673 133 28 6,533 7,206

Subtotal - Single Family Residential 2,995 881 3,151 133 377 9,716 12,867

Med Density Residential 142 34 41 1,805 1,947

High Density Residential 31 44 387 418

Subtotal - Multi-Family Residential 272 21 173 34 85 2,192 2,365

Subtotal - Residential 3,268 902 3,324 167 461 11,908 15,232

Non-Residential
Commercial 82 7 1,660 1,742

Office 247 247

Industrial 523 226 90 4,745 4,834

Neighborhood Mixed Use 0 9 54 63

Village Mixed Use 0 37 37

Public / Semi Public3 410 13 13 0.7 13 567 580

Village Reserve 0 777 272 5,015 5,792

Subtotal 1,850 710 971 279 13 12,324 13,295

Other (Demand Generating)
Landscape Irrigation 1,276 159 1,276 1,435

Subtotal 1,276 159 1,276 1,435

Other (Non-Demand Generating)
Open Space 12 41 1,881 1,881

Resouce Conservation / Ag 1,021 151 177 6 34,828 35,005

Other4 303 117 24 457 481

Subtotal 1,337 308 201 0 6 37,166 37,367

Total 7,730 1,921 4,656 446 481 62,673 67,329
Notes: 6/12/2013

1.  Madera Acres is partially serviced by Madera Valley Water Company, with the balance served by private wells.  Very small portions may be serviced by the City, however, the impact to the system is limited and were excluded from the analysis.
2.  Total Planning Area includes the City's 2025 UGB, as well as Resource Conservation / Ag land uses.
3.  Existing Public/Semi-Public land use includes parks and schools.  Approximately 199 acres are considered to be institutional.
4.  Other includes areas designated for Highway 99.

272

917

Land Use Classification 

2,995 881

21

471
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There are three census designated places in the Planning Area located outside the current City 
limits. These areas, which consist of Parkwood, Parksdale, and Madera Acres are generally not 
serviced by the City’s domestic water system, and are described as follows: 

• Parkwood – The Parkwood CDP is located near the south-east corner of the City of 
Madera in Madera County just south of Avenue 13 and west of State Highway 99. The 
Parkwood area encompasses approximately 446 acres. 

• Parksdale (County Service Area 3) – The Parksdale CDP, also known as County 
Service Area No. 3 (CSA 3), is located in Madera County on the south-east corner of the 
City of Madera, just east of State Highway 99 and north of Avenue 13. The Parksdale area 
encompasses approximately 481 acres with 283 developed acres and 198 undeveloped 
acres.  

• Madera Acres – The Madera Acres CDP is north of the City of Madera on the east side of 
State Highway 99 in Madera County. Madera Acres consists of approximately 4,656 acres. 
Madera Acres is partially serviced by Madera Valley Water Company, with the balance 
served by private wells.  Very small portions may be serviced by the City; however, the 
impact to the system is limited and was consequently excluded from the analysis. 

At ultimate development of the General Plan, the City’s water system is anticipated to service 
approximately 11,908 acres of residential land use, 12,324 acres of non-residential land use, and 
38,442 of non-demand generating land use, for a total of 62,673 acres inside the Planning Area, 
not including Madera Acres (Table 2.1).The land use designations utilized in this master plan are 
consistent with the Land Use Element of the City’s General Plan, and as received from the City’s 
planning division and shown on Figure 2.3.   

2.3 VILLAGES AND DISTRICTS 
The General Plan has defined Village and District boundaries, and for consistency, this master 
plan will use the same naming convention and boundaries. Figure 2.4 shows the Villages and 
Districts as defined by the City of Madera and a brief description of each is given as follows: 

Village A – North Madera: This area includes most of Madera Acres and is located north of 
Avenue 17 in the north central portion of the Planning Area. The land use in this area consists of 
approximately 4,313 total acres is typically considered rural with large single family residential 
lots.  

Village B – Northeast Madera: The Northeast Madera Village is located on the northeast side of 
the Burlington Northern Santa Fe Railroad Tracks with the Fresno River creating the southern 
border.  This village contains 1,301 acres and approximately one-third of the area has been 
developed as low density residential units. 

Village C – Central Madera: The Central Madera Village is located south of Avenue 17 with the 
Fresno River creating the southeast border. This village contains approximately 2,556 acres and  
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half of the area has been developed with residential and small retail developments. One-third of 
this village is within the City Limits. 

Village D – Northwest Madera: The Northwest Madera Village is located north of the Fresno 
River in the northwest portion of the Planning Area just south of the Airport. This village contains 
2,763 acres with most of the area being undeveloped. One-third of the village is located within the 
City Limits.  

Village E – West Madera: The West Madera Village is located south of the Fresno River in the 
west central portion of the Planning Area. This village contains approximately 3,041 acres, with 
most of the areas within the City Limits being developed, while the area outside of the City Limits 
is less developed. 

District F – Downtown District: The Downtown District is located in the Historic center of 
Madera, with the north-western boundary being the Fresno River and the south-western boundary 
being State Route 99. This District contains approximately 1,160 acres, with most of the area 
being developed and within the City Limits. The only undeveloped area is near the northeast 
corner along State Route 145. This district contains a mixture of residential and light commercial, 
along with some industrial land use along the rail corridor. 

Village G – Parksdale: The Parksdale Village is located north of Avenue 13 and State Highway 
99, with the eastern border being an irrigation canal. This village contains approximately 2,414 
acres, with most of the area being undeveloped. About one-fourth of this village is within the City 
Limits. 

Village H – Parkwood: The Parkwood Village is located southwest of State Route 99 and north of 
Avenue 13 ¼ in the southern portion of the Planning Area. This village contains approximately 
3,148 acres, with a little more than half of the area being within the City Limits. 

Village I – Community College: The Community College Village is located south of Avenue 13, 
east of State Route 99, and west of the Burlington Northern Santa Fe Railroad Tracks in the 
southeast portion of the Planning Area. This Village contains approximately 2,161 acres and is 
located entirely outside of the City Limits. 

District J – Airport North District: The Airport North District is located south of State Route 99 
and north of the Madera Airport. This District contains 433 acres and is outside of the City Limits. 

2.4 HISTORICAL AND FUTURE GROWTH 
Projected population was developed through residential land use designations and projected 
population densities based on land use. Though historical populations were used in understanding 
the domestic water consumption behaviors and trends, population forecasts are presented for 
informational purposes only.   
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Estimates of future domestic water demands were not based on population, but rather on gross 
acreage for residential and non-residential land uses.  Future population was used as a means for 
estimating the planning horizon of the wastewater system. 

The City’s historical and projected population data are presented in Table 2.2. The historical 
information was extracted from the previous master plan and California Department of Finance 
documents.  Table 2.2 documents the historical population from 1990 to 2010 and the projected 
population by year to the buildout planning horizon of 2047. The Madera Planning Area population 
has seen steady growth over the last 20 years resulting with an annual increase of 3.5%. 
Continuing this growth trend projects the population of the general plan area to increase from 
61,416 to 252,039 people.   



Table 2.2   Historical and Projected Population
Water System Master Plan
City of Madera

Historical Population1 Projected Population

Year Population Percent 
Increase Year

Population 
(excluding 

Madera Acres)

Madera 
Acres

Percent 
Increase

Total Population 
within Planning 

Area

(%) (%)

1990 29,281 - 2010 61,416 9,163

1991 30,157 3.0% 2011 63,566 9,484 3.5% 73,049

1992 32,504 7.8% 2012 65,790 9,816 3.5% 75,606

1993 33,862 4.2% 2013 68,093 10,159 3.5% 78,252

1994 35,504 4.8% 2014 70,476 10,515 3.5% 80,991

1995 36,557 3.0% 2015 72,943 10,883 3.5% 83,826

1996 37,753 3.3% 2016 75,496 11,264 3.5% 86,760

1997 39,276 4.0% 2017 78,138 11,658 3.5% 89,796

1998 40,518 3.2% 2018 80,873 12,066 3.5% 92,939

1999 41,424 2.2% 2019 83,704 12,488 3.5% 96,192

2000 43,205 4.3% 2020 86,633 12,925 3.5% 99,559

2001 44,565 3.1% 2021 89,666 13,378 3.5% 103,043

2002 46,066 3.4% 2022 92,804 13,846 3.5% 106,650

2003 47,939 4.1% 2023 96,052 14,331 3.5% 110,382

2004 49,691 3.7% 2024 99,414 14,832 3.5% 114,246

2005 51,735 4.1% 2025 102,893 15,351 3.5% 118,244

2006 53,928 4.2% 2026 106,494 15,889 3.5% 122,383

2007 57,181 6.0% 2027 110,222 16,445 3.5% 126,666

2008 58,767 2.8% 2028 114,080 17,020 3.5% 131,100

2009 59,868 1.9% 2029 118,072 17,616 3.5% 135,688

2010 61,416 2.6% 2030 122,205 18,232 3.5% 140,437

2031 126,482 18,871 3.5% 145,353

 Historical Averages 2032 130,909 19,531 3.5% 150,440

(%) 2033 135,491 20,215 3.5% 155,705

Last 3 years 2.4% 2034 140,233 20,922 3.5% 161,155

Last 5 years 3.5% 2035 145,141 21,654 3.5% 166,795

Last 10 years 3.6% 2036 150,221 22,412 3.5% 172,633

Last 15 years 3.5% 2037 155,479 23,197 3.5% 178,675

Last 20 years 3.8% 2038 160,920 24,009 3.5% 184,929

2039 166,553 24,849 3.5% 191,402

2040 172,382 25,719 3.5% 198,101

2041 178,415 26,619 3.5% 205,034

2042 184,660 27,550 3.5% 212,210

2043 191,123 28,515 3.5% 219,638

2044 197,812 29,513 3.5% 227,325

2045 204,736 30,546 3.5% 235,281

2046 211,902 31,615 3.5% 243,516

2047 219,318 32,721 3.5% 252,039

2048 226,994 33,867 3.5% 260,861

2049 234,939 35,052 3.5% 269,991

2050 243,162 36,279 3.5% 279,441
Notes: 6/12/2013

1.  Source: California Department of Finance estimates E-4.
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3.0 CHAPTER 3 - SYSTEM PERFORMANCE AND DESIGN CRITERIA 
This chapter presents the City’s performance and design criteria, which was used in this analysis 
for identifying current system capacity deficiencies and for sizing proposed distribution mains, 
storage reservoirs, and wells.      

3.1 HISTORICAL WATER USE TRENDS 
The historical domestic water consumption per capita was calculated to determine the average 
water use per capita per day. This was accomplished by dividing the City’s historical water 
production, from City Public Water System Statistics reports and the previous master plan, by the 
historical population for the respective year.  

The City’s historical per capita consumption factors, for the period 1990-2010, are listed in Table 
3.1.  The City’s per capita consumption has generally decreased since 1990, being reduced by 
approximately 40%.  This trend is largely attributed to the City’s effort of implementing water 
conservation measures, and the recent completion of City-wide water service meter installation.  
Table 3.2 lists the last three years of monthly water production in the City of Madera.   

This master plan did not use the per capita consumption factor to project future domestic water 
demands, as was the case for the 1997 WSMP.  Instead, this master plan forecasts domestic 
water demands for residential and non-residential land uses based on gross acreages.  However, 
to generalize trends in the City’s water use, per capita water use was documented.  Figure 3.1 
displays the historical population in relation to average daily water production.  Figure 3.2 
displays a comparison in the per capita water use and average daily water production.      

3.2 SUPPLY CRITERIA 
In determining the adequacy of the domestic water supply facilities, the source must be large 
enough to meet the varying water demand conditions, as well as provide sufficient water during 
potential emergencies such as power outages and natural or created disasters.   

Ideally, a water distribution system should be operated at a constant water supply rate with 
consistent supply from the water source.  On the day of maximum demand, it is desirable to 
maintain a water supply rate equal to the maximum day rate.  Water required for peak hour 
demands or for fire flows would come from storage. 

As the City is currently using groundwater wells as a sole source of supply, groundwater should 
be viewed as a sustainable resource.  With little available existing storage in the system to supply 
during peak period usage, supply wells should be capable of meeting peak hour demand, 
including a 2,000 gallon per minute (gpm) standby capacity.  Future system supply improvements 
should be sized to meet the peak hour demand, including a 2,000 gpm standby for the west side 
of the Madera Planning Area, in addition to meeting the maximum day supply requirement of the  
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Table 3.1   Historical Annual Water Production and Maximum Day Peaking Factors
 Water System Master Plan
 City of Madera

Average3 Maximum2 Month of 
Occur.

Max-to-Avg 
Ratio Average4 Maximum 

Max-to-Avg 
Ratio

(AF) (MGY) (gpm) (MGM) (MGM) (MGD) (MGD) (gpdc)

1990 29,281 23% 9,812 3,197 6,083 266 497 August 1.87 8.8 299

1991 30,157 3% 9,483 3,090 5,879 -3% 258 390 July 1.51 8.5 281

1992 32,504 8% 9,517 3,101 5,900 0% 258 408 August 1.58 8.5 261

1993 33,862 4% 10,057 3,277 6,235 6% 273 457 July 1.67 9.0 265

1994 35,504 5% 10,990 3,581 6,814 9% 298 496 July 1.66 9.8 276

1995 36,557 3% 10,260 3,343 6,361 -7% 279 463 August 1.66 9.2 251

1996 37,753 3% 11,314 3,687 7,014 10% 307 July 10.1 268

1997 39,276 4% 11,650 3,796 7,223 3% 316 July 10.4 265

1998 40,518 3% 10,866 3,541 6,736 -7% 295 August 9.7 239

1999 41,424 2% 12,156 3,961 7,536 12% 330 July 10.9 262

2000 43,205 4% 11,834 3,856 7,337 -3% 321 523 August 1.63 10.6 245

2001 44,565 3% 11,210 3,653 6,950 -5% 304 466 July 1.53 10.0 225

2002 46,066 3% 11,869 3,867 7,358 6% 322 529 July 1.64 10.6 230

2003 47,939 4% 12,474 4,064 7,733 5% 339 571 July 1.69 11.1 232

2004 49,691 4% 12,887 4,199 7,989 3% 350 554 July 1.58 11.5 232

2005 51,735 4% 12,819 4,177 7,947 -1% 348 583 July 1.68 11.4 21.1 1.84 221

2006 53,928 4% 13,166 4,290 8,163 3% 358 634 July 1.77 11.8 23.1 1.97 218

2007 57,181 6% 14,050 4,578 8,711 7% 382 586 July 1.54 12.5 21.5 1.72 219

2008 58,767 3% 13,901 4,530 8,618 -1% 377 576 July 1.52 12.4 21.4 1.73 211

2009 59,868 2% 13,270 4,324 8,227 -5% 360 581 August 1.61 11.8 20.9 1.76 198

2010 61,416 3% 11,900 3,877 7,377 -10% 323 552 July 1.71 10.6 19.5 1.84 173

Historical Maximum Peaking Factors
7-Year Maximum (2004-2010) 14,050 4,578 8,711 7% 382 634.035 1.77 12.5 23.113 1.97 232

5-Year Maximum (2006-2010) 14,050 4,578 8,711 7% 382 634.035 1.77 12.5 23.113 1.97 219

3-Year Maximum (2008-2010) 13,901 4,530 8,618 -1% 377 580.832 1.71 12.4 21.414 1.84 211

Last Year's Maximum (2010) 11,900 3,877 7,377 -10% 323 552.279 1.71 10.6 19.512 1.84 173

Recommended Maximum Day Demand Peaking Factor

1997 Water System Master Plan Criteria 1.80 2.30

2011 Water Supply and Storage Capacity 1.75 2.00
Notes: 6/12/2013

1. Source: California Department of Finance E-4 Historical Population Estimates for City, County, and the State, 1991-2000.

2. Source: California Department of Finance E-4 Population Estimates for Cities, Counties, and the State, 2001-2010 with 2000 & 2010 Census Counts.

3. Source: 2000-2010: City of Madera PWSS reports; 1990-1995: 1997 Water System Master Plan; 1996-1999: City of Madera 2010 UWMP Table 3.7. 

4. Average production is based on the total annual production for that year. 

Average Daily 
Water Use per 

Capita 
Year Population1, 2

Historical Water Production

Monthly Production Daily Production% 
Increase % IncreaseAnnual Production3



Table 3.2   Historical Monthly Water Production (2008-2010)
 Water System Master Plan
 City of Madera

2008 2009 2010
Daily 

Production
Peaking 
Factor

Daily 
Production

Peaking 
Factor

Daily 
Production

Peaking 
Factor

Average Day Production Percent of 
Annual

Month to Avg  
Factor

Average Day Production Percent of 
Annual

Month to Avg  
Factor

Average Day Production Percent of 
Annual

Month to Avg  
Factor

(MGD) (MGM) (%) (MGD) (MGM) (%) (MGD) (MGM) (%)

January 31 6.26 194 4% 0.51 6.49 201 5% 0.56 5.90 183 5% 0.57

February 28 5.26 147 3% 0.39 6.26 175 4% 0.49 5.81 163 4% 0.50

March 31 9.58 297 7% 0.79 7.94 246 6% 0.68 7.01 217 6% 0.67

April 30 12.97 389 9% 1.03 11.90 357 8% 0.99 7.80 234 6% 0.72

May 31 15.15 470 10% 1.24 15.08 468 11% 1.30 11.47 356 9% 1.10

June 30 17.39 522 12% 1.38 15.82 475 11% 1.32 16.00 480 12% 1.49

July 31 18.56 576 13% 1.52 18.74 581 13% 1.61 17.82 552 14% 1.71

August 31 18.27 566 13% 1.50 17.52 543 13% 1.51 16.70 518 13% 1.60

September 30 16.22 487 11% 1.29 15.56 467 11% 1.30 14.52 436 11% 1.35

October 31 12.83 398 9% 1.05 10.96 340 8% 0.94 10.61 329 8% 1.02

November 30 8.97 269 6% 0.71 8.87 266 6% 0.74 7.44 223 6% 0.69

December 31 6.95 216 5% 0.57 6.62 205 5% 0.57 6.04 187 5% 0.58

Total 4,530 4,324 3,877
Average Value 12.37 377 11.81 360 10.59 323

Maximum Value 576 1.52 543 1.61 552 1.71

6/12/2013

Monthly Monthly MonthlyMonth No. of 
Days
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east side.  Additionally, due to groundwater constraints in the City, future well capacity in the 
southeast was estimated at 1,300 gpm per well, while the remainder of the City was estimated at 
1,850 gpm per well.  Design criteria for water supply are documented on Table 3.3. 

Each new supply well should have adequate connections to power facilities, and every 4th well 
should have provisions for a backup power generator.  For the purposes of this master plan, every 
10th well was assumed to have provisions for water quality treatment. 

3.3 STORAGE CRITERIA 
The intent of domestic water storage is to provide supply for operational equalization, fire 
protection, and other emergencies, such as power outages or supply outages.  Operational or 
equalization storage provides the difference in quantity between the customer’s peak hour 
demands and the system’s available reliable supply.   

3.3.1 Typical Storage Criteria 

Typical storage criteria consist of three main elements: operational, emergency, and fire flow.  

• Operational Storage 

Operational or equalization storage capacity is necessary to reduce the variations imposed on the 
supply system by daily demand fluctuations.  Peak hour demands may require up to 2 times the 
amount of maximum day supply capacity.  With storage in place, this increase in demand can be 
met by the operational storage rather than by increasing production from the supply sources. 

Equalization storage also stabilizes system pressures for enhancing the service.  Equalization 
storage requirements typically range from 25 percent to 50 percent of maximum day demand. The 
City criterion requires that 25 percent of the maximum day demand be reserved for operational 
storage. 

• Emergency Storage 

Emergency storage is the volume of water stored to meet demand during emergency situations 
such as pipe failures, distribution main failures, pump failures, power outages, natural disasters, 
or other cases in which the supply sources are not able to meet the demand condition.   

The amount of water reserved for emergencies is determined by policies adopted by the City and 
is based on an assessment of the costs and benefits including the desired degree of system 
reliability, risk during an emergency situation, economic considerations, and water quality 
concerns.   

In California, the amount of emergency storage reserve in municipal water systems is usually 
between 50 percent and 100 percent of the maximum day demand.  

 



Table 3.3   Planning and Design Criteria Summary
  Water System Master Plan
  City of Madera

Design Parameter Criteria
Supply Existing System Future System

Supply to Meet Peak Hour Demands + 
2,000 gpm (largest wells as Standby)

West Side: Supply to Meet Peak Hour Demands + 
2,000 gpm

Eastside: Supply to Meet Maximum Day 
Demands

Install Power Hookups at Every New Well

Install New Power Generators at Every 4th New Well

Install Treatment at Every 10th New Well

Storage Existing System1 Future System

Underground Aquifer with Adequate 
Power Generators at Wells

Supply to Meet Peak Hour Demands on Westside 
and Max Day Demands on the East Side (with 

Firm Capacity)

Distribution Mains Distribution mains should be designed to meet the greater of:

1) Peak Hour Demand, or 2) Maximum Day Demand + Fire Flow 

Criteria for existing and future pipelines include:

If pipe diameter ≤ 12-inches, maximum pipe velocity of 10 feet per second

If pipe diameter ≥ 14-inches, maximum friction losses of 2 feet / 1,000 feet

Pump Stations (Future) Meet Maximum Day Demand with largest unit out of service

Hydropneumatic systems to meet Maximum Day Demand plus fire flow

Service Pressures Maximum Pressure 65 psi

Minimum Pressure (during Maximum Day) 40 psi

Minimum Pressure (during Peak Hour) 35 psi

Minimum Residual Pressure (during Fires) 20 psi

Demand Peaking Factors Maximum Month Demand 1.75 x Average Day Demand

Maximum Day Demand 2.0 x Average Day Demand

Peak Hour Demand 3.0 x Average Day Demand

Fire Flows Residential 1,500 gpm for 2 hours

Commercial 2,500 gpm for 3 hours

Industrial 3,500 gpm for 3 hours

Hospital 4,000 gpm for 4 hours

Urban Water Use Targets UWMP Adjusted Values

Existing Coefficient 247 182 gpdc

2015 Interim Target 222 - gpdc

2020 Target (20% Conservation) 197 190 gpdc

Demand Coefficients Existing Future

Residential, SF 2,850 2,250 gpd/AC

Residential, MF 2,850 2,500 gpd/AC

Commercial 780 1,000 gpd/AC

Industrial 780 1,000 gpd/AC

Institutional 780 1,000 gpd/AC

Irrigation 330 330 gpd/AC

Note: 6/12/2013
1.  The existing system has a 1 MG storage tank, however, this is minor when compared to aquifer storage.
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• Total Storage Requirement 

The total storage is the summation of operational (equalization), fire, and emergency storage 
requirements as follows: 

Qs = 25% MDD (equalization) + fire flow (varies) + 25% MDD (emergency) 

 where: 

  Qs is the Total Required Storage, in gallons 

  MDD is the Maximum Day Demand, in gallons 

3.3.2 City Storage Criteria 

In Madera, the groundwater aquifer is considered as the available storage as long as the supply 
wells are designed to meet the peak hour demands with an additional 2,000 gallon per minute 
(gpm) standby (Table 3.3).  During electrical outages, it is desired that emergency generators are 
installed on every fourth well to meet the average day demand requirements.   

Future system storage criteria consists of meeting the peak hour demand for supply, including a 
2,000 gpm standby provision, on the west side of the City, while meeting the maximum day 
demand of the east side of the City (Table 3.3). 

3.4 PRESSURE CRITERIA 
Acceptable service pressures within distribution systems vary depending on city criteria and 
pressure zone topography. It is essential that the water pressure in a consumer’s residence or 
place of business be maintained within an acceptable range. Low pressures below 30 psi can 
cause undesirable flow reductions when multiple faucets or water using appliances are used at 
once.  

Excessively high pressures can cause faucets to leak and valve seats to wear out prematurely. 
Additionally, high service pressures can cause unnecessarily high flow rates, which can result in 
wasted water and high utility bills. The criteria for pressures in the domestic water system include 
the following: 

• Maximum pressure, usually experienced during low demands and winter months 

• Minimum pressure, usually experienced during peak hour demands and summer months 

• Minimum pressure during fire flows and during the maximum day demand  

The American Water Works Association Manual on Computer Modeling and Water Distribution 
System (AWWA M-32) indicates that maximum pressures are usually in the range of 90-110 
pounds per square inch (psi).  In some communities, the maximum pressure may be limited to 80 
psi to mitigate the impact on internal plumbing.  In this case, the distribution system is usually  
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sized for the higher pressures, and individual pressure-reducing valves are installed on service 
lines where the pressure may be exceeded. 

The minimum acceptable pressure is usually in the range of 40-50 psi, which generally provides 
for sufficient pressures for second story fixtures.  When backflow preventers are required, they 
may reduce the pressures by approximately 5-15 psi.  The recommended minimum pressure 
during fire flows is 20 psi, as established by the National Fire Protection Association (NFPA).   

The City’s pressure criteria is summarized as follows: 

• Maximum pressure: 65 psi 

• Minimum pressure: 40 psi during maximum day and 35 psi during peak hour demands 

• Minimum pressure during fire flows: 20 psi 

3.5 UNIT FACTORS 
Domestic water demand unit factors are coefficients commonly used in planning level analysis to 
estimate future average daily demands for areas with predetermined land uses.  The unit factors 
are multiplied by the number of dwelling units or gross acreages for residential categories, and by 
the gross acreages for non-residential categories, to yield the average daily demand projections. 

There are several methods for developing the unit factors. This analysis relied on the City’s 2010 
Public Water System Statistics (PWSS) report, which lists the monthly water consumption by land 
use type in the City, to estimate the unit factors within the City service area.   

The total domestic water demand was calculated from the consumption data.  The demand was 
adjusted to balance with current production records, and to account for transmission main losses 
and vacancies in existing land uses. The demand unit factor was then calculated using the total 
water production and total number of residential and non-residential land use acreages.   

This analysis generally indicates that existing residential land uses have higher consumptive use 
factors than that of non-residential land uses.  The existing unit factor analysis is shown on Table 
3.4. 

It should be noted that additional water conservation is expected for residential land uses with the 
completion and implementation of water metering.  Water conservation was taken into account for 
residential water uses, and the future water use factors were decreased accordingly. Anticipated 
increases in land use densities, as identified in the General Plan, are assumed to be offset by 
future water conservation efforts. Existing non-residential factors were slightly lower than normal, 
and were adjusted for future scenarios to apply a level of conservancy when projecting future 
demands.    
  



Table 3.4   Unit Flow Factors Analysis
  Water System Master Plan
  City of Madera

Existing Land Use Inventory Existing Average Daily Water Demand Unit Factors

Existing Consumption Existing Production
Existing

Updated City Limits2
Existing Annual 
Consumption4

Balance to Existing  
Consumption

Unaccounted-For-
Water Rate5

Production (w/o 
Vacancy Rate)

Vacancy 
Rate1,6

Balance Using 
Recommended Unit 

Factor
(gr. acres) (gpd) (gpd/DU) (gpd/gr. acres) (gpd) (%) (gpd) (%) (gpd/DU) (gpd/gr. acres) (gpd) (gpd/DU) (gpd/gr. acres) (gpd)

Residential

Single Family Residential 12,410 2,995 7,661,222 617 2,558 7,661,222 7% 8,197,507 4.0% 685 2,839 8,503,956 550 2,850 8,536,530

Multi-Family Residential 4,224 272 421,342 100 1,547 421,342 7% 450,836 4.0% 111 1,717 467,690 280 2,850 776,233

Non-Residential

Commercial / Industrial / 
Institutional

1,850 1,300,000 703 1,300,000 7% 1,391,000 11.0% 780 1,443,000 780 1,442,881

Other (Demand Generating)

Landscape Irrigation 1,276 391,922 307 391,922 7% 419,357 0.0% 329 419,357 330 421,031

Other (Non-Demand Generating)

Other 1,337

16,634 7,730 9,774,486 9,774,486 10,458,700 10,834,003 11,176,675

Notes: 6/12/2013
1.  Source: Dwelling Unit counts and Non-Residential Vacany rates per US Census Bureau American Community Survey.  
2.  Source:  Parcel Shapfile received 3/17/2011
3.  Source:  General Plan Land Use Shapefile received from City Planning Department 1/24/2011.
4.  Source: 2010 Public Water System Statistics report provided by City staff.
5.  Source: 2010 Draft Urban Water Management Plan July 6, 2011.
6.  Source: Residential Vacancy Rate from Table I-10 in the City of Madera General Plan Housing Element.

Land Use Classification Number of D.U.1

Existing Production at 100% Occupancy
Existing Water

 Unit Factor 

Projected Production at 100% Occupancy 
Recommended Water

 Unit Factor 
Unadjusted Water Unit 

Factors
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3.6 SEASONAL DEMANDS AND PEAKING FACTORS 
Domestic water demands within municipal water systems vary with the time of day and month of 
the year. It is necessary to quantify this variability in demand so that the water distribution system 
can be evaluated and designed to provide reliable water service under these variable demand 
conditions.  

Water use conditions that are of particular importance to water distribution systems include the 
average day demand (ADD), the maximum month demand (MMD), the maximum day demand 
(MDD), the peak hour demand (PHD), and the winter demand.    

The average day demand represents the annual water demand, divided by 365 days, since it is 
expressed in daily units. The winter demand typically represents the low month water demands 
and is used for simulating water quality analysis.     

3.6.1 Maximum Month Demand 

The maximum month demand (MMD) is the highest demand that occurs within a calendar month 
during a year. The City’s MMD usually occurs in the summer months in either July or August. The 
MMD is used primarily in the evaluation of supply capabilities.  

Historical monthly water production records, obtained for the period between 2000 and 2010 
(Table 3.1), indicate the maximum month to average month ratio ranging between 1.53 and 1.77.  
Over the reviewed period, this ratio neither showed significant increasing or decreasing trends. 
Therefore, an MMD factor of 1.75 was deemed representative of trends in the City of Madera.  
This is a slight decrease in the peaking factor of 1.80 used in the 1997 master plan.  The following 
equation is recommended for estimating the maximum month demand, given the average day 
demand: 

Maximum Month Demand = 1.75 x Average Day Demand 

3.6.2 Maximum Day Demand 

The maximum day demand (MDD) is the highest demand that occurs within a 24 hour day during 
a year. The City’s MDD, which usually occurs during the summer months, is typically used for the 
evaluation and design of storage facilities, distribution mains, pump stations, and pressure 
reducing valves.  The MDD, when combined with fire flows, is one of the highest demands that 
these facilities should be able to service while maintaining acceptable pressures within the 
system. 

The maximum day demands were obtained from the City’s water production records. 
Groundwater well production records indicate the date of occurrence and magnitude of the 
maximum day demand for each calendar year, as listed in Table 3.1. The maximum day to 
average day demand ratios for the period between 2005 and 2010 ranged from 1.72 to 1.97 and 
occurred in June, July, or August.  
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Through an analysis of these maximum day demands it was determined that a ratio of 2.0 would 
be used in this master plan.  This conveys a decrease in peak use trends from the previous 
master plan peaking factor of 2.30.  The following equation is then used to estimate the maximum 
day demand, given the average day demand: 

Maximum Day Demand = 2.0 x Average Day Demand 

3.6.3 Peak Hour Demand 

The peak hour demand (PHD) is another high demand condition that is used in the evaluation and 
design of water distribution systems. The peak hour demand is the highest demand that occurs 
within a one hour period during a year. The peak hour demand is considered to be the largest 
single measure of the maximum demand placed on the distribution system. The PHD is often 
compared to the MDD plus fire flow to determine the largest demand imposed on the system for 
the purpose of evaluating distribution mains. 

An industry standard peak hour to maximum day ratio of 1.5 was applied to the maximum day 
demand to yield the peak hour demand ratio of 3.0.This is a decrease in peak use trends from the 
previous master plan peaking factor of 3.40.  The peak hour demand can then be calculated using 
the average day demand and the following equation: 

Peak Hour Demand = 3.0 x Average Day Demand 

3.7 FIRE FLOWS 
Fire flows are typically based on land use, with the potential for increased fire flow based on the 
building type. The following are the criteria for fire flows: 

• Category 1. Fire flows for residential areas was calculated at 1,500 gpm for two hours. 

• Category 2. Fire flows for commercial and institutional areas was calculated at 2,500 gpm 
for three hours. 

• Category 3. Fire flows for industrial areas was calculated at 3,500 gpm for three hours. 

• Category 4. Fire flows for the hospital was calculated at 4,000 gpm for four hours. 

3.8 TRANSMISSION AND DISTRIBUTION MAIN CRITERIA 
Transmission and distribution mains are usually designed to convey the maximum expected flow 
condition. In municipal water systems, this condition is usually the greater of either the peak hour 
demand or the maximum day demand plus fire flow. The hydrodynamics of pipe flow create two 
additional parameters that are taken into consideration when evaluating or sizing water mains: 
head loss and velocity.   
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Head loss is a loss of energy within pipes that is caused by the frictional effects of the inside 
surface of the pipe and friction within the moving fluid itself. Head loss creates a loss in pressure 
which is undesirable in water distribution systems. Head loss, by itself, is not an important factor 
as long as the pressure criterion has not been violated.  However, high head loss may be an 
indicator that the pipe is nearing the limit of its carrying capacity and may not have sufficient 
capacity to perform under stringent conditions.  The maximum head loss in pipes 14 inches in 
diameter and larger is 2 feet per 1,000 feet of pipe.    

Since high flow velocities can cause damage to pipes and lead to high head loss, it is desirable to 
keep the velocity below a predetermined limit. The City criterion for maximum pipeline velocity is 
10 feet per second for pipes 12 inches in diameter and smaller. This criterion also ensures that 
the head loss is kept below an acceptable limit, as the head loss in a pipe is a function of the flow 
velocity.  Flow velocities in transmission mains 14 inches and larger are governed by the head 
loss criteria.  

A summary of the criteria pertaining to transmission and distribution mains is included in Table 
3.3.  The pipe roughness coefficients used for calculating head loss were based on industry 
standards for various pipe materials, based on the age of the pipe, and are listed in Table 3.5. 

It should be noted that the headloss criteria in transmission mains may be relaxed, where feasible, 
to account for transmission main redundancy and reliability.  Relaxing of the criteria requires the 
review and approval of the City Engineer.  

 
  



Table 3.5   Pipe Roughness Coefficients
                       Water System Master Plan
                       City of Madera

Age (years)

0 10 20 30 40 50

Asbestos Cement 125 125 125 125 125 125

Cast Iron 120 110 100 90 85 80

Ductile Iron 130 125 120 115 110 105

Plastic (PVC) 145 145 140 140 135 135

Steel 130 120 110 100 90 80

Note: 6/12/2013
1. At age=0, the roughness coefficients are commonly used values for new pipes. Roughness coefficients decrease 
     with age at a rate that depends on pipe material. For planning purposes, the hydraulic analysis assumed an

average pipe age of 15-20 years for both existing and future scenarios.
2.  New pipes were conservatively sized with a 120 pipe roughness coefficient.

Pipe Material
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4.0 CHAPTER 4 - EXISTING DOMESTIC WATER FACILITIES 
This chapter provides a description of the City’s existing domestic water system facilities including 
the distribution mains, storage reservoir, and the existing wells.   

4.1 EXISTING WATER SYSTEM OVERVIEW 
The City’s municipal water system consists of 19 groundwater wells, a one million gallon storage 
reservoir, distribution mains, and fire hydrants. The City’s generally flat topography slopes from 
east to west from 300 feet in the east to 240 feet in the west.  With this generally flat topography, 
the City is maintained as a single pressure zone, with a single one million gallon elevated storage 
tank regulating system operation.  

The City’s existing domestic water distribution system is shown in Figure 4.1, which displays the 
existing system by pipe size.  This figure provides a general color coding for the distribution 
mains, as well as labeling the existing wells and the storage reservoir. 

4.2 SOURCE OF SUPPLY 
The City currently uses groundwater as the sole source of supply.  There are 19 existing 
groundwater wells in the City that have been used for supply.  During the summer months, which 
are typically the peak for domestic water use, the City operates most available existing wells in 
some capacity.  During the winter months, which are typically the minimum system demand, the 
City operates 9 wells on average.   

There are three wells that are currently not in use, or have limited use: 

• Well No. 18 is only used during peak hours because the well operates on natural gas and 
is regulated by the San Joaquin Valley Air Pollution Control District. Future electrical 
appurtenances are planned for Well No. 18, and at the time of completion, the well is 
planned for normal operation. 

• Well No. 26 is currently in use as a fire suppression well. 

• Well No. 27 is not in use due to water quality concerns.  This well is currently subject of 
review and cost analysis for resolving its water quality concerns, and may be reintegrated 
into the potable water supply. 

During the preparation of this master plan, City operations staff provided well capacity ratings.  It 
should be noted that, over time, well efficiencies may vary based on equipment conditions and 
groundwater levels.  In periods of prolonged drought, well efficiency ratings may decrease due to 
a decline in groundwater levels.  The opposite may occur in wet periods, as well efficiencies may 
increase as the groundwater levels recover.  As such, the City should monitor the well efficiencies  
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on a frequent basis to adequately manage the groundwater supply.  If periods of prolonged 
drought persist, it may be necessary to construct additional wells to maintain adequate supply 
capacity.  Table 4.1 lists the City’s current total rated supply at approximately 36.34 million gallons 
per day (MGD).  Consistent with the system performance and design criteria, the firm capacity 
was calculated as the capacity with the largest well out of service. Well No. 22 is the highest 
typical yield well with at a capacity of 1,400 gallons per minute (gpm).  The firm capacity of the 
well supply is estimated at 33.53 MGD. 

4.3 TRANSMISSION AND DISTRIBUTION PIPELINES 
Groundwater is pumped directly into the City’s distribution system via 187 miles of pipeline.  As 
the City’s sole source of supply is groundwater, which is distributed throughout the domestic water 
system, there are no dedicated transmission systems in the City.  The distribution mains are 
generally 16-inches and smaller, and convey water to the consumers’ service connections. 

The City’s domestic water system consists mainly of looped network connections.  Looped 
connections provide an increased capacity and reliability of the distribution system.  These 
connections allow peak demands and fire flows to be serviced from multiple directions, which 
typically relieves the need for large mains. 

An inventory of existing pipes, extracted from the GIS-based hydraulic model and used in this 
analysis, is included in Table 4.2.  For each pipe diameter, the inventory lists the length in feet, as 
well as the total length in units of miles. 

4.4 STORAGE RESERVOIR 
Storage reservoirs are typically incorporated in the water system to provide water supply for 
operation during periods of high demand, for meeting fire flow requirements, and for other 
emergencies, as defined in the City’s planning criteria.   

The City currently operates a single elevated storage tank located north of the Fresno River and 
east of State Route 99.  The tank diameter is approximately 76 feet and is 134 feet above the 
ground surface.  The storage reservoir is approximately 1 million gallons (MG) in size.  This 
reservoir is undersized for current storage requirements set forth by the system performance and 
design criteria.  The storage reservoir acts to regulate pressures in the system and establish the 
pressure gradient for the groundwater wells. 

 

 

 

 

 



Table 4.1   Existing Groundwater Supply Capacity
  Water System Master Plan
  City of Madera

Revised Specifications Current Actual Seasonal Production2 Additional Information Current Emergency Supply Capacity

Location
Rated 

Capacity1 Head1 Summer Winter Average Date Drilled3 HP3 Ground 
Elevation

Power Source
Available 
Hookup

Emergency 
Operation Type of Emergency Operation4

(gpm) (ft) (gpm) (gpm) (gpm) (HP) (ft)

Well #155 1,250 335 0 0 0 1967 250 258 Electric Yes6 operational Hookup to Emergency Gen. #1

Well #16 970 406 747 794 673 1968 200 275 Elec. / Gas7 operational Gas

Well #17 1,055 379 258 0 108 1970 200 271 Elec. / Gas7 operational Gas

Well #188 1,663 370 40 0 14 1970 285 274 Gas operational Gas

Well #20 1,074 335 146 0 52 1978 200 269 Electric off none

Well #21 1,397 330 167 23 72 1980 200 263 Electric Yes6 operational Hookup to Emergency Gen. #1

Well #22 1,950 391 1,396 664 966 1981 250 289 Electric Yes6 Alternate Alternate for Hookup to Emergency Gen.

Well #23 1,709 434 1,396 250 783 1981 250 277 Electric off none

Well #24 1,358 366 411 251 345 1994 150 273 Electric off none

Well #25 1,997 397 961 200 600 1985 250 260 Electric Yes6 off none

Well #269 958 373 0 0 0 1978 200 252 Elec. / Gas7 operational Gas

Well #2710 0 362 264 0 92 1991 250 252 Electric Yes6 Alternate Alternate for Hookup to Emergency Gen.

Well #28 942 413 653 168 475 2005 200 274 Electric off none

Well #29 1,127 385 761 0 376 1994 150 258 Electric Yes6 Alternate Alternate for Hookup to Emergency Gen.

Well #30 1,501 437 1,001 942 965 1994 250 252 Electric Yes6 Alternate Alternate for Hookup to Emergency Gen.

Well #31 1,801 378 875 19 303 2003 200 270 Electric Yes6 Alternate Alternate for Hookup to Emergency Gen.

Well #32 1,998 370 502 0 172 2004 250 252 Electric

Well #33 1,420 391 1,257 346 852 2005 250 263 Electric

Well #34 1,063 422 465 637 526 2006 150 264 Electric

Total Water System 
Capacity 25,233 11,037 4,295 7,283

Firm Capacity 
(Excluding Well #22) 23,283 9,640 3,631 6,317

Notes: 6/12/2013

1.  Source: Data extracted from PG&E Historical Pump Tests, received 2/23/2010 and review from City 2/17/2012.

2.  Current actual seasonal production is extracted from 2010 production records received 3/31/2011.

3.  Additional information extracted from well summaries and pump curves provided by City staff 2/23/2011.

4.  During an emergency, one of the generators should be installed at well No.21.

5.  Well #15 was recently updated and has an estimated capacity of 1,250 gpm according to City staff meeting 8/30/2012.

6.  Equipped with a transfer switch/breaker capability for connecting to a portable power source.

7.  Operates primarily on electric power.  It also has the capability to operate on gas.

8.  Well #18 is currently used only one hour per day during peak conditions due to a lack of electrical connections at the well.  The well is planned to have on-site upgrades and be fully functional in the future.

9.  Well #26 is typically not used during operation and is designated a fire flow / emergency pump.  For capacity analysis, Well #26 is included, as it is intended to be a full production well when water demand increases in the northwest.

10.  Well #27 has a capacity of 1,709 gpm, but has high nitrate levels and is not used as a production well.

Supply Well



Table 4.2   Existing System Pipe Inventory
 Water System Master Plan
 City of Madera

Diameter Length
(in) (ft) (miles)

2 394 0.07

4 15,150 2.87

6 263,882 49.98

8 435,771 82.53

10 22,912 4.34

12 239,283 45.32

14 10,203 1.93

16 1,019 0.19

Total 988,614 187.24
Note: 6/12/2013

1.  Existing system pipe inventory as extracted from the hydraulic model.
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5.0 CHAPTER 5 – WATER DEMANDS AND SUPPLY 
CHARACTERISTICS 

This chapter summarizes groundwater quality, existing domestic water demands, identifies the 
recycled water demands, and projects the future domestic water demands.       

5.1 GROUNDWATER QUALITY 
Groundwater quality in the Madera Planning Area was evaluated by Kenneth D. Schmidt and 
Associates.  Vertical trends in groundwater quality, as well as geographic trends in groundwater 
quality were established to provide general guidance to the City when evaluating potential 
locations for new groundwater wells. 

5.1.1 Vertical Trends in Groundwater Quality 

Vertical trends in groundwater quality are highly dependent on the subsurface geologic conditions.  
For example, geologic deposits colored red or brown are indicative of oxidized deposits.  Geologic 
layers below these brown and red deposits are typically blue, green, gray, or black, which is 
indicative of a chemically reduced deposit.   The resultant oxidized or reduced chemical makeup 
is a driving factor in the groundwater quality.  The depth to the blue deposit varies from less than 
500 feet in the northeast of the City to more the 700 feet in the southwest of the City (Figure 5.1).   

Good groundwater quality for the City has been found generally in the oxidized (red or brown) 
deposits.  Therefore, the most favorable sites for new groundwater wells are located in areas with 
the deepest oxidized deposits, generally southwest of the contour line extending in a northwest-
southeast direction from Westberry Boulevard to Well Number 33. Oxidized deposits generally in 
excess of 700 feet have been found in this area.  The Kenneth D. Schmidt and Associates 
memorandum provided in Appendix A discusses topics found in this section, as well as vertical 
trends for specific groundwater contaminants. 

5.1.2 Geographic Trends in Groundwater Quality 

As part of the 1997 master plan, Kenneth D. Schmidt and Associates summarized groundwater 
quality in and near the City.  Since the preparation of the initial report, additional groundwater 
wells have been constructed, providing groundwater quality information.  Groundwater quality 
studies were also completed for Root Creek Water District for the Gateway Village area.  These 
reports were evaluated to determine updated geographic trends in groundwater quality, and 
compiled in an updated report by Kenneth D. Schmidt and Associates, and included in Appendix 
B. 

Figure 5.2 displays approximate areas of groundwater contaminants in the Madera Planning 
Area.  Historically, dibromochloropropane (DBCP) was used as a nematocide, and its use was  
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Figure 5.2
Approximate Locations of

Groundwater Contaminants
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banned in California in 1977.  However, residual areas with concentrations exceeding the 
maximum contaminant level (MCL) still exist in the Planning Area.  Additionally, a brine plume 
generally south of Avenue 13, in the area of Road 26 exists from the former treatment ponds of 
the Oberti olive processing plant.  Lastly, areas with nitrate have been found in groundwater test 
wells in the valley floor.  Nitrate and DBCP detections were found predominantly in shallow 
groundwater tests, and wells drilled in these areas may potentially seal off contaminated 
groundwater. 

As part of the groundwater quality mapping, other areas with groundwater constituents were 
identified in the Planning Area.  Areas with high levels of Arsenic, Manganese, and Gross Alpha 
(uranium) are shown graphically on Figure 5.3. 

5.2 WATER QUALITY REGULATIONS 
MWH Americas evaluated the water quality regulations pertinent to the City and summarized the 
results in a letter report included in Appendix C.  The City of Madera water system currently 
meets state and federal guidelines for regulation of contaminants and monitoring requirements.  
Water quality tests for City wells did not reveal contaminant levels in excess of established MCLs, 
with the exception of Well No. 27. The report identifies the following issues with Well Nos. 21, 27, 
and 33:  

• Well No. 27 requires treatment for ethylene dibromide (EDB) and dibromochloropropane 
(DBCP).  As a result, the City does not use Well No. 27 and may choose in the future to 
treat it, use it for recycled water, or abandon it. 

• Well No 21 and Well No. 33 have quantifiable amounts of DBCP, but do not exceed the 
MCL.  Additionally, other wells in and around the City have measurable levels of nitrate, 
but do not exceed the MCL. 

Future water quality regulations on chromium-6 and 1,2,3 Trichloropropane (TCP) may impact the 
water supply for the City.  Public health goals for each of these have been established by the 
Office of Environmental Health Hazard Assessment.  It is currently unknown what concentrations 
of these chemicals exist in the Madera groundwater; however, 1,2,3 TCP is a chemical that has 
been used in the agricultural industry for some pesticides, and may impact cities in the Central 
Valley, including the City of Madera.   

5.3 EXISTING DOMESTIC WATER DEMANDS 
The existing water demands used for this master plan were based on the City’s 2010 PWSS 
consumption records which included the monthly demands for each land use category, as well as 
total annual production.  These existing water demands in this analysis are adjusted to match the 
annual production records and account for system losses. For estimating purposes and for 
consistency with the 2010 Urban Water Management Plan, 7% system losses were accounted for 
in the calculation of the production data.  
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Figure 5.3
High Levels of Constituents

in Groundwater
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The domestic water consumption is summarized on Table 3.4. The City’s existing average day 
domestic water demand was estimated at 9.8 MGD.  Accounting for losses in the system, the 
average daily production was calculated at 10.5 MGD. 

5.4 RECYCLED WATER DEMANDS 
As part of the integrated master planning process, a separate recycled water feasibility study was 
completed by MWH Americas, Inc.  This study evaluated the feasibility of constructing a new 
recycled water system for servicing selected users. Several users were identified as part of the 
feasibility study, including Madera Unified School District, City parks, and the municipal golf 
course.  Several alternatives were developed as part of the recycled water feasibility study, 
including the use of Well No. 27 as a non-potable water supply source. 

Should the City choose to implement the suggested recycled water system, the demand 
reductions on the domestic water system were quantified and based on the recycled water 
feasibility study.  Future water demands including and excluding recycled water demands are 
shown on Figure 5.4.  For the purposes of designing improvements to service future 
developments within the Madera Planning Area, this water system master plan excluded recycled 
water. 

5.5 FUTURE DOMESTIC WATER DEMANDS 
Future demands were projected using the unit factors for residential and non-residential land uses 
and for development in the Planning Area.  Future water demands are broken into the major 
planning subareas of Madera Acres, Parksdale, and Parkwood, as well as the remainder of the 
Planning Area.  

It should be noted that two areas in the Planning Area with land uses other than agriculture were 
excluded from this plan due to cost prohibitive requirements for service.  These areas include: 

• Madera Wastewater Treatment Plant.  The treatment plant is located at the intersection 
of Road 21 ½ and Avenue 13. 

• Avenue 19 ½ and Rd 28 ½.  This area consists of residential and village reserve land 
uses located northeast of Madera Acres. 

Table 5.1 organizes the future land use categories and their corresponding domestic water 
demands. The average day domestic water demands from existing and future developments is 
calculated at 41.57 MGD.  These demands were used in sizing the future infrastructure facilities, 
including transmission mains, storage reservoirs, and booster stations.  Demands were also used 
for allocating and reserving capacities in the existing or proposed facilities. 

Projected future demands are shown graphically on Figure 5.4, and are shown to the buildout of 
this master plan.  Demands are projected using the land use factors discussed in a previous 
chapter, and are projected with and without estimates for recycled water supplemental supply. 
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Table 5.1   Average Daily Demands at Buildout of Project Area
    Water System Master Plan
    City of Madera

2010 Water Demands at 100% 
Occupancy

Planning Area Water Demands at 100% Occupancy

Total Planning Area 
(including Madera 

Acres)

Planned 
Development within 

City Limits

Madera Acres Sub 
Area

Parkwood Sub Area Parksdale Sub Area
Future Planning 

Area Development 
excluding Sub Areas

Future Areas to be 
Serviced by City

Classifications Acreages Factor Acreages Annual Flows Acreages Annual Flows Acreages Annual Flows Acreages Annual Flows Acreages Annual Flows Acreages Annual Flows

(gr. acres) (gpd/gr. acre) (gpd) (gr. acres) (gpd/gr. acre) (gr. acres) (gpd) (gr. acres) (gpd) (gr. acres) (gpd) (gr. acres) (gpd) (gr. acres) (gpd) (gr. Acres) (gpd) (gpd)

Residential

Single Family Residential 2,995 2,850 8,536,530 12,867 2,250 881 1,982,413 3,151 7,090,526 133 298,778 377 847,575 5,330 11,991,779 9,716 23,657,075 30,747,601

Multi-family Residential 272 2,850 776,233 2,365 2,500 21 53,530 173 431,928 34 85,683 85 211,500 1,779 4,448,397 2,192 5,575,342 6,007,270

Subtotal 3,268 9,312,763 15,232 902 2,035,943 3,324 7,522,454 167 384,460 461 1,059,075 7,109 16,440,176 11,908 29,232,417 36,754,871

Non-Residential

Commercial 917 780 715,113 1,988 1,000 471 471,342 82 82,134 7 6,876 0 0 511 511,088 1,906 1,704,419 1,786,553

Industrial 523 780 408,257 4,834 1,000 226 225,906 90 89,734 0 0 0 0 3,995 3,995,424 4,745 4,629,587 4,719,321

Institutional 410 780 319,511 580 1,000 13 13,207 13 13,440 1 686 13 13,400 130 129,634 567 476,438 489,878

Mixed Use / Village Reserve1 - - - 5,893 1,000 0 786 785,906 272 271,838 0 0 4,835 4,834,759 5,107 5,106,597 5,892,503

Subtotal 1,850 1,442,881 13,295 710 710,455 971 971,214 279 279,400 13 13,400 9,471 9,470,905 12,324 11,917,041 12,888,255

Other (Demand Generating)

Landscape Irrigation 1,276 330 421,031 1,435 330 159 52,631 1,276 421,031 473,662

Subtotal 1,276 421,031 1,435 159 52,631 1,276 421,031 473,662

Other (Non-Demand Generating)

Other 1,337 37,367 308 201 0 6 35,515 37,166

Subtotal 1,337 37,367 308 201 0 6 35,515 37,166

Totals 7,730 11,176,675 67,329 1,921 2,746,398 4,656 8,546,298 446 663,860 481 1,072,475 52,095 25,911,081 62,673 41,570,489 50,116,788

Notes: 6/12/2013
1.  The Village Reserve category is designed to incorporate neighborhood planning and village building, and as such has been conservatively estimated as equivalent to commercial use.

Total Average 
Daily Demand 

in Planning 
Area 

(including 
Madera 
Acres)

Existing Areas 
Currently 

Serviced (City 
Limits)

Water Unit 
Factor

2010 Average 
Daily Demands
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5.6 MAXIMUM DAY AND PEAK HOUR DEMANDS 
The maximum day and peak hour demands for the existing and future demands were calculated 
using the average day demands and City peaking factor criteria. The maximum day to average 
day ratio of 2.0, and peak hour to average day ratio of 3.0, were applied to the average day 
demands to obtain estimates of the higher demand conditions.  

The maximum day and peak hour demand estimates for existing and future demand years are 
listed in Table 5.2, and are based on the 3.5 percent population growth rate typical for the City 
over the past 15 years. The existing maximum day and peak hour demands at 100 percent 
occupancy are calculated at 22.4 MGD and 33.5 MGD, respectively.  The projected total 
maximum day demand and peak hour demand for the buildout of the Planning Area at 100 
percent occupancy are 83.3 MGD and 125.0 MGD respectively. 

5.7 DIURNAL DEMAND PATTERNS 
Water demands vary with the time of day and by account type according to the land use 
designation. These fluctuations were accounted for in the modeling effort and evaluation of the 
water distribution system. The diurnal demand patterns affect the water levels in storage 
reservoirs and amount of flow through distribution mains. 

Three different diurnal curves (Figure 5.5) were used to model the demand patterns of 1) 
residential, 2) commercial, industrial, and other non-residential, and 3) irrigation use accounts. In 
the absence of data that can be used to develop these curves, they were based on industry 
acceptable demand patterns for these corresponding land use types.  The diurnal patterns were 
confirmed during the calibration effort of the City’s hydraulic model and corresponding SCADA 
information.   

Each diurnal curve has a unique pattern that creates maximum and minimum flow conditions at 
different times of the day.  Residential demands peak in the morning and evening and are at a 
minimum during the night hours. Non-residential demands, which include commercial, 
institutional, and industrial demands, are also at a minimum during the night; however, they 
remain at a constant maximum from the hours of 8 AM to 6 PM. The irrigation demands are 
highest at night and lowest during the day.  

 
  



June 12, 2013 

Figure 5.5 
Diurnal Curves 

Water System Master Plan 
City of Madera 
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Table 5.2   Projected Future Water Requirements
  Water System Master Plan
  City of Madera

Future Water Requirements
 No Recycled Water

Future Water Requirements   
with New Recycled Water

Annual 
Growth 

gpdc
Average 

Day

Maximum 
Day 

Demand

Peak Hour 
Demand

gpdc Average Day

(%) (MGD) (MGD) (MGD) (MGD)

2010 61,416 182 11.2 22.4 33.5 182 11.2
2011 63,566 3.5% 183 11.6 23.2 34.9 182 11.6
2012 65,790 3.5% 184 12.1 24.2 36.2 182 12.0
2013 68,093 3.5% 184 12.6 25.1 37.7 182 12.4
2014 70,476 3.5% 185 13.1 26.1 39.2 182 12.8
2015 72,943 3.5% 186 13.6 27.1 40.7 182 13.3
2016 75,496 3.5% 187 14.1 28.2 42.3 182 13.7
2017 78,138 3.5% 188 14.7 29.3 44.0 182 14.2
2018 80,873 3.5% 188 15.2 30.5 45.7 182 14.7
2019 83,704 3.5% 189 15.8 31.7 47.5 182 15.2
2020 86,633 3.5% 190 16.5 32.9 49.4 182 15.8
2021 89,666 3.5% 190 17.0 34.1 51.1 182 16.3
2022 92,804 3.5% 190 17.6 35.3 52.9 181 16.8
2023 96,052 3.5% 190 18.2 36.5 54.7 181 17.4
2024 99,414 3.5% 190 18.9 37.8 56.7 181 18.0
2025 102,893 3.5% 190 19.5 39.1 58.6 181 18.6
2026 106,494 3.5% 190 20.2 40.5 60.7 180 19.2
2027 110,222 3.5% 190 20.9 41.9 62.8 180 19.9
2028 114,080 3.5% 190 21.7 43.4 65.0 180 20.5
2029 118,072 3.5% 190 22.4 44.9 67.3 180 21.2
2030 122,205 3.5% 190 23.2 46.4 69.7 179 21.9
2031 126,482 3.5% 190 24.0 48.1 72.1 179 22.7
2032 130,909 3.5% 190 24.9 49.7 74.6 179 23.4
2033 135,491 3.5% 190 25.7 51.5 77.2 179 24.2
2034 140,233 3.5% 190 26.6 53.3 79.9 178 25.0
2035 145,141 3.5% 190 27.6 55.2 82.7 178 25.9
2036 150,221 3.5% 190 28.5 57.1 85.6 178 26.7
2037 155,479 3.5% 190 29.5 59.1 88.6 178 27.6
2038 160,920 3.5% 190 30.6 61.1 91.7 177 28.5
2039 166,553 3.5% 190 31.6 63.3 94.9 177 29.5
2040 172,382 3.5% 190 32.8 65.5 98.3 177 30.5
2041 178,415 3.5% 190 33.9 67.8 101.7 177 31.5
2042 184,660 3.5% 190 35.1 70.2 105.3 176 32.6
2043 191,123 3.5% 190 36.3 72.6 108.9 176 33.6
2044 197,812 3.5% 190 37.6 75.2 112.8 176 34.8
2045 204,736 3.5% 190 38.9 77.8 116.7 176 35.9
2046 211,902 3.5% 190 40.3 80.5 120.8 175 37.1
2047 219,318 3.5% 190 41.7 83.3 125.0 175 38.4
2048 226,994 3.5% 190 43.1 86.3 129.4 177 40.2
2049 234,939 3.5% 190 44.6 89.3 133.9 177 41.6
2050 243,162 3.5% 190 46.2 92.4 138.6 177 43.0
Notes: 6/12/2013

1.  Population excludes projected population for Madera Acres.

Year Population1
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6.0 CHAPTER 6 - HYDRAULIC MODEL DEVELOPMENT 
This chapter describes the development and calibration of the City’s domestic water distribution 
system hydraulic model.  The hydraulic model was used to evaluate the capacity adequacy of the 
existing system and to plan its expansion to service anticipated future growth. 

6.1 OVERVIEW 
Hydraulic network analysis has become an effectively powerful tool in many aspects of water 
distribution planning, design, operation, management, emergency response planning, system 
reliability analysis, fire flow analysis, and water quality evaluations.  The City’s hydraulic model 
was used to evaluate the capacity adequacy of the existing system and to plan its expansion to 
service anticipated future growth. 

6.2 MODEL SELECTION 
The City’s hydraulic model combines information on the physical characteristics of the water 
system (pipelines, groundwater wells, and storage reservoir) and operational characteristics (how 
they operate).  The hydraulic model then performs calculations and solves series of equations to 
simulate flows in pipes and calculate pressures at nodes or junctions.    

There are several network analysis software products that are released by different 
manufacturers, which can equally perform the hydraulic analysis satisfactorily.  The selection of a 
particular software depends on user preferences, the distribution system’s unique requirements, 
and the costs for purchasing and maintaining the software.  

The City’s previous model was developed using the Environmental Protection Agency’s EPANET, 
which allows the use of a single modeling scenario, and basic simulation options for steady-state 
and extended period simulations.  As part of this master plan, the hydraulic model has been 
updated and redeveloped into the GIS-based hydraulic model InfoWater by Innovyze. The model 
has an intuitive graphical interface and is directly integrated with ESRI’s ArcGIS (GIS), providing a 
useful modeling tool linked to the newly developed City GIS.   

6.3 HYDRAULIC MODEL DEVELOPMENT 
Developing the hydraulic model included skeletonization, digitizing and quality control, developing 
pipe and node databases, and water demand allocation. 

6.3.1 Skeletonization 

Skeletonizing the model refers to the process where pipes not essential to the hydraulic analysis 
of the system are stripped from the model.  Skeletonizing the model is useful in creating a system 
that accurately reflects the hydraulics of the pipes within the system, while reducing complexities 
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of large systems, which will reduce the time of analysis while maintaining accuracy, but will also 
comply with limitations imposed by the computer program. 

In the City of Madera’s case, skeletonizing was kept to a minimum due to the availability of the 
existing model, which has been maintained and updated since the completion of the 1997 Water 
System Master Plan. 

6.3.2 Pipes and Nodes 

Computer modeling requires the compilation of large numerical databases that enable data input 
into the model.  Detailed physical aspects, such as pipe size, pipe elevation, and pipe lengths, 
contribute to the accuracy of the model.   

Pipes and nodes represent the physical aspect of the system within the model.  A node is a 
computer representation of a place where demand may be allocated into the hydraulic system, 
while a pipe represents the distribution and transmission aspect of the water demand.  In addition, 
reservoir dimensions and capacities, and groundwater well capacity and design head, were also 
included in the hydraulic model. 

6.3.3 Digitizing and Quality Control 

The City’s existing domestic water distribution system was digitized in GIS using several sources 
of data and various levels of quality control.  The data sources included the City’s existing system 
as maintained by staff in AutoCAD, as well as the previously developed hydraulic model and 
subsequent updates. 

After reviewing the available data sources, the hydraulic model was updated and verified by City 
staff.  Using the existing AutoCAD version of the system, as well as the existing hydraulic model, 
this project updated the domestic water system in GIS.   Resolving discrepancies in data sources 
was accomplished by graphically identifying each discrepancy and submitting it to engineering 
and public works staff for review and comments.  City comments were incorporated in the verified 
model. 

6.3.4 Demand Allocation 

Demand allocation consists of assigning water demand values to the appropriate nodes in the 
model.  The goal is to distribute the demands throughout the model to best represent actual 
system response.   

Allocating demands to nodes within the hydraulic model required multiple steps, incorporating the 
efficiency and capabilities of GIS and hydraulic modeling software.  Existing land use water 
demand factors were used in conjunction with the existing land use map.  Each demand factor 
was applied to the appropriate land use and then multiplied by the acreage.  In the absence of 
complete water billing records, this methodology was considered the best approach for accurately 
allocating the existing water demands. 
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Domestic water demands from each anticipated future development, as presented in a previous 
chapter, were also allocated to the model for the purpose of sizing the required future facilities.  
The demands from the greater Planning Area were allocated based on proposed land use and the 
land use acreages.  As many of the areas were very large in size, demands were allocated evenly 
to the demand nodes within each area.  Infill areas, redevelopment areas, and vacant lands were 
also included in the future demand allocation. 

6.4 MODEL CALIBRATION 
Calibration is intended to instill a level of confidence in the pressures and flows that are simulated. 
Calibration generally consists of comparing model predictions to field measured results and 
making necessary adjustments.   

6.4.1 Calibration Plan and SCADA 

As the City’s sole source of supply is groundwater, and as the City currently has 18 active water 
wells and a water storage tank, pressures at the groundwater wells and the pressure at the base 
of the water tank were considered adequate for calibrating the hydraulic model.Figure 6.1 
documents each point used in the calibration of the hydraulic model. 

City staff provided hourly pressure and flow data for each well, as well as the pressure at the base 
of the water tank, for the months of April through June of 2011.  This data was further 
consolidated and compared with daily demand data to best calibrate to average day conditions.   

6.4.2 EPS Calibration 

Calibration can be performed for steady state conditions or for extended period simulations (EPS).  
In steady state calibration, the model is compared to field monitoring results consisting of a single 
value, such as a single hydrant test.  EPS calibration consists of comparing model predictions to 
diurnal operational changes in the water system.   

The calibration process was iterative and resulted with satisfactory comparisons between the field 
measurements and the hydraulic model predictions at each well site and the water tank.  The 
calibration results were graphically summarized for each site and included in Appendix D. 

Representative extracts from Appendix D are shown on Figure 6.2 for calibration points at the 
water tank and Well Number 15. 

6.4.3 Use of the Calibrated Model 

The calibrated hydraulic model was used as an established benchmark in the capacity evaluation 
of the existing water distribution system.  The model was also used to identify improvements 
necessary for mitigating existing system deficiencies and for accommodating future growth. This 
valuable investment will continue to prove its value to the City as future planning issues or other 
operational conditions surface.  It is recommended that the model be maintained and updated with 
recent construction to preserve its integrity.  
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7.0 CHAPTER 7 - EVALUATION AND PROPOSED IMPROVEMENTS 
This section presents a summary of the domestic water system evaluation and identifies 
improvements needed to mitigate existing deficiencies, as well as improvements needed to 
expand the system and service growth. 

7.1 OVERVIEW 
The calibrated hydraulic model was used for evaluating the distribution system for capacity 
deficiencies during peak hour demand and during maximum day demands in conjunction with fire 
flows.  Since the hydraulic model was calibrated for extended period simulations, the analysis 
duration was established at 24 hours for analysis.   

The criteria used for evaluating the capacity adequacy of the domestic water distribution system 
facilities (transmission mains, storage reservoirs, and booster stations) was discussed and 
summarized in the System Performance and Design Criteria chapter.   

7.2 FIRE FLOW ANALYSIS 
The fire flow analysis consisted of using the maximum day demand in the hydraulic model and 
applying hypothetical fire flows.  The magnitude and duration of each fire flow was based on the 
governing land use type within proximity to the fire location.  The criterion for fire flows was also 
summarized in the System Performance and Design Criteria chapter. 

The hydraulic model indicates that the City’s existing distribution system performed adequately 
during the fire flow analysis.  Improvements to mitigate fire flow deficiencies are shown on Figure 
7.1, and are discussed below with the corresponding coded identifier, which is also consistent with 
the capital improvements chapter: 

• FF-1.  Install approximately 990 feet of parallel 8-inch water main from Pine Street to 
Noble Street along Maple Street. 

• FF-2.Install approximately 740 feet of parallel 8-inch water main from Howard Road to the 
Plumas Street alignment along Rotan Avenue. 

• FF-3.  Install approximately 330 feet of parallel 8-inch water main from Rotan Avenue, 
approximately 330 feet west of Rotan Avenue, along the Plumas Street alignment. 

• FF-4.  Install approximately 730 feet of new 12-inch water main from Grove Street to 
Cypress Street, along Olive Avenue. 

It should be noted that the Downtown area and the West Madera area are older sections of the 
City, and are serviced with older pipelines.  It is the recommendation of this master plan that 4- 
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inch and 6-inch diameter pipelines in non-residential areas be replaced with at least 8-inch 
pipelines.  Older 8-inch pipelines may be replaced in kind, pending fire flow analysis and approval 
by the City engineer. 

7.3 LOW PRESSURES ANALYSIS 
The hydraulic model was also used to determine if the existing domestic water distribution system 
meets the City’s System Performance and Design Criteria, as discussed in a previous chapter.  
During maximum day demands the minimum pressure requirement is 40 psi, while during the 
peak hour demand, the minimum pressure requirement is 35 psi.  The hydraulic analysis yielded 
no deficiencies for low pressure under peak hour operating conditions. 

7.4 GROUDWATER OVERDRAFT 
This water system master plan included a review of groundwater conditions and 
recommendations for mitigating water level declines. 

7.4.1 Review of Groundwater Conditions 

The City’s water supply was evaluated by MWH Americas, Inc. and by Kenneth D. Schmidt and 
Associates and included in the following appendices:  

• MWH Americas developed a water supply report evaluating the potentials for alternative 
sources of supply.  Additionally, the report discusses opportunities for offsetting 
groundwater pumpage, and thus helping to mitigate groundwater level decline.The water 
supply report is included in Appendix E. 

• Kenneth D. Schmidt and Associates developed a water supply report that evaluated the 
potential groundwater overdraft due to pumpage from the City of Madera.  This reported 
quantified existing and future water demands, estimated pumpage due to agricultural 
irrigation, and developed a water balance accounting for the conversion of agricultural 
land to urbanized development.  This groundwater overdraft report is included in 
Appendix F. 

It should be noted that portions of the MWH report were reliant on the Kenneth D. Schmidt and 
Associates report for water balance and groundwater overdraft for the City.  The 
recommendations in this section are based on the MWH Americas report. 

7.4.2 Mitigating Water Level Declines 

Groundwater in and around the City is declining at an average rate of 2 feet per year.  In the 
course of the evaluation, several potential offsetting practices were evaluated for potentially 
mitigating excessive groundwater pumpage, and limiting groundwater overdraft.  The following 
were evaluated as means to limit water level decline: 
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• Recycled Water.  The treated effluent from the wastewater treatment plant may be used 
for irrigating landscape and for industrial process water, helping to limit the need for 
groundwater pumpage in these tasks. 

• In-lieu Recharge. The City’s treated wastewater effluent may be used for agricultural 
irrigation instead of groundwater pumping. 

• Surface Spreading. This method utilizes stormwater runoff, and applies the runoff over a 
large surface area.  This method, while providing the benefit of groundwater recharge, 
requires multiagency coordination and planning, which is not in place at this time. 

The evaluation revealed that, while beneficial, these programs do not completely mitigate 
groundwater level decline in the Madera Subbasin.  Additionally, as the City will maintain a 
continued reliance on groundwater pumpage, coordination between the City and other major 
agencies reliant on the Madera Subbasin would be beneficial for groundwater planning.   

The most feasible means of limiting groundwater level declines for the City would be a 
combination of treated wastewater treatment plant effluent for percolation and in-lieu recharge 
with Madera Irrigation District.  While recycled water use in the City would reduce the need for 
groundwater pumping, a feasibility study performed by MWH Americas revealed that 
improvements may be cost prohibitive.   

7.5 WATER SUPPLY 
The criteria for water supply should be capable of meeting peak hour demand, including a 2,000 
gallon per minute (gpm) standby capacity.  Future system supply improvements should be sized 
to meet the peak hour demand, including a 2,000 gpm standby for the west side of the Madera 
Planning Area, in addition to meeting the maximum day supply requirement of the east side. 

The City’s existing water supply requirement for peak hour demands plus a 2,000 gpm standby 
capacity is 36.4 MGD.  The buildout water supply requirement for Planning Area demands is 
projected at 127.9 MGD.Table 7.1 includes a supply analysis for the City through the buildout of 
the Madera Planning Area.   

It should be noted that the 2010 Urban Water Management Plan (UWMP) projected an average 
daily supply requirement at 14.4 MGD in existing conditions, and projected 25.2 MGD in 2035.  
This differs from the master plan average daily supply requirement of 11.2 MGD in existing 
conditions and projected 27.6 MGD in 2035.  The master plan demand projections have been 
reviewed and approved by City staff, and are intended to supersede the UWMP demand 
projections. 

7.6 WATER STORAGE REQUIREMENTS 
The current practice in Madera considers the groundwater aquifer as the available storage as long 
as the supply wells are designed to meet the peak hour demands.  During electrical outages, it is  



Table 7.1   Recommended Supply Capacity
 Water System Master Plan
 City of Madera

Water Requirements

Maximum Day 
Demand (Revised 

Coefficients)
Peak Hour Demand

Peak Hour Demand + 
2,000 gpm Standby 

Current Well Firm 
Capacity

No. of Required 
Wells2

Total Well 
Capacity

Current Well Firm 
Capacity

No. of Required 
Wells2

Total Well 
Capacity

(mgd) (mgd) (mgd)

2010 61,416 22.4 33.5 36.4 33.5 1 36.2 33.5 1 36.2
2011 63,566 23.2 34.9 37.7 36.2 1 38.9 36.2 1 38.9

2012 65,790 24.2 36.2 39.1 38.9 0 38.9 38.9 1 40.7

2013 68,093 25.1 37.7 40.5 38.9 1 41.5 40.7 0 40.7

2014 70,476 26.1 39.2 42.0 41.5 1 43.4 40.7 1 43.4

2015 72,943 27.1 40.7 43.6 43.4 0 43.4 43.4 0 43.4

2016 75,496 28.2 42.3 45.2 43.4 1 46.1 43.4 1 46.1

2017 78,138 29.3 44.0 46.9 46.1 0 46.1 46.1 1 47.9

2018 80,873 30.5 45.7 48.6 46.1 1 48.7 47.9 0 47.9

2019 83,704 31.7 47.5 50.4 48.7 1 51.4 47.9 1 50.6

2020 86,633 32.9 49.4 52.3 51.4 1 53.3 50.6 1 53.3

2021 89,666 34.1 51.1 54.0 53.3 1 55.9 53.3 1 55.1

2022 92,804 35.3 52.9 55.8 55.9 0 55.9 55.1 0 55.1

2023 96,052 36.5 54.7 57.6 55.9 1 58.6 55.1 1 57.8

2024 99,414 37.8 56.7 59.5 58.6 1 61.2 57.8 1 60.5

2025 102,893 39.1 58.6 61.5 61.2 1 63.1 78.6 0 78.6

2026 106,494 40.5 60.7 63.6 63.1 1 65.8 78.6 0 78.6

2027 110,222 41.9 62.8 65.7 65.8 1 68.4 78.6 1 80.5

2028 114,080 43.4 65.0 67.9 68.4 0 68.4 80.5 0 80.5

2029 118,072 44.9 67.3 70.2 68.4 1 71.1 80.5 1 83.1

2030 122,205 46.4 69.7 72.5 71.1 1 73.0 83.1 1 85.8

2031 126,482 48.1 72.1 75.0 73.0 1 75.6 85.8 0 85.8

2032 130,909 49.7 74.6 77.5 75.6 1 78.3 85.8 1 88.5

2033 135,491 51.5 77.2 80.1 78.3 1 81.0 88.5 1 91.1

2034 140,233 53.3 79.9 82.8 81.0 1 82.8 91.1 0 91.1

2035 145,141 55.2 82.7 85.6 82.8 1 85.5 108.4 1 111.1

2036 150,221 57.1 85.6 88.5 85.5 1 88.2 111.1 0 111.1

2037 155,479 59.1 88.6 91.5 88.2 2 92.7 111.1 1 113.7

2038 160,920 61.1 91.7 94.6 92.7 1 95.4 113.7 0 113.7

2039 166,553 63.3 94.9 97.8 95.4 2 99.9 113.7 1 116.4

2040 172,382 65.5 98.3 101.1 99.9 1 102.6 116.4 0 116.4

2041 178,415 67.8 101.7 104.6 102.6 1 104.4 116.4 1 119.1

2042 184,660 70.2 105.3 108.1 104.4 2 109.8 119.1 1 121.7

2043 191,123 72.6 108.9 111.8 109.8 1 111.6 121.7 0 121.7

2044 197,812 75.2 112.8 115.6 111.6 2 117.0 121.7 1 124.4

2045 204,736 77.8 116.7 119.6 117.0 2 121.5 124.4 0 124.4

2046 211,902 80.5 120.8 123.7 121.5 1 124.2 124.4 1 127.1

2047 219,318 83.3 125.0 127.9 124.2 2 128.7 127.1 1 129.7

2048 226,994 86.3 129.4 132.3 128.7 0 128.7 129.7 0 129.7

2049 234,939 89.3 133.9 136.8 128.7 0 128.7 129.7 0 129.7

2050 243,162 92.4 138.6 141.5 128.7 0 128.7 129.7 0 129.7

Total Wells 39 Total Wells 24
Notes:

6/12/2013

1. Wells without storage must meet Peak Hour Demand + 2,000 gpm according to City criteria.  
2.  New wells are estimated to have a capacity of 1,850 gpm, with every fourth well having a reduced capacity of 1,300 gpm due to water availabilty in 
       the southeast of the City.
3.  Adjusted total wells is revised down by approximately 15 total wells to account for construction of storage in the eastern portion of the City.
4.  Alternative 2 assumes the construction of the northeast booster station in 2025 and the souteast booster station in 2035, consistent with the suggested expenditure budget.

Year Projected 
Population

Water Supply - Alternative 1
Distributed Groundwater Wells throughout 

Planning Area1

Water Supply - Alternative 2
Groundwater Wells in the West with Storage 

in the East3,4
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desired that emergency generators are installed on wells to meet the average day demand 
requirements.  As groundwater supply is seen as a sustainable resource, the groundwater aquifer 
storage is adequate for meeting the existing storage requirements of the City.  For supplemental 
operational storage and for meeting fire flow requirements, the City maintains an elevated 
reservoir with a 1.0 million gallons (MG) capacity. 

7.7 FUTURE SYSTEM ANALYSIS 
This master plan evaluated the water system infrastructure requirements to service the Planning 
Area at buildout of the General Plan.  The first alternative that was identified included the 
continued construction of supply wells throughout the Planning Area.  The second alternative is 
influenced by the relatively poor groundwater conditions on the east side, and it restricted future 
supply wells to the west side of the City.   

7.7.1 Alternative 1 – Future Groundwater Distributed on East and West Sides 

In this alternative, groundwater wells were constructed throughout the Planning Area, and were 
sized to meet the peak hour demand of the Planning Area.  The transmission grid in this 
alternative generally consists of a 12-inch looped network spaced every half-mile, and of an 8-inch 
looped network spaced every quarter-mile and in non-residential areas.  The actual transmission 
and distribution main pipelines were sized using the hydraulic model and based on the design 
criteria discussed in a previous chapter.   

Consistent with the previous master plan storage criteria, no additional storage was 
recommended in the alternative.  Thus, the corresponding improvements required to service the 
Planning Area, using this alternative, are shown on Figure 7.2. 

While it was preferred to continue constructing groundwater supply wells throughout the City, 
review of the groundwater conditions completed by Kenneth D. Schmidt and Associates, 
combined with recent groundwater test holes, indicate high probabilities for the presence of poor 
water quality as well as low well yields in the east and northeast part of the City.  Consequently, 
this alternative was not selected as it is considered less reliable in finding feasible supply sites on 
the east side. 

7.7.2 Alternative 2 – Future Supply on West Side and New Storage on East Side 

This alternative follows the general guidelines outlined for Alternative 1, though it is based on 
constructing most future supply wells on the west side, with the intent of servicing the future 
developments throughout the Planning Area, including the northeast.   

Siting the supply wells on the west side will require upgrading the transmission main pipe sizes to 
convey water from the west side to the east side for either of the following conditions: 1) convey 
peak hour demands or, 2) convey maximum day demands.  The first option will require the 
construction of excessively large transmission mains while the second option will require the 
construction of new storage facilities on the east side.      
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Developments in the eastern portion of the Planning Area are contingent on the completion of 
transmission and storage improvements, which will convey the water supply to service the new 
water demands.  Improvements for servicing the east side are described summarily in this section, 
and are graphically represented on Figure 7.3. 

Distribution System: The distribution grid in this alternative generally consists of a 12-inch 
looped network spaced every half-mile, and of an 8-inch looped network spaced every quarter-
mile and in non-residential areas.  

Transmission System: The transmission system to service future users within the Planning Area 
consists of a looped system of pipelines ranging in size from 18-inches to 30-inches. The north 
and south transmission mains are described below:  

• East-West Transmission Main (North).  This east-west transmission main is 
approximately 4 miles long and is intended to convey water from the west to the northeast. 
It begins at the intersection of Avenue 17 and Golden State Boulevard and continues 
eastward, jogging along Sharon Boulevard, Ellis Street and Lake Street to the intersection 
of Avenue 17 and Road 27.   

• East-West Transmission Main (South).  This east-west transmission main is 
approximately 3 miles long and is intended to convey water from the west to the southeast.  
Additionally, this second transmission main provides reliability for the system.  It begins at 
the intersection of Avenue 12 and State Route 145 and continues eastward, jogging along 
Avenue 12 and Road 29 to the intersection of Avenue 13 and Road 29.   

It is further recommended that these two east-west transmission mains be connected for reliability 
as follows: 

• East Side: A north-south transmission main, ranging in size between 18 inches and 30 
inches 

• West Side: An 18-inch north-south transmission main 

This recommended transmission system is shown on Figure 7.3, and highlighted in yellow. 

Storage Reservoirs: The storage reservoirs were sized to meet the difference between 
maximum day and peak hour demands for the east and north portions of the City.  The following 
storage tanks are recommended: 

• Northeast Storage Facility. New 6.75 MG ground-level storage tank generally located 
near the intersection of Avenue 17 and Lake Street. 

• Southeast Storage Facility. New 6.75 MG ground-level storage tank generally located 
near the intersection of Avenue 13 and Road 29 
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Booster Stations: Since the new storage tanks are ground-level, new booster stations are 
required to provide adequate service pressures. The booster station improvements include: 

• Northeast Booster Station.  This booster station is associated with the Northeast Storage 
Facility, generally located at the intersection of Avenue 17 and Lake Street. A preliminary 
pump layout suggests a total capacity of 17,200 gallons per minute (gpm) which includes 
three 4,300 gpm duty pumps and one 4,300 gpm standby pump. 

• Southeast Booster Station.  This booster station is associated with the South Storage 
Facility, generally located at the intersection of Avenue 13 and Road 29. A preliminary 
pump layout suggests a total capacity of 16,000 gallons per minute (gpm) which includes 
three 4,000 gpm duty pumps and one 4,000 gpm standby pump. 

These booster stations are designed for the purpose of meeting the peak hour demands to the 
eastside of the Planning Area.  During winter and low demand periods, the operational strategy 
may allow reductions in the number of active wells.   

Groundwater Wells: Adding storage facilities on the east side will result with a significant 
reduction of future groundwater wells for this alternative.  Table 7.1 documents the supply 
analysis for both Alternatives 1 and 2, and it indicates a total reduction of 15 wells for this 
alternative 

Several groundwater wells are still recommended in the southeast portion of the Planning Area, 
generally in the vicinity of Road 29 and Avenue 13, and near the proposed Southeast Storage 
Facility.  Well yields in the southeast are estimated at 1,300 gallons per minute.  Well yields in the 
west are estimated at 1,850 gallons per minute. 
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8.0 CHAPTER 8 – CAPITAL IMPROVEMENT PROGRAM 
This chapter provides a summary of the recommended domestic water system improvements to 
mitigate existing capacity deficiencies and to accommodate anticipated future growth. The chapter 
also presents the cost criteria and methodologies for developing the capital improvement 
program.  Finally, a capacity allocation analysis, usually used for cost sharing purposes, is also 
included. 

8.1 COST ESTIMATE ACCURACY 
Cost estimates presented in the CIP were prepared for general master planning purposes and, 
where relevant, for further project evaluation.  Final costs of a project will depend on several 
factors including the final project scope, costs of labor and material, and market conditions during 
construction.   

The Association for the Advancement of Cost Engineering (AACE International), formerly known 
as the American Association of Cost Engineers has defined three classifications of assessing 
project costs.  These classifications are presented in order of increasing accuracy:  Order of 
Magnitude, Budget, and Definitive. 

• Order of Magnitude Estimate. This classification is also known as an “original estimate”, 
“study estimate”, or “preliminary estimate”, and is generally intended for master plans and 
studies.   

This estimate is not supported with detailed engineering data about the specific project, 
and its accuracy is dependent on historical data and cost indexes.  It is generally expected 
that this estimate would be accurate within -30 percent to +50 percent.  

• Budget Estimate.  This classification is also known as an “official estimate” and generally 
intended for predesign studies.  This estimate is prepared to include flow sheets and 
equipment layouts and details. It is generally expected that this estimate would be 
accurate within -15 percent to +30 percent.   

• Definitive Estimate.  This classification is also known as a “final estimate” and prepared 
during the time of contract bidding.  The data includes complete plot plans and elevations, 
equipment data sheets, and complete specifications.  It is generally expected that this 
estimate would be accurate within -5 percent to + 15 percent.   

Costs developed in this study should be considered “Order of Magnitude” and have an expected 
accuracy range of -30 percent and +50 percent.  
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8.2 COST ESTIMATE METHODOLOGY 
Cost estimates presented in this chapter are opinions of probable construction and other relevant 
costs developed from several sources including cost curves, Akel experience on other master 
planning projects, and input from City staff on the development of public and private cost sharing.  
Where appropriate, costs were escalated to reflect the more current Engineering News Records 
(ENR) Construction Cost Index (CCI).   

This section documents the unit costs used in developing the opinion of probable construction 
costs, the Construction Cost Index, the land acquisition costs, and markups to account for 
construction contingency and other project related costs. 

8.2.1 Unit Costs 

The unit cost estimates used in developing the Capital Improvement Program are summarized on 
Table 8.1.  Domestic water pipeline unit costs are based on length of pipes, in feet.  Storage 
reservoir unit costs are based on capacity, per million gallons (MG).  Pump Station costs are 
based on an equation that replaces the pump curve.   

In the process of developing pipeline unit costs for the City of Madera, public and private cost of 
construction was taken into account.  Public costs are projects completed by the City of Madera, 
and private costs are associated with developer costs.  Private costs are based on recent bid tab 
information, and were provided by City staff.   

The unit costs are intended for developing the Order of Magnitude estimate and do not account 
for site specific conditions, labor and material costs during the time of construction, final project 
scope, implementation schedule, detailed utility and topography surveys for reservoir sites, 
investigation of alternative routings for pipes, and other various factors.  The capital improvement 
program included in this report accounts for construction and project-related contingencies as 
described in this chapter. 

8.2.2 Construction Cost Index 

Costs estimated in this study are adjusted utilizing the Engineering News Record (ENR) 
Construction Cost Index (CCI), which is widely used in the engineering and construction 
industries.   

The costs in this Water System Master Plan were benchmarked using a 20-City national average 
ENR CCI of 9545, reflecting a date of August 2013. 

8.2.3 Land Acquisition 

Construction of pipelines is generally assumed to be within existing or future street right-of-ways. 
A land acquisition fee for the construction of storage reservoirs and pump stations was assumed 
based on recent land acquisitions. It was assumed that storage reservoirs will require 2.5 to 3 
acres, and pump stations will require 0.5 acre.  



Table 8.1   Unit Costs
       Water System Master Plan
       City of Madera

Pipe Size (in) Public Costs1,2 Private Costs1,3 Mixed Public/Private Costs4

($/Lineal Foot) ($/Lineal Foot)
Percent Private 

Cost 
Responsibility5

($/Lineal Foot)

8 $47 $35 90% $36

12 $70 $42 75% $49

18 $105 $63 50% $84

20 $117 $70 10% $112

24 $140 $85 0% $140

30 $175 $108 0% $175

36 $210 $130 0% $210

Casings (per inch Diameter 
per LF)

$20

Pump Stations

Storage Reservoirs ($/gal)

≤ 1.0 MG $1.95

1.1 MG - 3.0 MG $1.56

3.1 MG - 5.0 MG $1.11

> 5.0 MG $0.84

Groundwater Wells (each)
1,500 gpm Capacity $1,324,000

Generator6 $100,000

Well Treatment6 $300,000

Land Acquisition

Cost per acre $40,000
Notes: 6/12/2013

1. Public costs are associated with construction projects completed by the City of Madera, while Private costs are 
    associated with construction projects completed by developers.
2. Public Unit Costs were escalated from the 1997 Master Plan (ENR 20-City Average CCI 5726), and reflect an ENR 20-City 
    Average CCI of 9545 (August 2013).
3. Private Unit Costs were provided by City of Madera and are based on recent construction bid tabs
4. Percentage of Cost attributed to Developers (Private)
5. Mixed Costs reflect the weighted Unit Costs, based on applying the percentages for Public and Private cost responsibilities
6.  Generator and well treatment costs provided by City staff 4/30/2013

Estimated Pumping Station Project Cost 
= 1.88 * 10(0.7583*log(Q)+3.1951); where Q is in gpm
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8.2.4 Construction Contingency Allowance 

Knowledge about site-specific conditions for each proposed project is limited at the master 
planning stage; therefore, construction contingencies were used. The estimated construction 
costs in this master plan include a 20 percentcontingency allowance to account for unforeseen 
events and unknown field conditions.  

8.2.5 Project Related Costs 

The capital improvement costs also account for project-related costs, comprising of engineering 
design, project administration (developer and City staff), construction management and 
inspection, and legal costs. The project related costs in this master plan were estimated by 
applying an additional 25 percent to the estimated construction costs.  

8.3 CAPITAL IMPROVEMENT PROGRAM 
The Capital Improvement Program costs for the projects identified in this master plan for 
mitigating existing system deficiencies and for serving anticipated future growth throughout the 
City are summarized on Table 8.2.  These improvements reflect Alternative 2 of the evaluation 
chapter. 

Each improvement was assigned a unique coded identifier associated with the improvement type, 
and in the instance of pipeline improvements, the quadrant of the City.  For ease of reference, 
each unique coded identifier corresponds to detail sheets provided in this master plan.  Figure 8.1 
serves as a key map for four subsequent details, highlighting improvements for the Planning Area.  
Figure 8.2 details improvements in the northwest, Figure 8.3 details improvements in the 
northeast, Figure 8.4 details improvements in the southwest, and Figure 8.5 details 
improvements in the southeast. 

The estimated construction costs include the baseline costs plus 20 percent contingency 
allowance to account for unforeseen events and unknown field conditions, as described in a 
previous section.  Capital improvement costs include the estimated construction costs plus 25 
percent project-related costs (engineering design, project administration, construction 
management and inspection, and legal costs). 

8.3.1 Improvements Located within Planning Villages 

Water system improvements are documented on Figure 8.6 with City Planning Village boundaries 
overlaid.  This figure is intended to provide general guidance documenting improvements 
occurring in each of the Planning Villages.  Table 8.2 lists improvements and documents the 
Planning Village in which the improvement occurs, if applicable. 

8.3.2 Recommended Cost Allocation Analysis 

Cost allocation analysis is needed to identify improvement funding sources, and to establish a 
nexus between development impact fees and improvements needed to service growth.  In  
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Figure 8.6
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Table 8.2   Capital Improvement Program
 Water System Master Plan
 City of Madera

Itemized Cost Estimate Suggested Cost 
Allocation Cost Sharing

Other Baseline Estimated Land Capital

Improvement Detail Sheet Type of Unit Pipe Infrastr. Constr. Constr. Acquisition Improv. Existing Future Existing Future 

 Number Improv. Street Limits Diam. Length Cost1 Cost Costs Cost1 Cost1,2 Cost4 Cost1,2,3,4 Users Users Users Users

(in) (ft) ($) ($) ($) ($) ($) ($) ($) ($) ($)

Improvements to Meet Fire Flow Criteria

FF-1 Detail 3 Pipe Maple St From Pine St to Noble St 8 Parallel 990 36 35,809 35,809 42,970 53,713 FY 2013 - 2015 West Madera/ N/A 100% 53,713

FF-2 Detail 3 Pipe Rotan Ave From Howard Rd to Plumas St 8 Parallel 740 36 26,766 26,766 32,119 40,149 FY 2013 - 2015 West Madera/ N/A 100% 40,149

FF-3 Detail 3 Pipe Plumas St From Rotan Ave approx 330 ft west 8 Parallel 330 36 11,936 11,936 14,323 17,904 FY 2013 - 2015 West Madera 100% 17,904

FF-4 Detail 3 Pipe Olive Ave From Grove St to Cypress St 12 New 730 49 35,780 35,780 42,936 53,671 FY 2013 - 2015 West Madera 100% 53,671

Subtotal - Existing Deficiencies 165,437 165,437
Expansion Improvements - Northwest Quadrant

PNW-1 Detail 1 Pipe Rd 23 From Ave 14 1/2 to Future River Rd 18 New 2,950 84 247,926 247,926 297,511 371,888 FY 2026 - 2030 Northwest Madera/ 
West Madera

100% 371,888

PNW-2 Detail 1 Pipe Future River Rd From Rd 23 to Rd 22 1/2 12 New 2,775 49 136,014 136,014 163,217 204,022 FY 2041 - 2050 Northwest Madera 100% 204,022

PNW-3 Detail 1 Pipe Future River Rd From Rd 22 1/2 to Rd 22 12 New 2,900 49 142,141 142,141 170,569 213,212 FY 2041 - 2050 Northwest Madera 100% 213,212

PNW-4 Detail 1 Pipe Rd 22 From Future River Rd to Ave 15 1/2 12 New 1,175 49 57,592 57,592 69,110 86,388 FY 2041 - 2050 Northwest Madera 100% 86,388

PNW-5 Detail 1 Pipe Rd 22 1/2 From Future River Rd to Ave 15 1/2 12 New 1,975 49 96,803 96,803 116,164 145,205 FY 2041 - 2050 Northwest Madera 100% 145,205

PNW-6 Detail 1 Pipe Rd 23 From Future River Rd to Ave 15 1/2 18 New 2,225 84 186,995 186,995 224,394 280,492 FY 2021 - 2025 Northwest Madera 100% 280,492

PNW-7 Detail 1 Pipe Ave 15 1/2 From Rd 22 to Rd 22 1/2 12 New 2,700 49 132,338 132,338 158,806 198,507 FY 2041 - 2050 Northwest Madera 100% 198,507

PNW-8 Detail 1 Pipe Ave 15 1/2 From Rd 22 1/2 to Rd 23 12 New 2,725 49 133,564 133,564 160,276 200,346 FY 2041 - 2050 Northwest Madera 100% 200,346

PNW-9 Detail 1 Pipe Rd 22 From Ave 15 1/2 to Ave 16 12 New 2,800 49 137,240 137,240 164,688 205,860 FY 2041 - 2050 Northwest Madera 100% 205,860

PNW-10 Detail 1 Pipe Rd 22 1/2 From Ave 15 1/2 to Ave 16 12 New 2,800 49 137,240 137,240 164,688 205,860 FY 2041 - 2050 Northwest Madera 100% 205,860

PNW-11 Detail 1 Pipe Rd 23 From Ave 15 1/2 to Ave 16 18 New 2,800 84 235,319 235,319 282,383 352,979 FY 2021 - 2025 Northwest Madera 100% 352,979

PNW-12 Detail 1 Pipe Ave 16 From Rd 22 to Rd 22 1/2 12 New 2,700 49 132,338 132,338 158,806 198,507 FY 2041 - 2050 Northwest Madera 100% 198,507

PNW-13 Detail 1 Pipe Ave 16 From Rd 22 1/2 to Rd 23 12 New 2,725 49 133,564 133,564 160,276 200,346 FY 2041 - 2050 Northwest Madera 100% 200,346

PNW-14 Detail 1 Pipe Rd 22 From Ave 16 to Ave 16 1/2 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 Northwest Madera 100% 194,831

PNW-15 Detail 1 Pipe Rd 22 1/2 From Ave 16 to Ave 16 1/2 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 Northwest Madera 100% 194,831

PNW-16 Detail 1 Pipe Rd 23 From Ave 16 to Ave 16 1/2 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2021 - 2025 Northwest Madera 100% 334,069

PNW-17 Detail 1 Pipe Ave 16 1/2 From Rd 22 to Rd 22 1/2 12 New 2,700 49 132,338 132,338 158,806 198,507 FY 2041 - 2050 Northwest Madera 100% 198,507

PNW-18 Detail 1 Pipe Ave 16 1/2 From Rd 22 1/2 to Rd 23 12 New 2,725 49 133,564 133,564 160,276 200,346 FY 2041 - 2050 Northwest Madera 100% 200,346

PNW-19 Detail 1 Pipe Rd 22 From Ave 16 1/2 to Ave 17 12 New 2,600 49 127,437 127,437 152,924 191,155 FY 2041 - 2050 Northwest Madera 100% 191,155

PNW-20 Detail 1 Pipe Rd 22 1/2 From Ave 16 1/2 to Ave 17 12 New 2,600 49 127,437 127,437 152,924 191,155 FY 2041 - 2050 Northwest Madera 100% 191,155

PNW-21 Detail 1 Pipe Rd 23 From Ave 16 1/2 to Ave 17 18 New 2,600 84 218,511 218,511 262,213 327,766 FY 2021 - 2025 Northwest Madera 100% 327,766

PNW-22 Detail 1 Pipe Ave 17 From Rd 22 to Rd 22 1/2 12 New 2,700 49 132,338 132,338 158,806 198,507 FY 2041 - 2050 Northwest Madera 100% 198,507

PNW-23 Detail 1 Pipe Ave 17 From Rd 22 1/2 to Rd 23 12 New 2,725 49 133,564 133,564 160,276 200,346 FY 2041 - 2050 Northwest Madera 100% 200,346

PNW-24 Detail 1 Pipe Rd 23 From Ave 17 to Ave 18 12 New 5,275 49 258,550 258,550 310,260 387,825 FY 2041 - 2050 Airport North/ N/A 100% 387,825

PNW-25 Detail 1 Pipe Ave 17 From Rd 23 to Airport Dr 24 New 6,550 140 917,744 917,744 1,101,292 1,376,615 FY 2021 - 2025 Airport North/ N/A 100% 1,376,615

PNW-26 Detail 1 Pipe Golden State Blvd From Ave 17 to approx 800 ft n/o Ave 17 20 New 800 112 89,668 89,668 107,602 134,502 FY 2016 - 2020 N/A 100% 134,502

PNW-27 Detail 1 Pipe Golden State Blvd From approx 800 ft n/o Ave 17 to Ave 18 12 New 6,425 49 314,916 314,916 377,899 472,374 FY 2041 - 2050 Airport North/ N/A 100% 472,374

PNW-28 Detail 1 Pipe Ave 18 From Golden State Blvd to Rd 23 12 New 2,300 49 112,733 112,733 135,279 169,099 FY 2041 - 2050 Airport North 100% 169,099

PNW-29 Detail 1 Pipe Aviation Dr Crossing Airport Dr to connect 12-inch lines 12 New 90 49 4,411 4,411 5,294 6,617 FY 2013 - 2015 N/A 100% 0% 6,617

PNW-30 Detail 1 Pipe Aviation Dr Connect existing 12-inch lines in Aviation Dr near Falcon Dr 12 New 170 49 8,332 8,332 9,999 12,499 FY 2013 - 2015 N/A 100% 0% 12,499

PNW-31 Detail 1 Pipe Kennedy St From Rd 23 to Rd 24 12 New 5,325 49 261,001 261,001 313,201 391,501 FY 2021 - 2025 Northwest Madera 100% 391,501

PNW-32 Detail 1 Pipe Kennedy St From Rd 24 to Rd 24 1/2 12 New 2,500 49 122,535 122,535 147,043 183,803 FY 2021 - 2025 Northwest Madera 100% 183,803

PNW-33 Detail 1 Pipe Rd 24 From Cleveland Ave to Kennedy St 12 New 2,725 49 133,564 133,564 160,276 200,346 FY 2021 - 2025 Northwest Madera 100% 200,346

PNW-34 Detail 1 Pipe Westberry Blvd From Cleveland Ave to Kennedy St 12 New 3,225 49 158,071 158,071 189,685 237,106 FY 2016 - 2020 Northwest Madera 100% 237,106

PNW-35 Detail 1 Pipe Granada Dr From Beechwood Wy to approx 150 ft s/o Plumwood Wy 12 New 470 49 23,037 23,037 27,644 34,555 FY 2013 - 2015 Northwest Madera 100% 34,555

PNW-36 Detail 1 Pipe Ave 15 1/2 From Rd 23 to Rd 24 12 New 5,250 49 257,325 257,325 308,789 385,987 FY 2036 - 2040 Northwest Madera 100% 385,987

PNW-37 Detail 1 Pipe Cleveland Ave From Rd 24 to Rd 24 1/4 12 New 1,500 49 73,521 73,521 88,226 110,282 FY 2021 - 2025 Northwest Madera 100% 110,282

PNW-38 Detail 1 Pipe Cleveland Ave From Rd 24 1/4 to Westberry Blvd 12 New 1,150 49 56,366 56,366 67,640 84,549 FY 2021 - 2025 Northwest Madera 100% 84,549

PNW-39 Detail 1 Pipe Rd 24 From Cleveland Ave to Fairway Ave ext 12 New 1,350 49 66,169 66,169 79,403 99,254 FY 2016 - 2020 Northwest Madera 100% 99,254

PNW-40 Detail 1 Pipe Rd 24 1/4 From Cleveland Ave to Fairway Ave ext 8 New 1,350 36 48,830 48,830 58,596 73,245 FY 2016 - 2020 Northwest Madera 100% 73,245

PNW-41 Detail 1 Pipe Fairway Ave ext From Rd 24 to Rd 24 1/4 8 New 1,500 36 54,256 54,256 65,107 81,384 FY 2016 - 2020 Northwest Madera 100% 81,384

PNW-42 Detail 1 Pipe Fairway Ave ext From Rd 24 1/4 to existing Fairway Ave 8 New 670 36 24,234 24,234 29,081 36,351 FY 2016 - 2020 Northwest Madera 100% 36,351

Pipeline and Appurtenances Costs

Parallel / Replace 
/ New

VillageSuggested 
Phasing



Table 8.2   Capital Improvement Program
 Water System Master Plan
 City of Madera

Itemized Cost Estimate Suggested Cost 
Allocation Cost Sharing

Other Baseline Estimated Land Capital

Improvement Detail Sheet Type of Unit Pipe Infrastr. Constr. Constr. Acquisition Improv. Existing Future Existing Future 

 Number Improv. Street Limits Diam. Length Cost1 Cost Costs Cost1 Cost1,2 Cost4 Cost1,2,3,4 Users Users Users Users

(in) (ft) ($) ($) ($) ($) ($) ($) ($) ($) ($)

Pipeline and Appurtenances Costs

Parallel / Replace 
/ New

VillageSuggested 
Phasing

PNW-43 Detail 1 Pipe Rd 24 From Fairway Ave ext to Hampton Dr ext 12 New 1,250 49 61,268 61,268 73,521 91,902 FY 2016 - 2020 Northwest Madera 100% 91,902

PNW-44 Detail 1 Pipe Rd 24 1/4 From Fairway Ave ext to Hampton Dr ext 8 New 1,325 36 47,926 47,926 57,511 71,889 FY 2016 - 2020 Northwest Madera 100% 71,889

PNW-45 Detail 1 Pipe Hampton Dr ext From Rd 24 to Rd 24 1/4 12 New 1,525 49 74,747 74,747 89,696 112,120 FY 2016 - 2020 Northwest Madera 100% 112,120

PNW-46 Detail 1 Pipe Hampton Dr ext From Rd 24 1/4 to Westberry Blvd 12 New 1,125 49 55,141 55,141 66,169 82,711 FY 2016 - 2020 Northwest Madera 100% 82,711

PNW-47 Detail 1 Pipe Future River Rd From Rd 24 to proposed park 8 New 610 36 22,064 22,064 26,477 33,096 FY 2041 - 2050 Northwest Madera 100% 33,096

PNW-48 Detail 1 Pipe Proposed Park Jogs existing park alignment n/w approx 1,520 ft 8 New 1,525 36 55,160 55,160 66,192 82,740 FY 2041 - 2050 Northwest Madera 100% 82,740

PNW-49 Detail 1 Pipe Proposed Park From Cleveland Ave and Rd 24 s/w on park alignment 8 New 1,600 36 57,873 57,873 69,447 86,809 FY 2041 - 2050 Northwest Madera 100% 86,809

PNW-50 Detail 1 Pipe Proposed Park Jogs park alignment to approx 380 ft n/o Ave 15 8 New 4,200 36 151,916 151,916 182,299 227,874 FY 2041 - 2050 Northwest Madera 100% 227,874

PNW-51 Detail 1 Pipe Approx 380 ft n/o Ave 15 From end of park alignment to Rd 23 8 New 1,475 36 53,351 53,351 64,022 80,027 FY 2041 - 2050 Northwest Madera 100% 80,027

PNW-52 Detail 1 Pipe Ellis St Overcrossing From approx 580 ft n/o Kennedy St to Krohn St 12 New 2,125 49 104,155 104,155 124,986 156,233 FY 2016 - 2020 Central Madera/ N/A 100% 156,233

PNW-53 Detail 1 Pipe Sharon Rd From Ave 18 to approx 600 ft s/o Schmidt Creek Wy 12 New 6,100 49 298,987 298,987 358,784 448,480 FY 2041 - 2050 N/A 100% 448,480

PNW-54 Detail 1 Pipe Schmidt Creek Wy From Golden State Blvd to Sharon Rd 20 New 760 112 85,185 85,185 102,222 127,777 FY 2016 - 2020 N/A 100% 127,777

PNW-55 Detail 1 Pipe Sharon Rd From 600 ft s/o Schmidt Creek Wy to 830 ft n/o Ellis St 24 New 5,350 140 749,607 749,607 899,529 1,124,411 FY 2016 - 2020 N/A 100% 1,124,411

PNW-56 Detail 1 Pipe 830 ft n/o Ellis St From Sharon Rd to Krohn St 24 New 2,175 140 304,747 304,747 365,696 457,120 FY 2016 - 2020 Central Madera 100% 457,120

PNW-57 Detail 1 Pipe Krohn St From 830 ft n/o Ellis St to Ellis St 24 New 840 140 117,695 117,695 141,234 176,543 FY 2016 - 2020 Central Madera 100% 176,543

PNW-58 Detail 1 Pipe Krohn St From Sharon Rd to Ellis St 12 New 1,425 49 69,845 69,845 83,814 104,768 FY 2016 - 2020 Central Madera 100% 104,768

PNW-59 Detail 1 Pipe Sharon Rd From Krohn St to Clark St 12 New 1,475 49 72,296 72,296 86,755 108,444 FY 2016 - 2020 Central Madera 100% 108,444

PNW-60 Detail 1 Pipe Clark St From Sharon Rd to Country Club Dt 12 New 1,850 49 90,676 90,676 108,812 136,014 FY 2016 - 2020 Central Madera/ N/A 100% 136,014

PNW-61 Detail 1 Pipe Ellis St From Krohn St to Rd 26 24 New 2,825 140 395,821 395,821 474,985 593,731 FY 2016 - 2020 Central Madera 100% 593,731

PNW-62 Detail 1 Pipe Rd 26 From Clark St to Ellis St 12 New 2,500 49 122,535 122,535 147,043 183,803 FY 2016 - 2020 Central Madera/ N/A 100% 183,803

PNW-63 Detail 1 Pipe Clark St From approx 120 ft w/o Taylor St to 520 w/o Owens St 8 New 1,000 36 36,170 36,170 43,405 54,256 FY 2013 - 2015 Central Madera 100% 54,256

PNW-64 Detail 1 Pipe Ellis St From Rd 26 to D St 24 New 3,200 140 448,363 448,363 538,036 672,545 FY 2016 - 2020 Central Madera 100% 672,545

PNW-65 Detail 1 Pipe Existing pipe alignment From the water tank to South St 12 Parallel 140 49 6,862 6,862 8,234 10,293 FY 2013 - 2015 Central Madera 100% 10,293

PNW-66 Detail 1 Pipe South St From the water tank allignment to Sonora St 12 Parallel 240 49 11,763 11,763 14,116 17,645 FY 2013 - 2015 Central Madera 100% 17,645

14,814,250 19,116 14,795,134

Expansion Improvements - Northeast Quadrant

PNE-1 Detail 2 Pipe Ellis St From N D St to Lake St 12 New 2,050 49 100,479 100,479 120,575 150,719 FY 2016 - 2020 Central Madera 100% 150,719

PNE-2 Detail 2 Pipe Ellis St From N D St to Lake St 24 New 2,050 140 287,233 287,233 344,679 430,849 FY 2016 - 2020 Central Madera 100% 430,849

PNE-3 Detail 2 Pipe Lake St From Martin St to Ave 17 12 New 1,325 49 64,944 64,944 74,685 93,357 FY 2041 - 2050 Central Madera 100% 93,357

PNE-4 Detail 2 Pipe Lake St From Ellis St to Ave 17 24 New 3,450 140 483,392 483,392 555,900 694,876 FY 2016 - 2020 Central 
Madera/Madera 

100% 694,876

PNE-5 Detail 2 Pipe Ave 17 From Lake St to Ericho Dr 30 New 3,375 175 591,104 591,104 679,770 849,712 FY 2021 - 2025 Central Madera 100% 849,712

PNE-6 Detail 2 Pipe Ericho Dr From Ave 17 to Ellis St 12 New 3,450 49 169,099 169,099 194,464 243,080 FY 2021 - 2025 Central Madera 100% 243,080

PNE-7 Detail 2 Pipe Ave 17 From Ericho Dr to Harper Blvd 30 New 850 175 148,871 148,871 171,201 214,002 FY 2021 - 2025 Central Madera/ 
Northeast Madera 100% 214,002

PNE-8 Detail 2 Casing5,6 Ave 17 From Ericho Dr to Harper Blvd 50 New 200 1,000 200,000 200,000 230,000 287,500 FY 2021 - 2025 Central Madera/ 
Northeast Madera 100% 287,500

PNE-9 Detail 2 Pipe Ave 17 From Harper Blvd to Rd 28 30 New 1,175 175 205,792 205,792 236,661 295,826 FY 2021 - 2025 Northeast Madera 100% 295,826

PNE-10 Detail 2 Pipe Rd 28 From Ave 17 to Ave 17 1/2 12 New 2,625 49 128,662 128,662 147,962 184,952 FY 2041 - 2050 Northeast Madera 100% 184,952

PNE-11 Detail 2 Pipe Rd 28 From Ave 17 1/2 to Ave 17 3/4 12 New 1,175 49 57,592 57,592 66,230 82,788 FY 2041 - 2050 Northeast Madera 100% 82,788

PNE-12 Detail 2 Pipe Rd 28 From Ave 17 3/4 to Ave 18 12 New 1,500 49 73,521 73,521 84,549 105,687 FY 2041 - 2050 Northeast Madera 100% 105,687

PNE-13 Detail 2 Pipe Ave 17 1/2 From Rd 28 to Rd 27 1/2 12 New 2,550 49 124,986 124,986 143,734 179,668 FY 2041 - 2050 Northeast Madera 100% 179,668

PNE-14 Detail 2 Pipe Rd 27 1/2 From Ave 17 1/2 to Ave 17 3/4 12 New 1,175 49 57,592 57,592 66,230 82,788 FY 2041 - 2050 Northeast Madera 100% 82,788

PNE-15 Detail 2 Pipe Ave 17 3/4 From Rd 28 to Rd 27 1/2 12 New 2,550 49 124,986 124,986 143,734 179,668 FY 2041 - 2050 Northeast Madera 100% 179,668

PNE-16 Detail 2 Pipe Ave 17 3/4 From Rd 27 1/2 to Rd 27 12 New 2,775 49 136,014 136,014 156,417 195,521 FY 2041 - 2050 Northeast Madera 100% 195,521

PNE-17 Detail 2 Pipe Rd 27 From Ave 17 3/4 to Ave 18 12 New 1,475 49 72,296 72,296 83,140 103,925 FY 2041 - 2050 Northeast Madera 100% 103,925

PNE-18 Detail 2 Pipe Ave 18 From Rd 27 to Rd 28 12 New 5,275 49 258,550 258,550 297,332 371,665 FY 2041 - 2050 Northeast Madera 100% 371,665

PNE-19 Detail 2 Pipe Ave 17 From Rd 28 to Rd 28 1/2 30 New 2,675 175 468,505 468,505 538,780 673,475 FY 2031 -  2035 Northeast Madera 100% 673,475

PNE-20 Detail 2 Pipe Ave 17 1/2 From Rd 28 to Rd 28 1/2 12 New 2,675 49 131,113 131,113 150,780 188,475 FY 2041 - 2050 Northeast Madera 100% 188,475

PNE-21 Detail 2 Pipe Ave 18 From Rd 28 to Rd 28 1/2 12 New 2,675 49 131,113 131,113 150,780 188,475 FY 2041 - 2050 Northeast Madera 100% 188,475

PNE-22 Detail 2 Pipe Rd 28 1/2 From Ave 18 to Ave 17 1/2 12 New 2,700 49 132,338 132,338 152,189 190,236 FY 2041 - 2050 Northeast Madera 100% 190,236

PNE-23 Detail 2 Pipe Rd 28 1/2 From Ave 17 1/2 to Ave 17 12 New 2,625 49 128,662 128,662 147,962 184,952 FY 2041 - 2050 Northeast Madera 100% 184,952

Subtotal - Expansion Improvements-
Northwest Quadrant
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 Water System Master Plan
 City of Madera

Itemized Cost Estimate Suggested Cost 
Allocation Cost Sharing

Other Baseline Estimated Land Capital

Improvement Detail Sheet Type of Unit Pipe Infrastr. Constr. Constr. Acquisition Improv. Existing Future Existing Future 

 Number Improv. Street Limits Diam. Length Cost1 Cost Costs Cost1 Cost1,2 Cost4 Cost1,2,3,4 Users Users Users Users

(in) (ft) ($) ($) ($) ($) ($) ($) ($) ($) ($)

Pipeline and Appurtenances Costs

Parallel / Replace 
/ New

VillageSuggested 
Phasing

PNE-24 Detail 2 Pipe Rd 28 1/2 From Ave 17 to Oregon Ave 30 New 760 175 133,108 133,108 153,074 191,343 FY 2031 -  2035 Northeast Madera 100% 191,343

PNE-25 Detail 2 Pipe Rd 28 1/2 From Oregon Ave to Arizona Ave 30 New 860 175 150,622 150,622 173,215 216,519 FY 2031 -  2035 Northeast Madera 100% 216,519

PNE-26 Detail 2 Pipe Rd 28 1/2 From Arizona Ave to Harper Blvd 30 New 980 175 171,639 171,639 197,385 246,731 FY 2031 -  2035 Northeast Madera 100% 246,731

PNE-27 Detail 2 Pipe Rd 28 1/2 From Harper Blvd to Ellis St 30 New 860 175 150,622 150,622 173,215 216,519 FY 2031 -  2035 Northeast Madera 100% 216,519

PNE-28 Detail 2 Pipe Rd 28 1/2 From Ellis St to Raymond Rd 30 New 570 175 99,831 99,831 114,806 143,507 FY 2031 -  2035 Northeast Madera 100% 143,507

PNE-29 Detail 2 Pipe BNSF Bridge Fresno River Crossing 30 New 1,025 175 179,520 179,520 206,449 258,061 FY 2031 -  2035 Northeast Madera/ 
N/A 100% 258,061

PNE-30 Detail 2 Pipe Oregon Ave From Rd 28 1/2 to Tuolumne St 8 New 2,000 36 72,341 72,341 83,192 103,990 FY 2036 - 2040 Northeast Madera 100% 103,990

PNE-31 Detail 2 Pipe Arizona Ave From Rd 28 1/2 to Tuolumne St 8 New 2,000 36 72,341 72,341 83,192 103,990 FY 2036 - 2040 Northeast Madera 100% 103,990

PNE-32 Detail 2 Pipe Oregon Ave From Tuolumne St to Harper Blvd 8 New 900 36 32,553 32,553 37,436 46,796 FY 2036 - 2040 Northeast Madera 100% 46,796

PNE-33 Detail 2 Pipe Harper Blvd From Oregon Ave to Arizona Ave 8 New 1,250 36 45,213 45,213 51,995 64,994 FY 2036 - 2040 Northeast Madera 100% 64,994

PNE-34 Detail 2 Pipe Tuolumne St From Oregon Ave to Arizona Ave 8 New 860 36 31,107 31,107 35,773 44,716 FY 2036 - 2040 Northeast Madera 100% 44,716

PNE-35 Detail 2 Pipe Harper Blvd From Arizona Ave to Rd 28 1/2 8 New 2,425 36 87,713 87,713 100,870 126,088 FY 2036 - 2040 Northeast Madera 100% 126,088

PNE-36 Detail 2 Pipe Ellis St From Chapin St to Rd 28 1/2 12 New 3,750 49 183,803 183,803 211,374 264,217 FY 2036 - 2040 Central Madera/ 
Northeast Madera 100% 264,217

PNE-37 Detail 2 Casing5,6 Ellis St Crossing under railroad 32 New 200 640 128,000 128,000 147,200 184,000 FY 2036 - 2040 Central Madera/ 
Northeast Madera 100% 184,000

PNE-38 Detail 2 Pipe Ave 16 From Chapin St to Raymond Rd 12 New 1,525 49 74,747 74,747 85,959 107,448 FY 2036 - 2040 Central Madera 100% 107,448

PNE-39 Detail 2 Pipe Raymond Rd From Ave 16 to Rd 28 1/2 12 New 2,575 49 126,212 126,212 145,143 181,429 FY 2036 - 2040 Central Madera/ 
Northeast Madera 100% 181,429

PNE-40 Detail 2 Casing5,6 Raymond Rd Crossing under railroad 32 New 200 640 128,000 128,000 147,200 184,000 FY 2041 - 2050 Central Madera/ 
Northeast Madera 100% 184,000

PNE-41 Detail 2 Pipe Ave 17 From Rd 28 1/2 to Rd 29 12 New 2,650 49 129,888 129,888 149,371 186,713 FY 2041 - 2050 Northeast Madera 100% 186,713

PNE-42 Detail 2 Pipe Ave 17 From Rd 29 to the Fresno River 12 New 1,725 49 84,549 84,549 97,232 121,540 FY 2041 - 2050 Northeast Madera 100% 121,540

PNE-43 Detail 2 Pipe Raymond Rd ext From Rd 28 1/2  jogging to Rd 29 12 New 5,925 49 290,409 290,409 333,970 417,463 FY 2041 - 2050 Northeast Madera 100% 417,463

PNE-44 Detail 2 Pipe Rd 29 From Raymond Rd ext to Ave 17 12 New 1,600 49 78,423 78,423 90,186 112,733 FY 2041 - 2050 Northeast Madera 100% 112,733

PNE-45 Detail 2 Pipe Hwy 145 From Storey Rd to Azure Dr 12 New 2,125 49 104,155 104,155 119,778 149,723 FY 2016 - 2020 Downtown 100% 149,723

PNE-46 Detail 2 Pipe Hwy 145 From Azure Dr to Indigo Dr 12 New 890 49 43,623 43,623 50,166 62,708 FY 2016 - 2020 Downtown 100% 62,708

PNE-47 Detail 2 Pipe Hwy 145 From Indigo Dr to BNSF Rail crossing 12 New 2,500 49 122,535 122,535 140,916 176,145 FY 2036 - 2040 Downtown/ N/A 100% 176,145

PNE-48 Detail 2 Pipe Hwy 145 From BNSF Rail crossing to Rd 29 30 New 2,300 175 402,826 402,826 463,250 579,063 FY 2031 -  2035 N/A 100% 579,063

PNE-49 Detail 2 Casing5,6 Hwy 145 Crossing under MID main canal 50 New 200 1,000 200,000 200,000 230,000 287,500 FY 2031 -  2035 N/A 100% 287,500

PNE-50 Detail 2 Pipe Hwy 145 From Rd 29 to Rd 400 24 New 6,000 140 840,681 840,681 966,783 1,208,479 FY 2041 - 2050 N/A 100% 1,208,479

PNE-51 Detail 2 Pipe Hwy 145 From Rd 400 to Rio Plaza Rd 24 New 2,075 140 290,736 290,736 334,346 417,932 FY 2041 - 2050 N/A 100% 417,932

PNE-52 Detail 2 Pipe Hwy 145 From Rio Plaza Rd to Rd 30 1/2 24 New 800 140 112,091 112,091 128,904 161,131 FY 2041 - 2050 N/A 100% 161,131

PNE-53 Detail 2 Pipe Hwy 145 From Rd 30 1/2 to Rd 31 18 New 2,450 84 205,904 205,904 236,790 295,987 FY 2041 - 2050 N/A 100% 295,987

PNE-54 Detail 2 Pipe Hwy 145 From Rd 31 to El Dorado Dr 12 New 180 49 8,823 8,823 10,146 12,682 FY 2041 - 2050 N/A 100% 12,682

PNE-55 Detail 2 Pipe Hwy 145 From El Dorado Dr to El Camino Rd 12 New 1,700 49 83,324 83,324 95,823 119,778 FY 2041 - 2050 N/A 100% 119,778

PNE-56 Detail 2 Pipe Rd 400 From Hwy 145 to Rio Plaza Rd 12 New 2,200 49 107,831 107,831 124,006 155,007 FY 2041 - 2050 N/A 100% 155,007

PNE-57 Detail 2 Pipe Rd 400 From Rio Plaza Rd to El Camino Rd 12 New 5,900 49 289,184 289,184 332,561 415,702 FY 2041 - 2050 N/A 100% 415,702

PNE-58 Detail 2 Pipe Rio Plaza Rd From Rd 400 to Hwy145 8 New 890 36 32,192 32,192 37,020 46,276 FY 2041 - 2050 N/A 100% 46,276

PNE-59 Detail 2 Pipe El Dorado Dr From Hwy 145 to El Camino Rd 8 New 3,350 36 121,171 121,171 139,347 174,183 FY 2041 - 2050 N/A 100% 174,183

PNE-60 Detail 2 Pipe El Camino Rd From Hwy 145 to El Dorado Dr 12 New 2,000 49 98,028 98,028 112,733 140,916 FY 2041 - 2050 N/A 100% 140,916

PNE-61 Detail 2 Pipe El Camino Rd From El Dorado Dr to Rd 400 12 New 600 49 29,409 29,409 33,820 42,275 FY 2041 - 2050 N/A 100% 42,275

PNE-62 Detail 2 Pipe Rd 30 1/2 From Hwy 145 to James Ave 12 New 1,950 49 95,578 95,578 109,914 137,393 FY 2041 - 2050 N/A 100% 137,393

PNE-63 Detail 2 Pipe James Ave From Rd 30 1/2 to Rd 31 12 New 2,350 49 115,183 115,183 132,461 165,576 FY 2041 - 2050 N/A 100% 165,576

PNE-64 Detail 2 Pipe Rd 31 From Hwy 145 to Ave 17 12 New 480 49 23,527 23,527 27,056 33,820 FY 2041 - 2050 N/A 100% 33,820

PNE-65 Detail 2 Pipe Rd 31 From Ave 17 to James Ave 12 New 2,125 49 104,155 104,155 119,778 149,723 FY 2041 - 2050 N/A 100% 149,723

PNE-66 Detail 2 Pipe Ave 17 From Rd 31 to Ida Rd 12 New 2,100 49 102,930 102,930 118,369 147,962 FY 2041 - 2050 N/A 100% 147,962

PNE-67 Detail 2 Pipe James Ave From Rd 31 to Ida Rd 12 New 2,100 49 102,930 102,930 118,369 147,962 FY 2041 - 2050 N/A 100% 147,962

PNE-68 Detail 2 Pipe Ida Rd From Ave 17 to James Ave 12 New 2,100 49 102,930 102,930 118,369 147,962 FY 2041 - 2050 N/A 100% 147,962

PNE-69 Detail 2 Pipe Rd 29 From Hwy 145 to Ave 15 1/2 18 New 4,400 84 369,787 369,787 425,255 531,569 FY 2031 -  2035 N/A 100% 531,569

PNE-70 Detail 2 Casing5,6 Rd 29 Crossing under railroad 38 New 200 760 152,000 152,000 174,800 218,500 FY 2031 -  2035 N/A 100% 218,500

PNE-71 Detail 2 Pipe Ave 15 1/2 From approx 230 ft e/o Emerald Dr to Rd 28 1/2 12 New 1,350 49 66,169 66,169 76,095 95,118 FY 2031 -  2035 Parksdale 100% 95,118

PNE-72 Detail 2 Casing5,6 Ave 15 1/2 Crossing under Main Canal (MID) 32 New 200 640 128,000 128,000 147,200 184,000 FY 2031 -  2035 Parksdale 100% 184,000

PNE-73 Detail 2 Pipe Ave 15 1/2 From Rd 28 1/2 to Rd 29 12 New 2,600 49 127,437 127,437 146,552 183,191 FY 2031 -  2035 Parksdale/ N/A 100% 183,191

PNE-74 Detail 2 Pipe Tozer St From Clinton Ave to Ave 15 12 New 1,525 49 74,747 74,747 85,959 107,448 FY 2021 - 2025 Downtown/ Parksdale 100% 107,448

PNE-75 Detail 2 Pipe Rd 28 1/2 From Ave 15 1/2 to Ave 15 12 New 2,700 49 132,338 132,338 152,189 190,236 FY 2036 - 2040 Parksdale 100% 190,236
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PNE-76 Detail 2 Pipe Rd 29 From Ave 15 1/2 to Ave 15 18 New 2,700 84 226,915 226,915 260,952 326,190 FY 2031 -  2035 N/A 100% 326,190

PNE-77 Detail 2 Pipe Ave 15 From Rd 28 to Rd 28 1/2 12 New 2,650 49 129,888 129,888 149,371 186,713 FY 2036 - 2040 Parksdale 100% 186,713

PNE-78 Detail 2 Pipe Ave 15 From Rd 28 1/2 to Rd 29 12 New 2,650 49 129,888 129,888 149,371 186,713 FY 2036 - 2040 Parksdale/ N/A 100% 186,713

PNE-79 Detail 2 Casing5,6 Ave 15 Crossing under Main Canal (MID) 32 New 200 640 128,000 128,000 147,200 184,000 FY 2036 - 2040 100% 184,000

PNE-80 Detail 2 Pipe Ave 15 From Rd 29 to railroad 12 New 2,100 49 102,930 102,930 118,369 147,962 FY 2041 - 2050 N/A 100% 147,962

17,612,515 0 17,612,515

Expansion Improvements - Southwest Quadrant

PSW-1 Detail 3 Pipe Ave 14 1/2 From Rd 23 to Rd 23 1/2 18 New 2,625 84 220,612 220,612 264,734 330,918 FY 2031 -  2035 West Madera 100% 330,918

PSW-2 Detail 3 Pipe Ave 14 1/2 From Rd 23 1/2 to Rd 24 12 New 2,625 49 128,662 128,662 154,395 192,993 FY 2031 -  2035 West Madera 100% 192,993

PSW-3 Detail 3 Pipe Ave 14 1/2 From Rd 24 to Caitlan Dr 12 New 680 49 33,330 33,330 39,996 49,994 FY 2031 -  2035 West Madera 100% 49,994

PSW-4 Detail 3 Pipe Rd 23 1/2 From Ave 14 1/2 to Ave 14 18 New 2,700 84 226,915 226,915 272,298 340,372 FY 2036 - 2040 West Madera 100% 340,372

PSW-5 Detail 3 Pipe Rd 24 From Ave 14 1/2 to Ave 14 8 New 2,700 36 97,660 97,660 117,192 146,490 FY 2041 - 2050 West Madera 100% 146,490

PSW-6 Detail 3 Pipe Ave 14 From Rd 23 1/2 to Rd 24 12 New 2,625 49 128,662 128,662 154,395 192,993 FY 2041 - 2050 West Madera 100% 192,993

PSW-7 Detail 3 Pipe Ave 14 From Rd 24 to approx 150 ft w/o Asilomar Dr 12 New 650 49 31,859 31,859 38,231 47,789 FY 2041 - 2050 West Madera 100% 47,789

PSW-8 Detail 3 Pipe Rd 23 1/2 From Ave 14 to Ave 13 1/2 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2036 - 2040 West Madera 100% 334,069

PSW-9 Detail 3 Pipe Rd 24 From Ave 14 to Ave 13 1/2 8 New 2,650 36 95,852 95,852 115,022 143,778 FY 2041 - 2050 West Madera 100% 143,778

PSW-10 Detail 3 Pipe Rd 24 1/2 From Howard Rd to Ave 13 3/4 12 New 1,275 49 62,493 62,493 74,992 93,740 FY 2013 - 2015 West Madera 100% 93,740

PSW-11 Detail 3 Pipe Ave 13 1/2 From Rd 23 1/2 to Rd 24 12 New 2,625 49 128,662 128,662 154,395 192,993 FY 2036 - 2040 West Madera 100% 192,993

PSW-12 Detail 3 Pipe Ave 13 1/2 From Rd 24 to Rd 24 1/2 12 New 2,675 49 131,113 131,113 157,336 196,669 FY 2036 - 2040 West Madera 100% 196,669

PSW-13 Detail 3 Pipe Rd 23 1/2 From Ave 13 1/2 to Ave 13 18 New 2,600 84 218,511 218,511 262,213 327,766 FY 2036 - 2040 West Madera 100% 327,766

PSW-14 Detail 3 Pipe Rd 24 From Ave 13 1/2 to Ave 13 8 New 2,600 36 94,043 94,043 112,852 141,065 FY 2041 - 2050 West Madera 100% 141,065

PSW-15 Detail 3 Pipe Rd 24 1/2 From Ave 13 1/2 to Ave 13 12 New 2,600 49 127,437 127,437 152,924 191,155 FY 2016 - 2020 West Madera 100% 191,155

PSW-16 Detail 3 Pipe Ave 13 From Rd 23 1/2 to Rd 24 18 New 2,625 84 220,612 220,612 264,734 330,918 FY 2036 - 2040 West Madera 100% 330,918

PSW-17 Detail 3 Pipe Ave 13 From Rd 24 to Rd 24 1/2 12 New 2,675 49 131,113 131,113 157,336 196,669 FY 2036 - 2040 West Madera 100% 196,669

PSW-18 Detail 3 Pipe Rd 24 From Ave 13 to Ave 12 1/2 18 New 2,675 84 224,814 224,814 269,777 337,221 FY 2036 - 2040 N/A 100% 337,221

PSW-19 Detail 3 Pipe Rd 24 1/2 From Ave 13 to Ave 12 1/2 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSW-20 Detail 3 Casing5,6 Rd 24 1/2 Crossing under railroad 32 New 200 640 128,000 128,000 153,600 192,000 FY 2041 - 2050 N/A 100% 192,000

PSW-21 Detail 3 Pipe Rd 24 1/2 From Ave 12 1/2 to Ave 12 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSW-22 Detail 3 Pipe Ave 12 1/2 From Rd 23 1/2 to Rd 24 12 New 2,625 49 128,662 128,662 154,395 192,993 FY 2041 - 2050 N/A 100% 192,993

PSW-23 Detail 3 Pipe Ave 12 From Rd 23 1/2 to Rd 24 12 New 2,625 49 128,662 128,662 154,395 192,993 FY 2041 - 2050 N/A 100% 192,993

PSW-24 Detail 3 Pipe Rd 24 From Ave 12 1/2 to Ave 12 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2036 - 2040 N/A 100% 334,069

PSW-25 Detail 3 Pipe Ave 12 1/2 From Rd 24 to Rd 24 1/2 12 New 2,675 49 131,113 131,113 157,336 196,669 FY 2041 - 2050 N/A 100% 196,669

PSW-26 Detail 3 Pipe Ave 12 From Rd 24 to Rd 24 1/2 18 New 2,675 84 224,814 224,814 269,777 337,221 FY 2036 - 2040 N/A 100% 337,221

PSW-27 Detail 3 Pipe Rd 23 1/2 From Ave 12 1/2 to Ave 12 12 New 2,675 49 131,113 131,113 157,336 196,669 FY 2041 - 2050 N/A 100% 196,669

PSW-28 Detail 3 Pipe Ave 12 1/2 From Rd 24 1/2 to Rd 25 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSW-29 Detail 3 Pipe Ave 12 From Rd 24 1/2 to Rd 25 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2036 - 2040 N/A 100% 334,069

PSW-30 Detail 3 Pipe Rd 25 From Pecan Ave to Ave 12 1/2 12 New 2,675 49 131,113 131,113 157,336 196,669 FY 2036 - 2040 N/A 100% 196,669

PSW-31 Detail 3 Casing5,6 Rd 25 Crossing under railroad 32 New 200 640 128,000 128,000 153,600 192,000 FY 2036 - 2040 N/A 100% 192,000

PSW-32 Detail 3 Pipe Rd 25 From Ave 12 1/2 to Ave 12 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2036 - 2040 N/A 100% 194,831

PSW-33 Detail 3 Pipe Pecan Ave From Commerce Dr to Schnoor Ave 12 New 1,300 49 63,718 63,718 76,462 95,578 FY 2021 - 2025 N/A 100% 95,578

PSW-34 Detail 3 Pipe Ave 12 1/2 From Rd 25 to Rd 25 1/2 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSW-35 Detail 3 Pipe Ave 12 From Rd 25 to Rd 25 1/2 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2036 - 2040 N/A 100% 334,069

PSW-36 Detail 3 Pipe Schnoor Ave From Almond Ave to Pecan Ave 12 New 2,600 49 127,437 127,437 152,924 191,155 FY 2021 - 2025 N/A 100% 191,155

PSW-37 Detail 3 Casing5,6 Schnoor Ave Crossing under railroad 32 New 200 640 128,000 128,000 153,600 192,000 FY 2021 - 2025 N/A 100% 192,000

PSW-38 Detail 3 Pipe Rd 25 1/2 From Ave 13 to Ave 12 1/2 12 New 2,675 49 131,113 131,113 157,336 196,669 FY 2041 - 2050 N/A 100% 196,669

PSW-39 Detail 3 Pipe Rd 25 1/2 From Ave 12 1/2 to Ave 12 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSW-40 Detail 3 Pipe Pecan Ave From Rd 25 1/2 to Pine St 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2021 - 2025 N/A 100% 194,831

PSW-41 Detail 3 Pipe Ave 12 1/2 From Rd 25 1/2 to Rd 26 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSW-42 Detail 3 Pipe Ave 12 From Rd 25 1/2 to Rd 26 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2036 - 2040 N/A 100% 334,069

Subtotal - Expansion Improvements-
Northeast Quadrant



Table 8.2   Capital Improvement Program
 Water System Master Plan
 City of Madera

Itemized Cost Estimate Suggested Cost 
Allocation Cost Sharing

Other Baseline Estimated Land Capital

Improvement Detail Sheet Type of Unit Pipe Infrastr. Constr. Constr. Acquisition Improv. Existing Future Existing Future 

 Number Improv. Street Limits Diam. Length Cost1 Cost Costs Cost1 Cost1,2 Cost4 Cost1,2,3,4 Users Users Users Users

(in) (ft) ($) ($) ($) ($) ($) ($) ($) ($) ($)

Pipeline and Appurtenances Costs

Parallel / Replace 
/ New

VillageSuggested 
Phasing

PSW-43 Detail 3 Pipe Rd 26 From approx 1,050 ft n/o Ave 12 1/2 to Ave 12 1/2 12 New 1,050 49 51,465 51,465 61,758 77,197 FY 2036 - 2040 N/A 100% 77,197

PSW-44 Detail 3 Pipe Rd 26 From Ave 12 1/2 to Ave 12 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2036 - 2040 Parkwood 100% 194,831

PSW-45 Detail 3 Pipe Almond Ave From Pine St to Stadium Rd 12 New 2,600 49 127,437 127,437 152,924 191,155 FY 2013 - 2015 Parkwood/ N/A 50% 50% 95,578 95,578

PSW-46 Detail 3 Pipe Ave 12 1/2 From Rd 26 to Rd 26 1/2 12 New 2,600 49 127,437 127,437 152,924 191,155 FY 2041 - 2050 Parkwood 100% 191,155

PSW-47 Detail 3 Pipe Ave 12 From Rd 26 to Rd 26 1/2 18 New 2,600 84 218,511 218,511 262,213 327,766 FY 2036 - 2040 Parkwood 100% 327,766

PSW-48 Detail 3 Pipe Rd 26 1/2 From approx 1,050 ft n/o Ave 12 1/2 to Ave 12 1/2 12 New 1,050 49 51,465 51,465 61,758 77,197 FY 2041 - 2050 Parkwood 100% 77,197

PSW-49 Detail 3 Pipe Rd 26 1/2 From Ave 12 1/2 to Ave 12 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 Parkwood 100% 194,831

PSW-50 Detail 3 Pipe Pecan Ave From approx 480 ft w/o Monterey St to Monterey St 12 New 480 49 23,527 23,527 28,232 35,290 FY 2013 - 2015 Parkwood 30% 70% 10,587 24,703

PSW-51 Detail 3 Pipe Ave 12 1/2 From Rd 26 1/2 to Hwy 145 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 Parkwood 100% 194,831

PSW-52 Detail 3 Pipe Ave 12 From Rd 26 1/2 to Hwy 145 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2026 - 2030 Parkwood 100% 334,069

10,873,466 106,165 10,767,301

Expansion Improvements - Southeast Quadrant

PSE-1 Detail 4 Pipe Hwy 145 From Pecan Ave to Ave 12 1/2 12 New 2,675 49 131,113 131,113 157,336 196,669 FY 2026 - 2030 Parkwood 100% 196,669

PSE-2 Detail 4 Pipe Hwy 145 From Ave 12 1/2 to Ave 12 12 New 2,600 49 127,437 127,437 152,924 191,155 FY 2026 - 2030 Parkwood 100% 191,155

PSE-3 Detail 4 Pipe Pecan Ave From Madera Ave to approx 760 ft e/o Madera Ave 12 New 760 49 37,251 37,251 44,701 55,876 FY 2013 - 2015 Parkwood 90% 10% 50,289 5,588

PSE-4 Detail 4 Pipe Ave 12 From Hwy 145 to Rd 27 1/2 18 New 2,700 84 226,915 226,915 272,298 340,372 FY 2026 - 2030 Parkwood 100% 340,372

PSE-5 Detail 4 Pipe Rd 27 1/2 From Ave 12 to Burges Rd 12 New 2,100 49 102,930 102,930 123,516 154,395 FY 2031 -  2035 Parkwood 100% 154,395

PSE-6 Detail 4 Pipe Ave 12 From Rd 27 1/2 to Rd 28 1/4 18 New 3,900 84 327,766 327,766 393,319 491,649 FY 2026 - 2030 Parkwood 100% 491,649

PSE-7 Detail 4 Pipe Pecan Ave From approx 1,150 ft w/o Rd 28 1/4 to Rd 28 1/4 12 New 1,150 49 56,366 56,366 67,640 84,549 FY 2013 - 2015 Parkwood 100% 84,549

PSE-8 Detail 4 Pipe Rd 28 1/4 From Ave 12 to Ave 13 12 New 6,100 49 298,987 298,987 358,784 448,480 FY 2031 -  2035 Parkwood 100% 448,480

PSE-9 Detail 4 Pipe Ave 12 From Rd 28 1/4 to Goldern State Blvd 24 New 2,750 140 385,312 385,312 462,375 577,968 FY 2026 - 2030 Parkwood 100% 577,968

PSE-10 Detail 4 Casing5,6 Ave 12 Crossing under SR-99 44 New 300 880 264,000 264,000 316,800 396,000 FY 2026 - 2030 Parkwood 100% 396,000

PSE-11 Detail 4 Pipe Ave 12 From Golden State Blvd to Rd 29 24 New 1,300 140 182,148 182,148 218,577 273,221 FY 2026 - 2030 Parkwood/ 
Community College 100% 273,221

PSE-12 Detail 4 Pipe Golden State Blvd From approx 750 ft s/e of Ave 13 1/2 to Ave 13 12 New 2,450 49 120,085 120,085 144,102 180,127 FY 2013 - 2015 Parkwood 100% 180,127

PSE-13 Detail 4 Pipe Ave 13 From Rd 28 to Rd 28 1/4 12 New 1,775 49 87,000 87,000 104,400 130,500 FY 2013 - 2015 Parkwood/ 
Community College 100% 130,500

PSE-14 Detail 4 Casing5,6 Ave 13 Casing under Hwy 99 32 New 300 640 192,000 192,000 230,400 288,000 FY 2041 - 2050 Parkwood/ 
Community College 100% 288,000

PSE-15 Detail 4 Pipe Ave 13 From Rd 28 1/4 to Rd 28 1/2 12 New 1,150 49 56,366 56,366 67,640 84,549 FY 2026 - 2030 Community College 100% 84,549

PSE-16 Detail 4 Pipe Rd 28 From Knox St to Ave 13 12 New 2,175 49 106,606 106,606 127,927 159,909 FY 2026 - 2030 Parksdale 100% 159,909

PSE-17 Detail 4 Pipe Ave 13 1/2 From Rd 28 to Rd 28 1/2 8 New 2,650 36 95,852 95,852 115,022 143,778 FY 2036 - 2040 Parksdale 100% 143,778

PSE-18 Detail 4 Pipe Ave 14 1/2 From Rd 28 to Rd 28 1/2 8 New 2,650 36 95,852 95,852 115,022 143,778 FY 2036 - 2040 Parksdale 100% 143,778

PSE-19 Detail 4 Pipe Rd 28 From Ave 15 to Ave 14 1/2 12 New 2,175 49 106,606 106,606 127,927 159,909 FY 2021 - 2025 Parksdale 100% 159,909

PSE-20 Detail 4 Pipe Rd 28 1/2 From Ave 15 to Ave 14 1/2 8 New 2,625 36 94,947 94,947 113,937 142,421 FY 2036 - 2040 Parksdale 100% 142,421

PSE-21 Detail 4 Pipe Rd 28 1/2 From Ave 14 1/2 to Ave 14 8 New 2,650 36 95,852 95,852 115,022 143,778 FY 2036 - 2040 Parksdale 100% 143,778

PSE-22 Detail 4 Pipe Rd 28 1/2 From Ave 14 to Ave 13 1/2 8 New 2,650 36 95,852 95,852 115,022 143,778 FY 2036 - 2040 Parksdale 100% 143,778

PSE-23 Detail 4 Pipe Rd 28 1/2 From Ave 13 1/2 to Ave 13 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2036 - 2040 Parksdale 100% 194,831

PSE-24 Detail 4 Pipe Rd 28 1/2 From Ave 13 to Ave 12 1/2 12 New 2,100 49 102,930 102,930 123,516 154,395 FY 2036 - 2040 Community College 100% 154,395

PSE-25 Detail 4 Pipe Ave 14 1/2 From Rd 28 1/2 to Rd 29 8 New 2,650 36 95,852 95,852 115,022 143,778 FY 2036 - 2040 Parksdale 100% 143,778

PSE-26 Detail 4 Pipe Ave 14 From Rd 28 1/2 to Rd 29 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2036 - 2040 Parksdale 100% 194,831

PSE-27 Detail 4 Pipe Ave 13 1/2 From Rd 28 1/2 to Rd 29 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2036 - 2040 Parksdale 100% 194,831

PSE-28 Detail 4 Pipe Ave 13 From Rd 28 1/2 to Rd 29 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2026 - 2030 Community College 100% 194,831

PSE-29 Detail 4 Pipe Ave 12 1/2 From Rd 28 1/2 to Rd 29 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2036 - 2040 Community College 100% 194,831

PSE-30 Detail 4 Pipe Rd 29 From Ave 15 to Ave 14 1/2 18 New 2,650 84 222,713 222,713 267,255 334,069 FY 2031 -  2035 Parksdale/ N/A 100% 334,069

PSE-31 Detail 4 Casing5,6 Rd 29 Crossing under Main Canal (MID) 38 New 200 760 152,000 152,000 182,400 228,000 FY 2031 -  2035 Parksdale/ N/A 100% 228,000

PSE-32 Detail 4 Pipe Rd 29 From Ave 14 1/2 to Ave 14 20 New 2,650 112 297,026 297,026 356,431 445,538 FY 2031 -  2035 Parksdale 100% 445,538

PSE-33 Detail 4 Pipe Rd 29 From Ave 14 to Ave 13 1/2 24 New 2,625 140 367,798 367,798 441,358 551,697 FY 2031 -  2035 Parksdale 100% 551,697

PSE-34 Detail 4 Pipe Rd 29 From Ave 13 1/2 to Ave 13 24 New 2,650 140 371,301 371,301 445,561 556,951 FY 2031 -  2035 Parksdale 100% 556,951

PSE-35 Detail 4 Pipe Rd 29 From Ave 13 to Ave 12 1/2 24 New 2,250 140 315,255 315,255 378,307 472,883 FY 2041 - 2050 Community College 100% 472,883

PSE-36 Detail 4 Pipe Rd 29 From Ave 12 1/2 to Ave 12 24 New 2,950 140 413,335 413,335 496,002 620,002 FY 2041 - 2050 Community College 100% 620,002

PSE-37 Detail 4 Pipe Rd 29 From Ave 13 to Ave 12 24 New 5,500 140 770,624 770,624 924,749 1,155,937 FY 2026 - 2030 Parksdale/ 
Community College 100% 1,155,937

Subtotal - Expansion Improvements-
Southwest Quadrant



Table 8.2   Capital Improvement Program
 Water System Master Plan
 City of Madera

Itemized Cost Estimate Suggested Cost 
Allocation Cost Sharing

Other Baseline Estimated Land Capital

Improvement Detail Sheet Type of Unit Pipe Infrastr. Constr. Constr. Acquisition Improv. Existing Future Existing Future 

 Number Improv. Street Limits Diam. Length Cost1 Cost Costs Cost1 Cost1,2 Cost4 Cost1,2,3,4 Users Users Users Users

(in) (ft) ($) ($) ($) ($) ($) ($) ($) ($) ($)

Pipeline and Appurtenances Costs

Parallel / Replace 
/ New

VillageSuggested 
Phasing

PSE-38 Detail 4 Pipe Ave 14 1/2 From Rd 29 to Rd 29 1/2 12 New 2,725 49 133,564 133,564 160,276 200,346 FY 2041 - 2050 Parksdale/ N/A 100% 200,346

PSE-39 Detail 4 Casing5,6 Ave 14 1/2 Crossing under Main Canal (MID) 32 New 200 640 128,000 128,000 153,600 192,000 FY 2041 - 2050 Parksdale/ N/A 100% 192,000

PSE-40 Detail 4 Pipe Ave 14 From Rd 29 to Rd 29 1/2 12 New 2,725 49 133,564 133,564 160,276 200,346 FY 2041 - 2050 Parksdale/ N/A 100% 200,346

PSE-41 Detail 4 Casing5,6 Ave 14 Crossing under Main Canal (MID) 32 New 200 640 128,000 128,000 153,600 192,000 FY 2041 - 2050 Parksdale/ N/A 100% 192,000

PSE-42 Detail 4 Pipe Ave 13 1/2 From Rd 29 to Rd 29 1/2 8 New 2,725 36 98,564 98,564 118,277 147,847 FY 2041 - 2050 Parksdale 100% 147,847

PSE-43 Detail 4 Pipe Ave 13 From Rd 29 to Rd 29 1/2 18 New 2,725 84 229,016 229,016 274,819 343,524 FY 2041 - 2050 Community College 100% 343,524

PSE-44 Detail 4 Pipe Ave 12 1/2 From Rd 29 to Rd 29 1/2 8 New 2,725 36 98,564 98,564 118,277 147,847 FY 2041 - 2050 Community College 100% 147,847

PSE-45 Detail 4 Pipe Ave 12 From Rd 29 to Rd 29 3/4 18 New 3,825 84 321,463 321,463 385,755 482,194 FY 2041 - 2050 Community College 100% 482,194

PSE-46 Detail 4 Casing5,6 Ave 12 Crossing under Cottonwood Creek 38 New 200 760 152,000 152,000 182,400 228,000 FY 2041 - 2050 Community College 100% 228,000

PSE-47 Detail 4 Pipe Rd 29 1/2 From Ave 14 1/2 to Ave 14 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSE-48 Detail 4 Pipe Ave 14 From Rd 29 1/2 to approx 500 ft e/o Rd 29 1/2 12 New 500 49 24,507 24,507 29,409 36,761 FY 2041 - 2050 N/A 100% 36,761

PSE-49 Detail 4 Pipe Ave 14 From approx 500 ft e/o Rd 29 1/2 to Rd 30 12 New 2,070 49 101,459 101,459 121,751 152,189 FY 2041 - 2050 N/A 100% 152,189

PSE-50 Detail 4 Pipe Approx 500 ft e/o Rd 29 1/2 From Ave 14 to Ave 13 1/2 12 New 2,625 49 128,662 128,662 154,395 192,993 FY 2041 - 2050 N/A 100% 192,993

PSE-51 Detail 4 Pipe Rd 30 From Ave 14 to Ave 13 1/2 12 New 2,625 49 128,662 128,662 154,395 192,993 FY 2041 - 2050 N/A 100% 192,993

PSE-52 Detail 4 Pipe Ave 13 1/2 From Rd 29 1/2 to approx 500 ft e/o Rd 29 1/2 8 New 520 36 18,809 18,809 22,570 28,213 FY 2041 - 2050 Parksdale/ N/A 100% 28,213

PSE-53 Detail 4 Casing5,6 Ave 13 1/2 Crossing under Main Canal (MID) 28 New 520 560 291,200 291,200 349,440 436,800 FY 2041 - 2050 Parksdale/ N/A 100% 436,800

PSE-54 Detail 4 Pipe Ave 13 1/2 From approx 500 ft e/o Rd 29 1/2 to Rd 30 12 New 2,050 49 100,479 100,479 120,575 150,719 FY 2041 - 2050 N/A 100% 150,719

PSE-55 Detail 4 Pipe Rd 29 1/2 From Ave 13 1/2 to Ave 13 8 New 2,650 36 95,852 95,852 115,022 143,778 FY 2041 - 2050 Parksdale 100% 143,778

PSE-56 Detail 4 Pipe Rd 30 From Ave 13 1/2 to Ave 13 12 New 2,650 49 129,888 129,888 155,865 194,831 FY 2041 - 2050 N/A 100% 194,831

PSE-57 Detail 4 Pipe Ave 13 From Rd 29 1/2 to Rd 30 18 New 5,675 84 476,942 476,942 572,330 715,412 FY 2041 - 2050 Community College 100% 715,412

PSE-58 Detail 4 Casing5,6 Ave 13 Crossing under Cottonwood Creek 38 New 200 760 152,000 152,000 182,400 228,000 FY 2041 - 2050 Community College 100% 228,000

PSE-59 Detail 4 Pipe Ave 13 From Rd 30 to Rd 30 1/2 18 New 2,250 84 189,096 189,096 226,915 283,644 FY 2041 - 2050 Community College 100% 283,644

PSE-60 Detail 4 Pipe Ave 13 From Ave 30 1/2 to Ave 31 18 New 2,675 84 224,814 224,814 269,777 337,221 FY 2041 - 2050 Community College/ 
N/A 100% 337,221

PSE-61 Detail 4 Casing5,6 Ave 13 Crossing under railroad 38 New 200 760 152,000 152,000 182,400 228,000 FY 2041 - 2050 Community College/ 
N/A 100% 228,000

PSE-62 Detail 4 Pipe Rd 29 1/2 From Ave 13 to Ave 12 1/2 8 New 2,275 36 82,288 82,288 98,745 123,432 FY 2041 - 2050 Community College 100% 123,432

PSE-63 Detail 4 Pipe Rd 30 From Ave 13 to Ave 12 1/2 12 New 2,750 49 134,789 134,789 161,747 202,184 FY 2041 - 2050 Community College 100% 202,184

PSE-64 Detail 4 Pipe Rd 30 1/2 From Ave 13 to Ave 12 1/2 12 New 2,750 49 134,789 134,789 161,747 202,184 FY 2041 - 2050 Community College 100% 202,184

PSE-65 Detail 4 Pipe Rd 31 From Ave 13 to railroad 18 New 1,525 84 128,165 128,165 153,798 192,247 FY 2041 - 2050 Community College/ 
N/A 100% 192,247

PSE-66 Detail 4 Casing5,6 Rd 31 Crossing under railroad 38 New 200 760 152,000 152,000 182,400 228,000 FY 2041 - 2050 Community College/ 
N/A 100% 228,000

PSE-67 Detail 4 Pipe Rd 31 From railroad to Ave 12 18 New 3,775 84 317,261 317,261 380,713 475,891 FY 2041 - 2050 Community College 100% 475,891

PSE-68 Detail 4 Pipe Ave 12 From Rd 29 3/4 to Rd 30 18 New 1,650 84 138,670 138,670 166,404 208,005 FY 2041 - 2050 Community College 100% 208,005

PSE-69 Detail 4 Pipe Rd 29 3/4 From Ave 12 to Ave 12 1/4 8 New 1,300 36 47,022 47,022 56,426 70,532 FY 2041 - 2050 Community College 100% 70,532

PSE-70 Detail 4 Pipe Ave 12 1/4 From Rd 29 3/4 to Rd 30 8 New 1,650 36 59,681 59,681 71,617 89,522 FY 2041 - 2050 Community College 100% 89,522

PSE-71 Detail 4 Pipe Rd 30 From Ave 12 1/2 to Ave 12 1/4 12 New 1,225 49 60,042 60,042 72,051 90,064 FY 2041 - 2050 Community College 100% 90,064

PSE-72 Detail 4 Pipe Rd 30 From Ave 12 1/4 to Ave 12 12 New 1,300 49 63,718 63,718 76,462 95,578 FY 2041 - 2050 Community College 100% 95,578

PSE-73 Detail 4 Pipe Ave 12 From Rd 30 to Rd 30 1/2 18 New 2,600 84 218,511 218,511 262,213 327,766 FY 2041 - 2050 Community College 100% 327,766

PSE-74 Detail 4 Pipe Rd 30 1/2 From Ave 12 1/2 to Ave 12 12 New 2,500 49 122,535 122,535 147,043 183,803 FY 2041 - 2050 Community College 100% 183,803

PSE-75 Detail 4 Pipe Ave 12 From Rd 30 1/2 to Rd 31 18 New 2,725 84 229,016 229,016 274,819 343,524 FY 2041 - 2050 Community College 100% 343,524

PSE-76 Detail 4 Pipe Ave 12 From Rd 31 to railroad 12 New 2,700 49 132,338 132,338 158,806 198,507 FY 2041 - 2050 Community College 100% 198,507

19,249,997 50,289 19,199,708

Improvements - Storage Reservoirs7 (MG) $/gallon

T-1 Detail 2 Tank North Madera Ave 17 and Rd 27 6.75 New 0.84 5,636,781 5,636,781 6,764,137 100,000 8,580,171 FY 2016 - 2020 Central Madera 100% 8,580,171

T-2 Detail 4 Tank Southeast Madera Ave 13 and Rd 29 6.75 New 0.84 5,636,781 5,636,781 6,764,137 100,000 8,580,171 FY 2026 - 2030 Parksdale 100% 8,580,171

17,160,342 0 17,160,342

Improvements - Pump Stations7

PS-1 Detail 2 Pump North Madera Ave 17 and Rd 27 (Phase 1) 2 x 4300 gpm New 4,024,651 4,024,651 4,829,581 20,000 6,061,976 FY 2016 - 2020 Central Madera 100% 6,061,976

PS-2 Detail 4 Pump Southeast Madera Ave 17 and Rd 27 (Phase 2) 2 x 4300 gpm New 2,683,101 2,683,101 3,219,721 4,024,651 FY 2021 - 2025 Parksdale 100% 4,024,651

PS-3 Detail 2 Pump North Madera Ave 13 and Rd 29 (Phase 1) 2 x 4000 gpm New 3,809,879 3,809,879 4,571,855 20,000 5,739,818 FY 2026 - 2030 Central Madera 100% 5,739,818

PS-4 Detail 4 Pump Southeast Madera Ave 13 and Rd 29 (Phase 2) 2 x 4000 gpm New 2,539,919 2,539,919 3,047,903 3,809,879 FY 2031 - 2035 Parksdale 100% 3,809,879

Subtotal - Expansion Improvements-
Storage Reservoirs

Subtotal - Expansion Improvements-
Southeast Quadrant



Table 8.2   Capital Improvement Program
 Water System Master Plan
 City of Madera

Itemized Cost Estimate Suggested Cost 
Allocation Cost Sharing

Other Baseline Estimated Land Capital

Improvement Detail Sheet Type of Unit Pipe Infrastr. Constr. Constr. Acquisition Improv. Existing Future Existing Future 

 Number Improv. Street Limits Diam. Length Cost1 Cost Costs Cost1 Cost1,2 Cost4 Cost1,2,3,4 Users Users Users Users

(in) (ft) ($) ($) ($) ($) ($) ($) ($) ($) ($)

Pipeline and Appurtenances Costs

Parallel / Replace 
/ New

VillageSuggested 
Phasing

19,636,325 0 19,636,325

Improvements - Groundwater Wells7,8 (gpm)

GW-1 Detail 3 Well Well No. 22 Pump Upgrade - Replace 250,000 250,000 300,000 375,000 FY 2021 - 2025 West Madera 100% 375,000

GW-2 Detail 2 Well Well No. 35 Ellis St approx 970 ft w/o Chapin St 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2013 - 2015 Central Madera 100% 0% 2,011,000

GW-3 Detail 2 Well Well No. 36 Hwy 145 and Indigo Dr 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2021 - 2025 Downtown 6% 94% 120,660 1,890,340

GW-4 Detail 1 Well Well No. 37 Granada Dr and Beechwood Wy 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2013 - 2015 Northwest Madera 100% 2,011,000

GW-5 Detail 4 Well New Well Ave 13 and Rd 28 1/2 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2036 - 2040 Community College 100% 2,011,000

GW-6 Detail 4 Well New Well Ave 12 1/2 and Rd 28 1/2 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2041 - 2050 Community College 100% 2,011,000

GW-7 Detail 4 Well New Well Ave 13 1/2 and Rd 28 1/2 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2036 - 2040 Parksdale 100% 2,011,000

GW-8 Detail 4 Well New Well Ave 13 and Rd 29 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2036 - 2040 Community College 100% 2,011,000

GW-9 Detail 4 Well New Well Almond Ave and Madera Ave 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2031 -  2035 Parkwood 100% 2,011,000

GW-10 Detail 4 Well New Well Ave 13 and Madera Ave 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2031 -  2035 Parkwood 100% 2,011,000

GW-11 Detail 3 Well New Well Almond Ave and Stadium Rd 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2031 -  2035 Parkwood 100% 2,011,000

GW-12 Detail 3 Well New Well Almond Ave and Rd 24 1/2 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2021 - 2025 West Madera 100% 2,011,000

GW-13 Detail 3 Well New Well Ave 13 and Rd 23 1/2 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2036 - 2040 West Madera 100% 2,011,000

GW-14 Detail 3 Well New Well Ave 13 1/2 and Rd 23 1/2 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2036 - 2040 West Madera 100% 2,011,000

GW-15 Detail 1 Well New Well Cleveland Ave and Rd 24 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2031 -  2035 Northwest Madera 100% 2,011,000

GW-16 Detail 1 Well New Well Ave 16 and Rd 24 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2036 - 2040 Northwest Madera 100% 2,011,000

GW-17 Detail 1 Well New Well Future River Rd and Rd 23 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2021 - 2025 Northwest Madera 100% 2,011,000

GW-18 Detail 1 Well New Well Ave 16 and Rd 23 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2021 - 2025 Northwest Madera 100% 2,011,000

GW-19 Detail 1 Well New Well Ave 16 and Rd 22 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2041 - 2045 Northwest Madera 100% 2,011,000

GW-20 Detail 1 Well New Well Future River Rd and Rd 22 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2041 - 2045 Northwest Madera 100% 2,011,000

GW-21 Detail 1 Well New Well Ave 17 and Rd 22 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2041 - 2045 Northwest Madera 100% 2,011,000

GW-22 Detail 1 Well New Well Ave 17 and Rd 23 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2026 - 2030 Northwest Madera 100% 2,011,000

GW-23 Detail 1 Well New Well Ave 18 and Rd 23 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2046 - 2050 Airport North 100% 2,011,000

GW-24 Detail 1 Well New Well Sharon Rd approx 600 ft s/o Schmidt Creek Wy 1,500 New 1,324,000 1,324,000 1,588,800 20,000 2,011,000 FY 2046 - 2050 N/A 100% 2,011,000

GEN-1 Generator Geneator 8 x Generator 8 New 800,000 800,000 960,000 1,200,000 Varies9 100% 1,200,000

TMT-1 Treatment Well Treatment 2 x Treatment 2 New 600,000 600,000 720,000 900,000 Varies9 100% 900,000

48,728,000 2,131,660 46,596,340

Capital Improvement Summary

148,240,331 2,472,666 145,767,665

8/12/2014

Subtotal - Expansion Improvements-
Groundwater Wells

Note:
1.  Unit Costs were escalated from the 1997 Master Plan (ENR 20-City Average CCI 5726), and reflect an ENR 20-City Average CCI of 9545 (August 2013) and are mixed based on responsibility of public vs 
private.
2.  Baseline construction costs plus 20% to account for unforeseen events and unknown conditions.
3.  Estimated construction cost plus 25% to cover other costs including: engineering design, project administration (developer and City staff), construction management and inspection, and legal costs.
4.  A land acquisition fee for the construction of storage reservoirs and pump station was assumed based on recent land acquisitions. 
 It was generally assumed that storage reservoirs will require 2.5 to 3 acres, and pump station will require 0.5 acre. Where available, actual land acquisition costs were used. 
5.  Proposed casings size assumed at 20-inches larger than carrier pipe.
6.  Casing costs are estimated at $20/in/LF and include the carrier pipe.
7.  Tank and pump station pricing can vary widely with site conditions.
8.  For cost estimating purposes, and under the direction of City staff, groundwater wells were assumed to have a general capacity of 1,500 gpm.
9.  Per City staff, 1 generator for every three wells, and 1 well treatment for every 10 wells.

City-Wide Total

Subtotal - Expansion Improvements-
Pump Stations
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compliance with the provisions of Assembly Bill AB 1600, the analysis differentiates between the 
project needs of servicing existing users and for those required to service anticipated future 
developments.  The cost responsibility is based on model parameters for existing and future land 
use, and may change depending on the nature of development.Table 8.2 lists each improvement, 
and separates the cost by responsibility between existing and future users. 

8.4 SUGGESTED EXPENDITURE BUDGET 
This section discusses the suggested expenditure budget for the capital improvement plan 
horizon as well as the recommended sequence of construction for capital improvement planning. 

8.4.1 Suggested Expenditure Budget 

The suggested expenditure budget is shown on Table 8.3, and includes the total costs for 
pipelines, tanks, pump stations, and wells phased by 5-year fiscal periods through the year 2050.  
Costs are categorized through the General Plan horizon of 2030 for near-term, immediate term, 
and long term planning.  Improvements beyond the General Plan horizon were considered 
extended range improvements, and consist mostly of buildout improvements intended to service 
future users outside the existing system.     

8.4.2 Sequence of Construction 

Suggested expenditure budget phasing is intended to provide general guidance for implementing 
the capital improvement projects listed in this master plan. Groundwater wells should be 
constructed to meet the peak hour supply capacity requirements in the west side of the Planning 
Area, and to meet the maximum day demand of the east side of the Planning Area. To 
accommodate growth in the east, it is recommended that the transmission main, storage 
reservoir, and booster station improvements be assigned a high priority for construction.  Phasing 
and implementation of a sequence of construction is subject to the approval of the City engineer. 
  



Table 8.3   Suggested Expenditure Budget
        Water System Master Plan
        City of Madera

Suggested Expenditure Budget1

General Plan Horizon Beyond General Plan Horizon2,3

Near-Term Intermediate 
Term Long-Term Extended Range

FY 2013 - 2015 FY 2016 - 2020 FY 2021 - 2025 FY 2026 - 2030 FY 2031 -  2035 FY 2036 - 2040 FY 2041 - 2045 FY 2046 - 2050

Pipelines $1,072,540 $6,541,883 $6,473,443 $4,768,220 $7,644,322 $9,445,963 $13,384,646 $15,395,646

Tanks $8,580,171 $8,580,171

Pump Stations $6,061,976 $4,024,651 $5,739,818 $3,809,879

Wells $4,622,000 $8,719,000 $2,161,000 $8,644,000 $12,216,000 $6,183,000 $4,172,000

Total $5,694,540 $21,184,030 $19,217,094 $21,249,209 $20,098,201 $21,661,963 $19,567,646 $19,567,646

Cumulative Cost $5,694,540 $26,878,570 $46,095,664 $67,344,874 $87,443,075 $109,105,038 $128,672,685 $148,240,331

Notes: 7/21/2014

1.  This expenditure budget is suggested, and is dependent on the City's rate of growth.  The City is not bound by this budget and may implement capital improvement projects as funding is available.

2.  Phasing on this table is based on the extended horizon of available land use within the Planning Area.

3.  The extended horizon is based on expected population growth and available residential land uses within the Planning Area.

Project Type
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MEMO 
 
 

To:    Tony Akel 
From:  Ken Schmidt 
Topic: City of Madera M.P. 
       Vertical Changes in Groundwater Quality 
Date:  March 1, 2012 
 
 Substantial information on vertical trends in groundwater 
quality has been obtained from test wells and a pilot hole at ten 
sites in or near the City.  Since 1994, this information has been 
obtained prior to designing and constructing new City wells.  Such 
test wells and holes provide detailed descriptions of the colors 
and textures of subsurface deposits, depth to water at various 
depths, and the chemical quality of groundwater at specific depths. 
 

Subsurface Geologic Conditions 
 Texture is highly important because coarse-grained strata 
normally produce most of the water from a new well.  In contrast, 
fine-grained deposits particularly clay or silt layers act as 
confining beds that limit the vertical movement of groundwater.  
Concentrations of a number of specific chemical constituents are 
often different above and below the most significant confining 
beds.  The most significant confining beds result in having the 
largest differences in water levels and groundwater quality between 
the overlying and underlying coarse grained strata.  Along much of 
the east side of the San Joaquin Valley, the upper most deposits 
are primarily brown and red in color, indicative of oxidized 
conditions.  The underlying deposits are primarily blue, green, 
gray, or black in color, indicative of reduced conditions.  These 
conditions are extremely important in terms of groundwater quality.  
In and near the  City, the base of the oxidized deposits ranges 
from about 450 feet deep to the northeast to more than 700 feet 
deep to the southwest.  Lines of equal depth of the base of the 
oxidized deposits trend approximately from the northwest to 
southeast through the City of Madera. 
 

Constituents of Concern 
 Along the east side of the valley, the following constituents 
can be of concern, relative to maximum contaminant levels for 
public water supplies: 
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  Nitrate, iron, manganese, and arsenic 
  Uranium (alpha activity) 
  DBCP, EDB, 1,2,3-TCP 
  Volatile halocarbons (mainly in urban areas) 
 
These constituents along with electrical conductivity, total dis-
solved solids (TDS), and pH are frequently determined in water sam-
ples from test wells and pilot holes.  Hydrogen sulfide odor and 
methane gas have also been a problem in parts of the Madera area. 
 Some of the constituents of concern are associated with nat-
ural factors.  Included are iron, manganese, arsenic, and uranium.  
High uranium activities tend to be present in the shallow ground-
water (in the oxidized deposits), and are primarily indicated to be 
west of the main part of the City (ie. at the Howard School and the 
City WWTF).  In contrast, high concentrations of iron, manganese, 
and arsenic are often associated with the reduced deposits.  In and 
near the City, high manganese concentrations have also been found 
in some depth intervals in the oxidized deposits.  Hydrogen sulfide 
and methane gas are normally found only in the deep reduced depos-
its.   
 Nitrate, DBCP, EDB, and 1,2,3 TCP are normally present in the 
shallow groundwater (upper part of the oxidized deposits) and are 
associated with agricultural practices.  Volatile halocarbons are 
usually associated with industries using solvents, and are normally 
present only in the shallow groundwater. 
 

City Test Wells and Pilot Hole 
 Good quality groundwater has usually been found in the oxi-
dized deposits in and near the City.  High nitrate concentrations 
have generally not been indicated, even in the shallow groundwater.  
DBCP concentrations over the MCL were found above a depth of about 
360 feet at TW-34 (located just east of Highway 99 and Avenue 13-
1/2).  Previous studies have indicated high DBCP concentrations in 
shallow groundwater south of the City, such as in the Ripperdan 
area.  A detection limit of 10 parts per trillion (ppt) has been 
used for 1,2,3-TCP analyses for City test wells since about 1995.  
No exceedences of this concentration have been indicated.  The most 
common problem constituent indicated in water from test wells in 
the City has been manganese, and the second has been iron.  Concen-
trations of both constituents often exceed the respective MCLs in 
groundwater in the reduced deposits.  However, iron concentrations 
in groundwater in part of the oxidized deposits at three sites have 
exceeded the recommended MCL of 0.3 mg/l.  Arsenic concentrations 
exceeding the MCL of 10 ppb have been found in groundwater in re-
duced deposits at two test wells (TW-31 and TW-38).  The first of 
these test wells was west of Road 28, between Sunrise and Olive 
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Avenues.  The second was north of Avenue 17 and east of Highway 99.  
Except for the most northeasterly sites (more than about a mile 
north of Highway 99), new City wells have been developed without 
the need for iron or manganese treatment. 
 

Summary and Conclusions 
 The most favorable sites for developing new City public supply 
wells are in the area southwest of Highway 99.  The oxidized depos-
its are usually more than 550 feet thick in this part of the City.  
The oxidized deposits are more than 700 feet thick southwest of a 
line extending from near Sunset Avenue and Westberry Blvd to the 
northwest to Avenue 13-1/2 and Road 27-1/2 on the southeast.  Thus 
southwest of this line is the most favorable area to develop new 
City public supply wells in the planning area. 
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1 Regulations 
1.1 Existing Regulations 
Water systems with groundwater sources are primarily regulated by monitoring contaminant levels. A few 
other regulatory rules also apply, including the Total Coliform Rule, Groundwater Rule, Lead and Copper 
Rule, and Unregulated Contaminants Monitoring Rule. These rules, along with contaminant level 
requirements, are discussed in this section.  

1.1.1 Maximum Contaminant Levels and Public Health Goals1 
There are currently over 80 contaminants that are regulated by health protective drinking water standards set 
by the California Department of Public Health (CDPH) and the California Environmental Protection 
Agency’s (EPA) Office of Environmental Health Hazard (OEHHA).  

Each regulated contaminant has, or eventually will have, both of the following assigned to them: 

1. Public health goals (PHG) – OEHHA established concentrations of drinking water contaminants 
that pose no significant health risk if consumed for a lifetime, based on current risk assessment 
principles, practices, and methods. PHGs can also be used by water systems to provide information 
about drinking water contaminants in their annual Consumer Confidence Report (CCR).  

2.  Maximum contaminant level (MCL) – CDPH health protective drinking water standards to be met 
by public water systems.  MCLs take into account not only chemicals' health risks but also factors 
such as their detectability and treatability, as well as costs of treatment. MCLs are found in Title 22 of 
the California Code of Regulations and have been adopted from Federal EPA MCLs.  

OEHHA establishes PHGs pursuant to Health & Safety Code §116365(c) for contaminants with MCLs, and 
for those for which CDPH will be adopting MCLs. Health & Safety Code §116365(a) requires CDPH to 
establish a contaminant's MCL at a level as close to its PHG as is technically and economically feasible, 
placing primary emphasis on the protection of public health.  

Almost all of the regulated contaminants are also assigned detection limits for purposes of reporting (DLR). 
These limits are set by CDPH and are levels at which CDPH is confident about quantification being reported 
by analytical laboratories. 

The City’s CCR reports from 2006-2010 do not report the exceedence of any of the MCLs for any of the 
constituents. Water well #27 has historically exceeded the MCLs for DBCP and EDB, however, as these 
constituents are removed downstream using a filtration system, this is not considered a violation.  

  

                                                      
1 “Comparison of MCLs and PHGs for Regulated Contaminants in Drinking Water” California Department of Public Health, 
February 28, 2011. http://www.cdph.ca.gov/certlic/drinkingwater/Pages/MCLsandPHGs.aspx 
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Table 1 lists the MCLs, DLRs, and PHGs for regulated drinking water contaminants. 

The City’s CCR reports from 2006-2010 do not report the exceedence of any of the MCLs for any of the 
constituents. Water well #27 has historically exceeded the MCLs for DBCP and EDB, however, as these 
constituents are removed downstream using a filtration system, this is not considered a violation.  
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Table 1. MCLs, DLRs, and PHGs2 

Constituents MCL DLR PHG Date of PHG
Chemicals with MCLs in 22 CCR §64431—Inorganic Chemicals 

Aluminum  1 0.05 0.6 2001 

Antimony  0.006 0.006 0.02 1997 

Antimony  -- -- 0.0007 2009 draft 

Arsenic 0.010 0.002 0.000004 2004 

Asbestos (MFL = million fibers per 
liter; for fibers >10 microns long) 

7 MFL 0.2 MFL 7 MFL 2003 

Barium 1 0.1 2 2003 

Beryllium 0.004 0.001 0.001 2003 

Cadmium 0.005 0.001 0.00004 2006 

Chromium, Total - OEHHA withdrew 
the  0.0025-mg/L PHG 

0.05 0.01 withdrawn 
Nov. 2001 

1999 

Chromium-6 - MCL to be established 
- currently regulated under the total 
chromium MCL 

-- 0.001 0.00002 2010 draft 

Cyanide 0.15 0.1 0.15 1997 

Fluoride  2 0.1 1 1997 

Mercury (inorganic)  0.002 0.001 0.0012 1999 

Nickel  0.1 0.01 0.012 2001 

Nitrate (as NO3)  45 2 45 1997 

Nitrite (as N)  1 as N 0.4 1 as N 1997 

Nitrate + Nitrite  10 as N -- 10 as N 1997 

Perchlorate 0.006 0.004 0.006 2004 

Perchlorate -- -- 0.001 2011 draft 

Selenium  0.05 0.005 0.03 2010 

Thallium 0.002 0.001 0.0001 1999 

Copper and Lead, 22 CCR §64672.33 
Copper  1.3 0.05 0.3 2008 

Lead  0.015 0.005 0.0002 2009 

Radionuclides with MCLs in 22 CCR §64441 and §64443—Radioactivity4 
Gross alpha particle activity5  15 3 none n/a 

Gross beta particle activity6  4 mrem/yr 4 none n/a 

Radium-226 -- 1 0.05 2006 

Radium-228 -- 1 0.019 2006 

Radium-226 + Radium-228  5 -- -- -- 

                                                      
2 “MCLs, DLRs, and PHGs for Regulated Drinking Water Contaminants” California Department of Public Health, February 
24, 2011. http://www.cdph.ca.gov/certlic/drinkingwater/Documents/MCLreview/MCLs-DLRs-PHGs.xls 
3 Values referred to as MCLs for lead and copper are not actually MCLs; instead, they are called "Action Levels" under 
the lead and copper rule 
4 Units are picocuries per liter (pCi/L), unless otherwise stated; n/a = not applicable 
5 OEHHA concluded in 2003 that a PHG was not practical  
6 OEHHA concluded in 2003 that a PHG was not practical  
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Constituents MCL DLR PHG Date of PHG
Strontium-90  8 2 0.35 2006 

Tritium  20,000 1,000 400 2006 

Uranium  20 1 0.43 2001 

Chemicals with MCLs in 22 CCR §64444—Organic Chemicals 
(a) Volatile Organic Chemicals (VOCs) 

Benzene  0.001 0.0005 0.00015 2001 

Carbon tetrachloride  0.0005 0.0005 0.0001 2000 

1,2-Dichlorobenzene 0.6 0.0005 0.6 1997 

1,4-Dichlorobenzene (p-DCB)  0.005 0.0005 0.006 1997 

1,1-Dichloroethane (1,1-DCA) 0.005 0.0005 0.003 2003 

1,2-Dichloroethane (1,2-DCA) 0.0005 0.0005 0.0004 1999 

1,1-Dichloroethylene (1,1-DCE) 0.006 0.0005 0.01 1999 

cis-1,2-Dichloroethylene 0.006 0.0005 0.1 2006 

trans-1,2-Dichloroethylene 0.01 0.0005 0.06 2006 

Dichloromethane (Methylene 
chloride) 

0.005 0.0005 0.004 2000 

1,2-Dichloropropane 0.005 0.0005 0.0005 1999 

1,3-Dichloropropene 0.0005 0.0005 0.0002 1999 

Ethylbenzene 0.3 0.0005 0.3 1997 

Methyl tertiary butyl ether (MTBE)  0.013 0.003 0.013 1999 

Monochlorobenzene 0.07 0.0005 0.2 2003 

Styrene  0.1 0.0005 0.0005 2010 

1,1,2,2-Tetrachloroethane 0.001 0.0005 0.0001 2003 

Tetrachloroethylene (PCE)  0.005 0.0005 0.00006 2001 

Toluene 0.15 0.0005 0.15 1999 

1,2,4-Trichlorobenzene   0.005 0.0005 0.005 1999 

1,1,1-Trichloroethane (1,1,1-TCA) 0.2 0.0005 1 2006 

1,1,2-Trichloroethane (1,1,2-TCA) 0.005 0.0005 0.0003 2006 

Trichloroethylene (TCE)  0.005 0.0005 0.0017 2009 

Trichlorofluoromethane (Freon 11) 0.15 0.005 0.7 1997 

1,1,2-Trichloro-1,2,2-Trifluoroethane 
(Freon 113) 

1.2 0.01 4 1997 
(rev2011) 

Vinyl chloride  0.0005 0.0005 0.00005 2000 

Xylenes  1.75 0.0005 1.8 1997 

(b) Non-Volatile Synthetic Organic Chemicals (SOCs) 
Alachlor  0.002 0.001 0.004 1997 

Atrazine  0.001 0.0005 0.00015 1999 

Bentazon  0.018 0.002 0.2 1999 

Benzo(a)pyrene  0.0002 0.0001 0.000007 2010 

Carbofuran 0.018 0.005 0.0017 2000 

Chlordane  0.0001 0.0001 0.00003 1997 

Dalapon  0.2 0.01 0.79 1997 

1,2-Dibromo-3-chloropropane 
(DBCP) 

0.0002 0.00001 0.0000017 1999 
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Constituents MCL DLR PHG Date of PHG
2,4-Dichlorophenoxyacetic acid (2,4-
D) 

0.07 0.01 0.02 2009 

Di(2-ethylhexyl)adipate  0.4 0.005 0.2 2003 

Di(2-ethylhexyl)phthalate (DEHP)  0.004 0.003 0.012 1997 

Dinoseb  0.007 0.002 0.014 1997 

Diquat 0.02 0.004 0.015 2000 

Endrin  0.002 0.0001 0.0018 1999 

Endothal  0.1 0.045 0.58 1997 

Ethylene dibromide (EDB) 0.00005 0.00002 0.00001 2003 

Glyphosate  0.7 0.025 0.9 2007 

Heptachlor  0.00001 0.00001 0.000008 1999 

Heptachlor epoxide  0.00001 0.00001 0.000006 1999 

Hexachlorobenzene 0.001 0.0005 0.00003 2003 

Hexachlorocyclopentadiene 0.05 0.001 0.05 1999 

Lindane 0.0002 0.0002 0.000032 1999 

Methoxychlor 0.03 0.01 0.00009 2010 

Molinate 0.02 0.002 0.001 2008 

Oxamyl 0.05 0.02 0.026 2009 

Pentachlorophenol  0.001 0.0002 0.0003 2009 

Picloram  0.5 0.001 0.5 1997 

Polychlorinated biphenyls (PCBs) 0.0005 0.0005 0.00009 2007 

Simazine 0.004 0.001 0.004 2001 

2,4,5-TP (Silvex) 0.05 0.001 0.025 2003 

2,3,7,8-TCDD (dioxin)  3x10-8 5x10-9 5x10-11 2010 

Thiobencarb 0.07 0.001 0.07 2000 

Toxaphene 0.003 0.001 0.00003 2003 

Chemicals with MCLs in 22 CCR §64533—Disinfection Byproducts 
Total Trihalomethanes 0.080 -- 0.0008 2010 draft 

     Bromodichloromethane -- 0.0005 -- -- 

     Bromoform -- 0.0005 -- -- 

     Chloroform -- 0.0005 -- -- 

     Dibromochloromethane -- 0.0005 -- -- 

Haloacetic Acids (five) (HAA5) 0.060 -- -- -- 

     Monochloroacetic Acid -- 0.002 -- -- 

     Dichloroacetic Adic -- 0.001 -- -- 

     Trichloroacetic Acid -- 0.001 -- -- 

     Monobromoacetic Acid -- 0.001 -- -- 

     Dibromoacetic Acid -- 0.001 -- -- 

Bromate 0.010 0.005 0.0001 2009 

Chlorite 1.0 0.02 0.05 2009 

Chemicals with PHGs established in response to CDPH requests.  These are not currently 
regulated drinking water contaminants. 

N-Nitrosodimethylamine (NDMA) -- -- 0.000003 2006 

1,2,3-Trichloropropane -- -- 0.0000007 2009 
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1.1.2 Secondary MCLs7 
The CDPH has established secondary MCLs to address esthetic concerns such as taste and odor. Each water 
system shall monitor its groundwater sources or distribution system entry points representative of the effluent 
of source treatment every three years for the secondary MCLs listed in Table 2. Water systems are also 
required to monitor for bicarbonate, carbonate, hydroxide alkalinity, calcium, magnesium, sodium, pH, and 
total hardness. 

The City’s CCR reports from 2005-2010 do not report the exceedence of any of the secondary MCLs for any 
of the constituents. 

Table 2. Secondary MCLs 

Constituents, Units MCL/Units 
Aluminum, mg/L  0.2 
Color, Units 15 

Copper, mg/L  1.0 

Foaming Agents (MBAS) , mg/L 0.5 

Iron, mg/L 0.3 

Manganese, mg/L 0.05 

Methyl-tert-butyl ether (MTBE), mg/L 0.005 

Odor Threshold, Units 3 

Silver, mg/L 0.1 

Thiobencarb, mg/L 0.001 

Turbidity, Units 5 

Zinc, mg/L 5.0   

 Recommended Upper Short Term 
Total Dissolved Solids, mg/L 500 1,000 1,500 

     or    

Specific Conductance, µS/cm 900 1,600 2,200 

Chloride, mg/L 250 500 600 

Sulfate, mg/L 250 500 600 

1.1.3 Drinking Water Notification Levels8 
CDPH has established health-based advisory levels, called “notification levels” (referred to as “action levels” 
through 2004), as needed since the early 1980s. These have been used to provide information to public water 
systems and others about certain non-regulated chemicals in drinking water that lack MCLs. When chemicals 
are found at concentrations greater than these levels, certain requirements and recommendations apply. The 
level at which CDPH recommends removal of a drinking water source from service is called the "response 
level."  

                                                      
7“Secondary Maximum Contaminant Levels and Compliance” California Department of Public Health, California Code of 
Regulations, Title 22, Section 64449, May 2, 2006. 
8 “Drinking Water Notification Levels” California Department of Public Health May 22, 2011. 
http://www.cdph.ca.gov/certlic/drinkingwater/Pages/NotificationLevels.aspx 
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Chemicals for which notification levels are established may go through a formal regulatory process to 
eventually be regulated by MCLs, depending on the extent of contamination, the levels observed, and the risk 
to humans. Of the 93 contaminants ever assigned notification levels, 39 now have MCLs.  For these 
contaminants, the notification levels are no longer used. Thirty contaminants remain on the list of current 
notification levels. The remaining 24 contaminants have been archived and removed from the list.  CDPH 
generally archives notification levels after 10 years unless there have been reported detections.  These 
archived notification levels may be updated to reflect any new risk information that may become available, 
and they may be used as notification levels if needed.  If a chemical is detected above its archived advisory 
level, the requirements and recommendations are the same as for chemicals detected above their notifications 
and response levels.  

Lists of current notification levels and archived notification levels are provided in Table 3 and Table 4, 
respectively. 

Table 3. Notification Levels 

Chemical Notification Level (mg/L) 
Boron 1 
n-Butlybenzene 0.26 

sec-Butylbenzene 0.26 

tert-Butylbenzene 0.26 

Carbon disulfide 0.16 

Chlorate 0.8 

2-Chlorotoluene 0.14 

4-Chlorotoluene 0.14 

Diazinon 0.0012 

Dichlorodifluoromethane (Freon 12) 1 

1,4-Dioxane 0.001 

Ethylene glycol 14 

Formaldehyde 0.1 

HMX 0.35 

Isopropylbenzene 0.77 

Manganese 0.5 

Methyl isobutyl ketone (MIBK) 0.12 

Naphthalene 0.017 

N-Nitrosodiethyamine (NDEA) 0.00001 

N-Nitrosodimethylamine (NDMA) 0.00001 

N-Nitrosodi-n-propylamine (NDPA) 0.00001 

Propachlor 0.09 

n-Propylbenzene 0.26 

RDX 0.0003 

Tertiary butyl alcohol (TBA) 0.012 

1,2,3-Trichloropropane (1,2,3-TCP) 0.000005 

1,2,4-Trimethylbenzene 0.33 

1,3,5-Trimethylbenzene 0.33 

2,4,6-Trinitrotoluene (TNT) 0.001 
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Chemical Notification Level (mg/L) 
Vanadium 0.05 

 

Table 4. Archived Notification Levels 

Chemical Notification Level (mg/L) 
Aldicarb  0.007 
Aldrin  0.000002 

Baygon  0.03 

a-Benzene Hexachloride  0.000015 

b-Benzene Hexachloride  0.000025 

Captan  0.015 

Carbaryl  0.7 

Chloropicrin  0.05 

Chlorpropham (CIPC)  1.2 

1,3-Dichlorobenzene  0.6 

Dieldrin  0.000002 

Dimethoate  0.001 

2,4-Dimethylphenol  0.1 

Diphenamide  0.2 

Ethion  0.004 

Malathion  0.16 

N-Methyl dithiocarbamate 
(Metam sodium)  

0.00019 

Methylisothiocyanate  0.19 

Methyl parathion  0.002 

Parathion  0.04 

Pentachloronitrobenzene  0.02 

Phenol  4.2 

2,3,5,6-Tetrachloroterephthalate  3.5 

Trithion  0.007 

 

CDPH has also established response levels for chemicals present in concentrations considerably greater than 
their notification levels. CDPH recommends that the drinking water system take the source out of service if 
the response level is reached. The response level is 10 times the notification level, based on non-cancer 
endpoints, and from 10 to 100 times the notification level based on cancer risk established at the 10-6 risk 
level.   
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Table 5 summarizes response levels. 
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Table 5. Response Levels 

Chemical Toxicological Endpoint 
Response Level (Multiples of 

Notification Level, or NL) 
RDX Cancer Risk 100 times the NL 
TBA Cancer Risk 100 times the NL 
1,2,3-TCP Cancer Risk 100 times the NL 
TNT Cancer Risk 100 times the NL 
NDPA Cancer Risk 50 times the NL 
1,4 Dioxane Cancer Risk 35 times the NL 
NDMA Cancer Risk 30 times the NL 
NDEA Cancer Risk 10 times the NL 
All Others Non-Cancer 10 times the NL 

 

1.1.4 Unregulated Contaminants Monitoring Rule9 
EPA uses the Unregulated Contaminant Monitoring (UCM) program to collect data for contaminants that are 
suspected to be present in drinking water but that do not have health-based standards set under the Safe 
Drinking Water Act (SDWA). Every five years EPA reviews the list of contaminants, largely based on the 
Contaminant Candidate List.   

EPA identified and published unregulated contaminants for the first direct-implementation of UCMR (i.e., 
UCMR 1) and a revised approach for monitoring in the Federal Register dated September 1999. UCMR 1 
established a tiered monitoring approach and required all public water systems (PWSs) serving more than 
10,000 people and a representative sample of PWSs serving 10,000 or fewer people to monitor for 
unregulated contaminants from 2001-2005. The second rule, UCMR 2, required PWSs to monitor during 
2008-2010. 

The City has completed the monitoring required for UCMR 2. UCMR 3 has been proposed. As proposed, 
sampling for this rule would occur from 2013-2015. This upcoming regulation is discussed in Section 1.2.1 
for future regulations. 

1.1.5 Total Coliform Rule10 
EPA published the Total Coliform Rule (TCR ) in the Federal Register in 1989.  The purpose of the rule is to 
provide for increased protection against microbial pathogens in public water systems by setting both 
maximum health goals (MCLGs) and legal limits (MCLs) for total coliform levels in drinking water. The rule 
also details the type and frequency of testing that water systems must do.  

The TCR consists of the following goals, limits, and testing requirements: 

                                                      
9 “Unregulated Contaminant Monitoring Program” U.S. Environmental Protection Agency, March 8, 2011. 
http://water.epa.gov/lawsregs/rulesregs/sdwa/ucmr/ 
10 “Total Coliform Rule” U.S. Environmental Protection Agency. August 13, 2010. 
http://water.epa.gov/lawsregs/rulesregs/sdwa/tcr/ 
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 The MCLG for total coliforms at zero. Since there have been waterborne disease outbreaks in which 
researchers have found very low levels of coliforms, any level indicates some health risk. 

 EPA also set a legal limit on total coliforms. Systems must not find coliforms in more than five 
percent of the samples they take each month to meet EPA's standards. If more than five percent of 
the samples contain coliforms, water system operators must report this violation to the state and the 
public. 

 When a system finds coliforms in drinking water, it may indicate that the system's treatment system is 
not performing properly or that there is a problem in the distribution system. To avoid or eliminate 
microbial contamination, systems may need to take a number of actions, including repairing the 
disinfection/filtration equipment, flushing or upgrading the distribution system, and enacting source 
water protection programs to prevent contamination. 

 If a sample tests positive for coliforms, the system must collect a set of repeat samples within 24 
hours. When a routine or repeat sample tests positive for total coliforms, it must also be analyzed for 
fecal coliforms and Escherichia coli (E. coli), which are a type of coliform bacteria that are directly 
associated with fresh feces. A positive result to this last test signifies an acute MCL violation, which 
necessitates rapid state and public notification because it represents a direct health risk. 

CDPH has adopted the TCR for the State of California, and added stricter frequency of sampling 
requirements. The adopted rule is described in the California Code of Regulations, Title 22, Article 3.  

The City performs the coliform sampling required by the TCR. Monthly summary reports to CDPH from 
2006-2010 do not include any coliform positive or fecal/E. coli positive samples.  

1.1.6 Groundwater Rule11 

EPA published the Ground Water Rule (GWR) in the Federal Register on November 08, 2006.  The purpose 
of the rule is to provide for increased protection against microbial pathogens in public water systems that use 
ground water sources.  

The rule addresses risks through a risk-targeting approach that relies on four major components: 

1. Periodic sanitary surveys of ground water systems that require the evaluation of eight critical 
elements and the identification of significant deficiencies (e.g., a well located near a leaking septic 
system).  States must complete the initial survey by December 31, 2012 for most community water 
systems (CWSs) and by December 31, 2014 for CWSs with outstanding performance and for all non-
community water systems.   

2. Source water monitoring to test for the presence of E. coli, enterococci, or coliphage in the sample.  
There are two monitoring provisions: 

 Triggered monitoring for systems that do not already provide treatment that achieves at least 
99.99 percent (4-log) inactivation or removal of viruses and that have a total coliform-
positive routine sample under TCR sampling in the distribution system. 

 Assessment monitoring - As a complement to triggered monitoring, a State has the option to 
require systems, at any time, to conduct source water assessment monitoring to help identify 
high risk systems.   

3. Corrective actions required for any system with a significant deficiency or source water fecal 
contamination.  The system must implement one or more of the following correction action options:   

                                                      
11 “Groundwater Rule: Basic Information” U.S. Environmental Protection Agency. January 6, 2011. 
http://water.epa.gov/lawsregs/rulesregs/sdwa/gwr/basicinformation.cfm 
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 correct all significant deficiencies, 
 eliminate the source of contamination, 
 provide an alternate source of water, or 
 provide treatment which reliably achieves 99.99 percent (4-log) inactivation or removal of 

viruses.   
4. Compliance monitoring to ensure that installed treatment technology reliably achieves at least 99.99 

percent (4-log) inactivation or removal of viruses.  

CDPH is currently in the process of adopting the Federal Groundwater Rule for the State of California. 

The City currently provides monthly summaries of distribution system coliform monitoring to CDPH. This 
includes routine samples that, if positive, could trigger required source samples under the Groundwater Rule. 
Historical data from 2006-2010 did not include any positive coliform samples that triggered required source 
samples.  

1.1.7 Lead and Copper Rule12 
The Lead and Copper Rule (LCR) was published by the EPA on June 7, 1991.  The purpose of the LCR is to 
protect public health by minimizing lead and copper in drinking water, primarily by reducing water 
corrosively. Lead and copper enter drinking water mainly from corrosion of lead and copper containing 
plumbing materials.  The LCR establishes action levels (AL) of 0.015 mg/L for lead and 1.3 mg/L for copper 
based on 90th percentile value of samples taken at customer taps. If the AL is exceeded, the utility is required 
to implement water quality parameter (WQP) monitoring, corrosion control treatment (CCT), source water 
monitoring/treatment, public education, and lead service line replacement (LSLR). 

Lead and copper levels at the City have historically been below <0.005 mg/L and 0.15 mg/L, respectively. 
The City is therefore not required to provide WQP monitoring, CCT, or LSLR.   

Historical low levels of lead and copper have also qualified the City for reduced monitoring. The City is only 
required to monitor for the LCR once every three years. Triennial monitoring is allowed if the 90th percentile 
lead and copper are < 0.005 mg/L and < 0.65 mg/L, respectively for 2 consecutive six month monitoring 
periods.  

1.2 Upcoming Regulations and Emerging Contaminants 

1.2.1 Unregulated Chemical Monitoring Program13  
As proposed, UCMR 3 would require public water systems (PWSs) to monitor for 28 chemicals and two 
viruses (see Tables 6 and 7). All PWSs serving more than 10,000 people, and a representative sample of 800 
PWSs serving 10,000 or fewer people, would be required to conduct Assessment Monitoring for 28 "List 1" 
chemicals (Table 6) during a continuous 12-month period between January 2013 and December 2015. In 
addition, a targeted group of 800 PWSs serving 1,000 or fewer people would be required to conduct Pre-

                                                      
12 “Lead and Copper Rule” U.S. Environmental Protection Agency, May 10 2011. 
http://water.epa.gov/lawsregs/rulesregs/sdwa/lcr/index.cfm#CurrentReg 
13 “Basic Information About Unregulated Contaminant Rule 3” U.S. Environmental Protection Agency, May 23, 2011. 
http://water.epa.gov/lawsregs/rulesregs/sdwa/ucmr/ucmr3/basicinformation.cfm#five 
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Screen Testing for two "List 3" viruses (Table 7) during a 12-month period between January 2013 and 
December 2015. 

The UCM program progressed in several stages. Currently, EPA manages the program directly as specified in 
the Unregulated Contaminant Monitoring Regulation (UCMR). 

Table 6. Assessment Monitoring (List 1) 

Contaminant Analytical Method 
Hormones EPA 539 
17-β-estradiol  
17-α-ethynylestradiol (ethinyl  
16-α-hydroxyestradiol (estriol)  
equilin  
estrone  
testosterone  
4-androstene-3,17-dione  

Volatile Organic Compounds EPA 524.3 
1,2,3-trichloropropane  
1,3-butadiene  
chloromethane (methyl chloride)  
1,1-dichloroethane  
n-propylbenzene  
bromomethane (methyl bromide)  
sec-butylbenzene  
chlorodifluoromethane (HCFC-22)  
bromochloromethane (halon 1011)  

Synthetic Organic Compounds EPA 522 
1,4-dioxane  

Metals 
EPA 200.8 Rev 5.4, ASTM D5673-10, 
Standard Methods 3125 (1997) 

vanadium  
molybdenum  
cobalt  
strontium  

Oxyhalide Anion 
EPA 300.1, ASTM D6581-08, 
Standard Methods 4110D (1997) 

chlorate  

Perfluorinated Compounds EPA 537 Rev 1.1 
perfluorooctane sulfonate (PFOS)  
perfluorooctanoic acid (PFOA)  
perfluorononanoic acid (PFNA)  
perfluorohexane sulfonic acid  
perfluoroheptanoic acid (PFHpA)  
perfluorobutane sulfonic acid  
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Table 7. Pre-screening Testing (List 3) 

 
 
 

 

1.2.2 Chromium-614 
Chromium-6 (hexavalent chromium) is currently regulated under the 50-micrograms per liter (µg/L) 
maximum contaminant level (MCL) for total chromium.  The total chromium MCL was established to 
address exposures to chromium-6, which is considered to be the more toxic form of chromium than 
chromium-3.  The US EPA adopted the same standard but in 1991 raised the federal MCL to 100 µg/L. 
California did not follow US EPA's lead and stayed with its 50 µg/L MCL for total chromium. 

Events primarily between 1999 and 2001 and concerns about chromium-6's potential carcinogenicity when 
ingested resulted in a state law that requires CDPH to adopt a chromium-6-specific MCL. California's Health 
and Safety Code requires the adoption of an MCL for chromium-6 by January 1, 2004, and requires CDPH to 
establish an MCL at a level as close as is technically and economically feasible to the contaminant's PHG.  

OEHHA's initial draft PHG for chromium-6 of 0.06 µg/L was released in August 2009.  In December 2010, 
OEHHA released a revised draft PHG of chromium-6 of 0.02 µg/L. Once the chromium-6 PHG is final, 
CDPH will proceed with setting an MCL. 

1.2.3 Radon15,16 
Radon is a naturally-occurring radioactive gas that is reasonably anticipated to be a human carcinogen. Radon 
may be found in drinking water, primarily when its source is groundwater. When water that contains radon is 
used for showering and other household purposes, radon gas is released from the water and goes into the air. 
Breathing radon in the indoor air of homes is the primary public health risk from radon. 

As required by the Safe Drinking Water Act, EPA has developed a proposed regulation to reduce radon in 
drinking water that has a multimedia mitigation option to reduce radon in indoor air. The proposed 
regulation provides states flexibility in how to limit exposure to radon by allowing them to focus their efforts 
on the greatest radon risks - those in indoor air - while also reducing the risks from radon in drinking water. 
States will be required implement one of the following two options: 

 First Option - States can choose to develop enhanced state programs to address the health risks from 
radon in indoor air -- known as Multimedia Mitigation (MMM) programs -- while individual water 
systems reduce radon levels in drinking water to 4,000 pCi/L or lower (picoCuries per liter, a 
standard unit of radiation). EPA is encouraging States to adopt this option because it is the most 
cost-effective way to achieve the greatest radon risk reduction. 

                                                      
14 “Chromium-6 in Drinking Water, MCL Update” California Department of Public Health, June 1, 2011. 
http://www.cdph.ca.gov/certlic/drinkingwater/Pages/Chromium6.aspx 
15 “Radon in Water” California Department of Public Health, January 24, 2008. 
http://www.cdph.ca.gov/HealthInfo/environhealth/Pages/RadoninWater.aspx 
16 “Radon in Drinking Water” U.S. Environmental Protection Agency, June 4, 2010. 
http://water.epa.gov/lawsregs/rulesregs/sdwa/radon/index.cfm 

Contaminant Analytical Method 
enteroviruses Not available for initial review 

noroviruses Not available for initial review 
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 Second Option - If a state chooses not to develop an MMM program, individual water systems in 
that state would be required to either reduce radon in their system's drinking water to 300 pCi/L or 
develop individual local MMM programs and reduce levels in drinking water to 4,000 pCi/L. Water 
systems already at or below 300 pCi/L standard would not be required to treat their water for radon. 

It is not known when the EPA will finalize the proposed regulation, nor how the State will choose to 
implement it. 

1.2.4 1,4-Dioxane17  
1,4-Dioxane is considered an emerging contaminant by CDPH and is reasonably anticipated to be a human 
carcinogen. In 1998, CDPH was notified about a 1,4-dioxane detection in a groundwater well. Subsequently 
over the past decade, it has been found in a number of wells, mostly in southern California. 

Drinking water systems are not required by state regulations to monitor for 1,4-dioxane.  Nevertheless, 
because of concerns about possible contamination, a number of systems have been directed by CDPH to or 
have chosen to sample their supplies for 1,4-dioxane. In November 2010, CDPH revised its notification 
level for 1,4-dioxane to 1 µg/L, which was a decrease from 3 µg/L.  The detection limit for 1,4-Dioxane is 
also 1 µg/L. The response level is now 35 µg/L. 

1,2,3 – Trichloropropane18 
1,2,3-Trichloropropane (1,2,3-TCP)  is considered an emerging contaminant by CDPH and is reasonably 
anticipated to be a human carcinogen. In 1999, the Department established a drinking water notification level 
for 1,2,3-TCP of  0.005 µg/L, the same level as the analytical reporting limit. 

1,2,3-TCP was included in the UCMR program that ended in 2003. Some water systems continue their 
monitoring for 1,2,3-TCP. Given the number of sources that 1,2,3-TCP detected, CDPH considered 
this chemical to be a good candidate for future regulation, and OEHHA established a PHG of  0.0007 µg/L 
in August 2009. There is currently still no MCL for 1,2,3-TCP. 

1.2.5 NDMA and other nitrosamines19 
NDMA and other nitrosamines are considered emerging contaminants by CDPH and are reasonably 
anticipated to be human carcinogens. In 1998 N-nitrosodimethylamine (NDMA) was found in a drinking 
water well in northern California. NDMA was subsequently found elsewhere, and also found to be a 
byproduct of drinking water treatment. 

As a result of these early findings, CDPH (then DHS) established a notification level in 1998 for NDMA of 
10-ng/L. 

Given the NDMA detections associated with drinking water sources and treatment, NDMA is considered by 
CDPH to be a good candidate for a future MCL.  OEHHA established a 3-ng/L PHG for NDMA in 
2006. An MCL for NDMA will likely not be available for several years. 
                                                      
17 “1,4 Dioxane” California Department of Public Health, December 14, 2010. 
http://www.cdph.ca.gov/certlic/drinkingwater/Pages/1,4-Dioxane.aspx 
18 “1,2,3-Trichloropropane” California Department of Public Health, August 20, 2009.  
http://www.cdph.ca.gov/certlic/drinkingwater/Pages/123TCP.aspx 
19 “NDMA and Other Nitrosamines – Drinking Water Issues” California Department of Public Health, December 15, 2009.  
http://www.cdph.ca.gov/certlic/drinkingwater/Pages/NDMA.aspx 
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1.2.6 Endocrine Disruptors20,21,22 
Among the emerging contaminants are pharmaceuticals and personal care products (PPCPs), industrial 
chemicals present at low concentrations, and chemicals that may affect hormone status, referred to as 
"endocrine disruptors."  The EPA is currently investigating the health effects of these chemicals, and 
developing strategies to help protect the health of both the environment and the public. To date, scientists 
have found no evidence of adverse human health effects from PPCPs in the environment. 

Seven hormones that may become present in drinking water through PPCPs are included in the proposed 
UCMR 3 assessment monitoring list. Aside from those for perchlorate, there are currently no other existing 
or proposed rules or regulations regarding endocrine disruptors. 

1.2.7 Perchlorate23  
Perchlorate is a drinking water contaminant that is regulated by the State due to its prevalence in groundwater 
and its health impacts to the endocrine system. Perchlorate currently has an MCL of 6 µg/L and a current 
PHG also of 6 µg/L.  The MCL became effective October 2007, and the PHG was established in 2004.    

In January 2011, OEHHA released a draft technical support document for a 1 µg/L PHG for perchlorate. If 
the PHG is permanently reduced, it is likely the MCL will also be reduced to 1 µg/L.  

Perchlorate and its salts are used in solid propellant for rockets, missiles, and fireworks, and elsewhere (e.g., 
production of matches, flares, pyrotechnics, ordnance, and explosives).  As the City does not have a history 
of military activity in the vicinity, it is unlikely perchlorate has been released into the groundwater. A new 
regulatory level will therefore not have a significant impact to the City.  

1.3  City Regulations and Constituent Monitoring Program 

1.3.1 Regulations 
The City of Madera provided three documents covering the water system ordinances, water cross-connection 
control, and specifications for water facilities; the listed items appear to be adequate for the purposes of this 
report, and City staff did not indicate a need for additional provisions. The water system ordinance document 
includes information about rate setting, property owner liability, air-conditioning systems, violation penalties, 
and restrictions on water waste, lawn irrigation, swimming pools, and construction water. The water cross-
connection control document discusses the importance of cross-connection control for public safety and 
health, the conditions under which water service may be terminated, and the requirements for cross-
connection protection, assemblies for backflow-prevention, user supervisors, administrative procedures, and 
certification as a backflow-prevention device tester. The water facilities specifications document presents the 
necessary standards that must be followed in order to construct water system improvements in the City of 
Madera. 

                                                      
20 “Emerging Contaminants” California Department of Public Health, September 30, 2010. 
http://www.cdph.ca.gov/certlic/drinkingwater/Pages/EmergingContaminants.aspx 
21 “Pharmaceutical and Personal Care Products” U.S. Environmental Protection Agency, October 27, 2010. 
http://www.epa.gov/ppcp/ 
22 “Proposed Contaminants and Methods for the Unregulated Contaminant Monitoring Rule 3” U.S. Environmental 
Protection Agency. May 23, 2011. http://water.epa.gov/lawsregs/rulesregs/sdwa/ucmr/ucmr3/methods.cfm#assessment 
23 “Perchlorate in Drinking Water” California Department of Public Health, June 29, 2011. 
http://www.cdph.ca.gov/certlic/drinkingwater/Pages/Perchlorate.aspx 
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1.3.2 Monitoring 
Based on the December 16, 2011 inspection report prepared by CDPH and subsequent discussion with 
CDPH staff, the existing monitoring plan, summarized in Table 8, is sufficient to meet the current regulatory 
requirements and the water quality needs of the City.   

Table 8. City of Madera Water Quality Monitoring Plan 

*Well 27 has its own monitoring schedule because of existing contamination and treatment. 

**After the Stage 2 DBP rule goes into effect in 2013, the City will need to monitor for DBPs quarterly at more 
locations to establish a baseline.  After that, monitoring will likely go back to one location every three years. 

***There are currently 36 sample locations that are rotated from week to week, as seen in  

Figure 1 below. 

Constituent Monitoring Frequency Monitoring Location 
Title 22 Parameters Every 3 years All wells* 

Nitrate Every year All wells* 

Radiological Monitoring Every 6 or 9 years, depending 
i lt

All wells* 

DBPs** Every 3 years 1 location in the distribution 

Lead & Copper Every 3 years 30 customers’ homes 

Bacterial Sampling Every week 15 locations*** 



City of Madera Page 19 of 19 Water System Master Plan 
October 2013   

 

Figure 1: City of Madera Bacterial Sampling Locations 

 

1.4 Summary 
The City of Madera’s water system currently meets both California and Federal regulations for regulated 
contaminants and monitoring requirements.  Other than Well 27, which requires treatment for DBCP and 
EDB, none of the City’s wells contains contaminants in concentrations that exceed current MCLs.  Wells 21 
and 33 have had measurable concentrations of DBCP but below the current MCL of 0.20 µg/L, and other 
wells have contained nitrate at a concentration as high as 25 mg/L compared to the MCL of 45 mg/L. 

In the future, the City should continue to monitor its wells for signs of contamination, particularly those 
identified in a Source Water Assessment which identified potential sources of contamination and wells that 
could be affected.  Future regulations that could impact regulatory compliance are those for chromium-6 and 
TCP.  Chromium-6 is naturally occurring and is very common in California groundwater sources.  No MCL 
has been established, yet, but a revised PHG of 0.02 µg/L has been established by OEHHA.  At this time, it 
is unknown whether any of the City’s wells have chromium-6 concentrations above the PHG.  TCP is an 
agricultural chemical that could impact compliance in many Central Valley communities.  CDPH considered 
this chemical to be a good candidate for future regulation, and OEHHA established a PHG of 0.0007 µg/L 
in August 2009. There is currently still no MCL for TCP, only a drinking water notification level for 1,2,3-
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TCP of  0.005 µg/L, but the City should routinely monitor for it (at least annually) to assess whether it is a 
concern and, if so, how to plan for future compliance. 
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1 Water Supply 
The City of Madera (City) is located in Madera County in the San Joaquin Valley.  As of the 2010 census, the 
City’s population was 61,416, up from 43,207 at the 2000 census.  The City has a total area of 15.8 square 
miles with residential, commercial, and industrial land uses.  The Fresno River flows through the City from 
the east; this section of river is mostly dry unless the river stage is high enough to spill over the John Franchi 
Diversion Dam.  The City has no water rights for the Fresno River water, nor any surface water contracts 
with U.S. Department of the Interior, Bureau of Reclamation (Reclamation), State Water Project, or other 
surface water purveyors.  Historically, its water supply has been 100 percent from groundwater.  

The City is located above the Madera Subbasin of the San Joaquin Valley Groundwater Basin.  The total 
surface area of the subbasin is 394,000 acres, or 614 square miles (the City occupies less than 3 percent of the 
total area).  The Madera Subbasin consists of alluvium emanating from the Sierra Nevada range.  The 
subbasin is bounded on the south by the San Joaquin River, on the west by the eastern boundary of the 
Columbia Canal Service Area, on the north by the southern boundary of the Chowchilla Subbasin, and on the 
east by the crystalline bedrock of the Sierra Nevada foothills.  Major streams in the area include the San 
Joaquin and Fresno Rivers.  The average annual precipitation is 11 inches throughout the majority of the 
subbasin and 15 inches in the Sierra foothills.  The Madera Subbasin has been in an overdraft condition and, 
on average, its groundwater level declined 40 feet from 1970 through 2000 (DWR, 2004). 

An evaluation was conducted to review water-level hydrographs updated in 2010 and 2011 and groundwater-
level declines during the past several decades (Schmidt, 2012a).  The rates of groundwater-level declines have 
ranged from 0.2 to 6.1 feet per year, varying with hydrologic conditions, with an average of 2 feet per year.  
For this study, the decline rate of 2 feet per year is used to represent the long-term future groundwater basin 
conditions because it is anticipated that Madera County’s surface water delivery and groundwater pumping 
conditions will remain similar to existing conditions.  It is also anticipated that regional water resources 
management and coordination will be implemented, such as multi-agency groundwater storage projects to 
actively recharge the groundwater basin and mitigate for the overdraft.  

1.1 Historical Use 
Historically, the City has relied entirely on groundwater to meet its water demand.  Currently, there are 19 
wells operated by the City’s Public Works Department, with one new well under construction.  The total 
existing well capacity is 31.7 million gallons per day (mgd).  The City also owns the Loy E. Cook 1 million-
gallon (MG) water storage tower and more than 200 miles of water distribution pipelines.  

The historical water use and population data are shown in Table 1.  Over the last 2 decades, the City’s 
population has grown from about 29,300 in 1990 to about 61,400 in 2010; the annual growth rate ranged 
from 1.9 percent to 7.8 percent, averaging 3.8 percent.  Annual water production was about 9,800 acre-feet 
per year (AF/year) in 1990 and about 11,900 AF/year in 2010; the annual production growth rate ranged 
from -10.3 to 11.6 percent, averaging 1.0 percent.   

The City’s historical water use has been very low compared to total water use in the county.  In the 2008 
Madera County Integrated Regional Water Management Plan (IRWMP), the total water demand of Madera 
County was estimated 1,200,000 AF/year in 2006, of which only 300,000 AF/year was surface water (Boyle, 
2008).   

The City’s water consumption is relatively small compared to total use in the subbasins.   
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Table 1: Historical Water Production, 1990-2010 

Year Population 
Annual Water Production 

(AF/year) 

Average Water 
Production 

(gallons/day) 

Per Capita Consumption 
(gallons/capita/day) 

1990 29,281 9,812 8,758,992 299 
1991 30,157 9,483 8,465,300 281 
1992 32,504 9,517 8,472,439 261 
1993 33,862 10,057 8,977,699 265 
1994 35,504 10,990 9,810,571 276 
1995 36,557 10,260 9,158,914 251 
1996 37,753 11,314 10,072,205 267 
1997 39,276 11,650 10,399,741 265 
1998 40,518 10,888 9,719,518 240 
1999 41,424 12,156 10,851,438 262 
2000 43,205 11,834 10,535,131 244 
2001 44,565 11,210 10,006,961 225 
2002 46,066 11,869 10,595,238 230 
2003 47,939 12,474 11,135,311 232 
2004 49,691 12,887 11,472,557 231 
2005 51,735 12,819 11,443,286 221 
2006 53,928 13,166 11,753,047 218 
2007 57,181 14,050 12,542,177 219 
2008 58,767 13,901 12,375,263 211 
2009 59,868 13,270 11,845,885 198 
2010 61,416 11,900 11,217,664 173 
 

Although the City’s 2010 population has more than doubled from the 1990 population, the total water 
production in 2010 was only about 20 percent more than it was in 1990.  This reflects the water conservation 
efforts the City has been taking to improve water usage efficiency over the last two decades.  The per capita 
water use was as high as 299 gallons per day in 1990 and has reduced to 173 gallons per day in 2010.  
Currently, the City is actively promoting its water use regulations and water conservation programs, such as a 
high-efficiency clothes washer rebate program and a high-efficiency toilet rebate program (Madera, 2012).  
System-wide implementation of metering could further lower water consumption.  

In November 2009, Senate Bill x7-7 was enacted to increase water use efficiency of all California water 
suppliers in both urban and agricultural water sectors.  For urban water supplies, the legislation established an 
overall goal to reduce per capita water use by 20 percent by December 31, 2020, with incremental progress of 
water use reduction of at least 10 percent by December 31, 2015.  Effective in 2016, urban retail water 
suppliers who do not meet the water conservation requirements established by this bill are not eligible for 
State water grants or loans.  The California Department of Water Resources (DWR) provided four different 
methods to establish water conservation targets: 

 Method 1:  Baseline reduction method 
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 Method 2:  Efficiency standard method 

 Method 3:  Hydrologic region method 

 Method 4:  Best management practices (BMP)-based method 

Per the City’s 2010 Urban Water Management Plan (Madera, 2011), the City’s water conservation targets were 
developed for Methods 1 and 2 (insufficient data were available for the other two methods).  Thus, due to the 
feasibility and flexibility for the City to achieve its goals, water conservation targets from Method 1 were 
recommended as follows,: 

 Year 2015 Target: 222 gallons per capita per day (gpcd) (10 percent reduction) 

 Year 2020 Target: 197 gpcd (20 percent reduction) 

As shown above, the average daily per capita water use in 2010 was 173 gpcd, which was lower than the water 
conservation targets for both Year 2015 and Year 2020.  It is anticipated that, with the continuous mandate 
of water use regulations and implementation of water conservation measures similar to existing efforts, the 
City’s average daily per capita water use in the future will very likely remain below the 197 gpcd conservation 
target of Year 2020.  Therefore, the City will likely meet the two targets and be eligible for State water grants 
and loans.  

1.2 Future Water Supplies 

Water users in Madera County have historically relied on groundwater to meet their domestic water demand 
and a large portion of their agricultural water demand.  Groundwater has been and will continue to be the 
major source of water supply for the City. This continued reliance is straining groundwater supplies.  In fact, 
the 2008 IRWMP stated that the most critical water resources issues in the region include groundwater 
overdraft and storm water flooding (Boyle, 2008).   

The City’s General Plan was updated in 2009, and it defines the build out land use conditions of the City and 
thus the City’s build out water demand (about 41.3 mgd, or 46,000 AF/year).  For this study, the future water 
demand in the urban growth boundary of the General Plan was calculated by multiplying the average daily per 
capita water use by the total population.  The population of Year 2010 (61,400 from the Census data) 
provided the base for the population projection.  The annual population growth rate is assumed to be 3.5 
percent every year through Year 2040.  Based on that assumption, the City’s population is projected to 
increase to 86,600 in Year 2020, 122,200 in Year 2030, and 172,400 in Year 2040.  These population 
projections as well as water demands, groundwater use, and groundwater use with a recycled water program 
in place are summarized in Table 2.  

 Year by year, water use will vary with hydrologic conditions; the wetter the year, the less water will be 
consumed.  For planning purposes, the average daily per capita water use factor should represent the 
normalized conditions; it is assumed to be 183 gpcd for 2010 instead of the historical use of 173 gpcd to 
eliminate the hydrologic effects.   
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Table 2: City of Madera Total Water Demand, 2010-2040 

     
Groundwater 

Only Recycled Water and Groundwater 

Year Population 

Average 
Daily 
Per 

Capita 
Use 

(gpcd) 

Average 
Daily 

Demand 
(mgd) 

Annual 
Demand 

(AF) 

Ground-
water 
Use 

(mgd) 

Ground-
water 
Use 
(AF) 

Recycled 
Water 
(mgd) 

Recycled 
Water 
(AF) 

Ground-
water 
Use 

(mgd) 

Ground-
water 
Use 
(AF) 

2010 61,400 183 11.2 12,600 11.2 12,600 0.0 0 11.2 12,600 
2015 73,000 186 13.6 15,200 13.6 15,200 1.0 1,100 12.6 14,100 
2020 86,700 190 16.5 18,500 16.5 18,500 2.4 2,700 14.1 15,800 
2025 102,900 190 19.5 21,900 19.5 21,900 2.5 2,800 17.0 19,100 
2030 122,200 190 23.2 26,000 23.2 26,000 2.6 2,900 20.6 23,100 
2035 145,100 190 27.6 30,900 27.6 30,900 2.8 3,100 24.8 27,800 
2040 172,400 190 32.8 36,800 32.8 36,800 2.9 3,300 29.9 33,600 

gpcd – gallons per day per capita 
mgd – million gallons per day 

 

The factor was gradually increased to 190 gpcd in 2020 and maintained at that level thereafter.  The increase 
from 183 to 190 gpcd reflects the planned industrial water use that has been lagging in recent development.  
Such industrial water use is anticipated to pick up between 2012 and 2019.  Even with these demand factors, 
the City will continue to meet Senate Bill x7-7’s mandated water conservation target in Year 2020.   

Table 2 also summarizes water projected demand from 2010 through 2040.  The total water demand of the 
urban growth boundary will increase from 12,600 AF/year in 2010 to 18,500 AF/year in 2020, and to 36,800 
AF/year in 2040.  The City can meet the future water demand through the following approaches: 

 Groundwater only – Continue to rely on groundwater as the only water supply 

 Groundwater and recycled water – Use recycled water as another potential source of water supply 
to meet non-potable water demand to supplement the use of groundwater  

 Other waters for recharge – Use wastewater treatment plant (WWTP) effluent, storm water, and 
flood water to recharge the groundwater basin  

The first two approaches will meet the water demand directly, while the last approach focuses on maintaining 
the groundwater storage balance through active or in-lieu recharge.  These approaches are discussed further 
below.   

1.2.1 Groundwater Only 

The City can continue the previous approach of meeting its water demand with 100 percent groundwater.  
The City will need to install additional wells, distribution piping, storage tanks, and other facilities in phases to 
provide sufficient peaking capacity and redundancy to serve its existing and new customers.  The City will 
need to provide up to 36,800 AF/year of groundwater by 2040 to meet its planned growth.  The reliability of 
the groundwater depends on its quality and availability.  An increase in pumping costs due to the 
groundwater-level decline is also discussed below.   



City of Madera Page 7 of 15 Water System Master Plan 
October 2013   

1.2.1.1 Reliability 

The majority of the Madera Subbasin (the City is located directly above the subbasin) is generally a calcium 
sodium bicarbonate type, with sodium bicarbonate and sodium chloride at the western margin of the 
subbasin along the San Joaquin River.  Total dissolved solids (TDS) values range from 100 milligrams per liter 
(mg/L) to 6,400 mg/L, with a typical range of 200 to 400 mg/L.  The California Department of Public 
Health, which monitors and enforces Title 22 water quality standards, reports TDS values in 40 wells ranging 
from 100 to 400 mg/L, with an average value of 215 mg/L.  Electrical conductivity values range from 180 
microSiemens per centimeter (μmhos/cm) to 600 μmhos/cm, with an average value of 251 μmhos/cm 
(based on 15 wells) (DWR, 2004). 

In general, groundwater from the City’s wells is of good quality for drinking; pumped water can be distributed 
to the consumers without further treatment, except for Well 27, which has historically exceeded regulatory 
limits for dibromochloropropane (DBCP), ethylene dibromide (EDB) and nitrate.  Water from Well 27 is 
required to receive additional treatment before being distributed drinking water (MWH, 2011).  It currently 
has GAC treatment for DBCP and EDB but no treatment for nitrate.  Proposed Well 35 has heavy metal 
contamination that will require treatment.  Other areas within the City have water quality issues as well, 
including a salt plume near the old Oberti site near Avenue 13.  Per the latest ongoing groundwater quality 
evaluation by Ken Schmidt for the City, the most favorable sites for developing new wells for the City are in 
the area southwest of Highway 99 due to the relatively thick layer of oxidized deposits for high water quality 
(Schmidt, 2012b).   However, without additional transmission capacity and storage, wells southwest of 
Highway 99 cannot be used to serve the northeast part of the City.   

Per Bulletin 118, estimations of the total storage capacity of the subbasin and the amount of water in storage 
as of 1995 were calculated using an estimated specific yield of 10.4 percent and water levels collected by 
DWR and cooperators.  According to these calculations, the total storage capacity of this subbasin is 
estimated to be 18,500 thousand acre-feet (TAF) to a depth of 300 feet and 40,900 TAF to the base of fresh 
groundwater.  These same calculations give an estimate of 12,600 TAF of groundwater to a depth of 300 feet 
stored in this subbasin as of 1995 (DWR, 2004).  Although the Bulletin 118 indicated that there is still 
groundwater available in the aquifer, this resource is not unlimited and could be depleted if no action is taken 
to protect it.  As part of the San Joaquin Valley Groundwater Basin, the Madera subbasin is interconnected 
with other subbasins; regional water resources management is necessary to provide comprehensive aquifer 
protection and management.  Per the 2008 Madera County Integrated Regional Water Management Plan 
(IRWMP), for 2030, it is anticipated that the overdraft in the Valley Floor (which is the Madera and 
Chowchilla subbasins) will grow to about 155,000 AF/year if no mitigation action is taken, and thus 
potentially resulting in higher pumping costs, poorer water quality, land subsidence, and potential adjudication 
of the basin.  The continued overdraft of the groundwater basins in the Madera County is not sustainable.   

If action is taken by the City and other water users in the region to coordinate and protect the groundwater 
resources, there will be available and high-quality groundwater in the aquifer of the Madera Subbasin.  With 
phased water supply facilities, groundwater will be highly reliable to meet future City water demands through 
2040.  However, it is anticipated that the groundwater level will be lower than existing conditions (assumed by 
2 feet per year in this study) and this will require City to increase the head and power of pumps of its existing 
wells, resulting in higher pumping costs every year.  
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1.2.1.2 Pumping Costs Due to Overdraft  

The increases in pumping costs from 2010 through 2040 due to the groundwater level decline were calculated 
for each existing well (i.e., currently in use) through scenario comparison:  Scenario 1 for steady groundwater 
levels and Scenario 2 for declining groundwater levels with an assumed rate of decline of 2 feet per year.  The 
pumping costs are a function of electricity rate, annual pumping hours, and required power for each well.  As 
groundwater level declines, the power required to extract the groundwater results in increased electricity costs 
due to higher pumping head, changes in pump efficiency relative to pump curve design points, and loss of 
well specific capacity (more hours of pumping for the same volume of water).  The key assumptions are as 
followings: 

 The pumping costs are in 2012 dollars. 

 For each well, pump and well efficiency are likely to decline. Based on more than 20 years of 
operational data, well capacity is projected to decrease by 20 percent over the study period (Helmuth, 
2012).  

 No pump replacement is needed for the increase in head.  

 The number of hours pumped annually from each well was determined using the well’s average water 
production and rated flow capacity.  As stated above, well capacity is expected to decrease, and thus 
the pumping hours will increase over the study period. 

 The electricity cost is $0.12/kilowatt hour (kWh) in 2012 and increases annually by 1.7 percent per 
year for real values.  By 2040, it is estimated to be $0.192/kWh in 2012 dollars.  

 The combined efficiency of the motor and pump at each well is 75 percent.  The same efficiency 
remains, even if the head increases as much as 60 feet in Scenario 2.  

 Pumping of Well 27 is not included because of its lack of treatment for nitrate and possible use for 
recycled water (MWH, 2011). 

 The pumping cost of new wells is outside the scope of these cost estimates.  However, new wells will 
be required to serve future growth, and the costs of pumping from those wells also will increase over 
time. 

The annual pumping costs for all existing wells for the two groundwater-level scenarios from 2010 through 
2040 are shown in Figure 1.  With the groundwater-level decline, the pumping costs will be higher than with a 
constant groundwater level.  In 2015, the increase in pumping costs compared to a constant groundwater 
level is about $18,000.  The difference could increase to about $46,000 in 2020, $125,000 in 2030, and 
$245,000 in 2040.   
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Figure 1: City of Madera Annual Pumping Cost Estimates, 2010-2040 

 

 

1.2.2 Groundwater and Recycled Water 

Recycled water can be used to supplement groundwater pumping for non-potable uses like irrigation and 
industrial processes and thus can reduce pumping of groundwater from the Madera Subbasin.  The City is 
currently in the process of evaluating the application of recycled water to meet its non-potable water demand.  
Akel Engineering Group, Inc, (Akel) developed the proposed amount of recycled water to be incorporated 
into this supply scenario for the planning period of 2010 through 2040 (Akel, 2012).  It is anticipated that the 
recycled water distribution system will be established by 2015 to provide about 1,100 AF/year of recycled 
water to the City’s users.  The recycled water distribution system will then be further expanded to provide 
about 2,700 AF/year in 2020, and then gradually increase its provision of recycled water to about 3,300 
AF/year in 2040.  The amount of groundwater extracted from the Madera Subbasin would then be reduced 
accordingly and the annual production would be about 33,500 AF/year in 2040, instead of 36,800 AF/year in 
the groundwater-only scenario (see Figure 2).  

The potential users of recycled water for landscape irrigation include freeways, golf courses, parks, school 
grounds, local street medians, and commercial developments.  Uses of recycled water for industrial processes 
include cooling, concrete making, and car washing.  A detailed list of the potential users can be found in the 
November 2011 Draft Recycled Water System Feasibility Study (MWH, 2011).  
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Figure 2: Use of Recycled Water and Groundwater for Water Demand, 2010-2040 

 

1.2.2.1 Reliability 

The City operates its own WWTP, which will generate the majority of the recycled water for meeting non-
potable uses.  The other sources of recycled water supplies are the existing Well 27 and any potential new 
satellite or regional WWTPs that could be constructed to offset the expansion of the existing or centralized 
WWTP.  Treatment upgrades to the existing WWTP from secondary to tertiary with disinfection for side-
stream flow that matches the recycled water demand are required to meet the regulatory disinfection 
requirements for bacteriological water quality to protect public health.  Additional treatment may also be 
necessary for non-regulatory mineral water quality requirements to be suitable for specific customer uses. 

The existing WWTP is located about 3 miles west of the current City limits.  After the latest 2007 upgrade, 
the treatment capacity was increased to 10.1 mgd.  The WWTP has 320 acres of land for effluent disposal by 
percolation and evaporation.  Per the Draft Recycled Water System Feasibility Study (MWH, 2011), the 
average effluent from the WWTP for Years 2006 through 2010 was about 5.6 mgd (see Table 3).  The average 
water demand for the same period was 11.2 mgd; thus, over that period, the total annual amount of effluent 
from the WWTP was approximately 50 percent of the total water demand.  In 2040, total wastewater flow is 
expected to increase to 20.9 mgd.  Based on these data, it is likely that there will be a sufficient quantity of 
effluent from the WWTP to meet the future recycled water demand shown in Table 2.   

Also, the effluent monthly generation pattern is relatively uniform since indoor water use, which is the source 
of influent into the WWTP for treatment, does not vary much with seasonal conditions (see monthly average 
pattern in Figure 3 with the maximum and minimum ranges).  Additionally, Well 27 is another reliable source 
of recycled water.  Therefore, the volume of potential recycled water exceeds the projected recycled water 
demand.   
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Table 3: Historical Effluent Production from City of Madera Wastewater Treatment Plant (mgd), 
2006-2010 

Month Monthly Max Monthly Min Monthly Average 
January 8.23 4.65 5.47 
February 6.58 4.64 5.42 

March 6.20 4.80 5.40 
April 6.91 4.75 5.40 
May 6.35 4.81 5.44 
June 6.42 4.84 5.52 
July 6.24 4.90 5.66 

August 6.40 4.94 6.14 
September 6.49 4.85 5.77 

October 6.80 4.81 5.68 
November 6.50 4.62 5.61 
December 6.62 4.58 5.58 

Average of all months  5.59 

 

 
Figure 3: Use of Recycled Water and Groundwater for Water Demand 

 

 

 

 

 

 

 

 

 

Since the remaining water demand under this scenario would be met by groundwater, the total water supply 
would be 100 percent reliable through 2040.  However, as stated above, the groundwater level is anticipated 
to continue to drop.  

1.2.2.2 Pumping Costs 

Although less groundwater will be used under this supply scenario, it is anticipated the groundwater level will 
be lower than the existing conditions and the increase in pumping costs will be in the same order of 
magnitude as the groundwater-only scenario.  Furthermore, the pumping costs to deliver recycled water 
would be expected to be similar to groundwater pumping costs so that the utilization of recycled water has 
little impact on overall pumping costs.  As stated above, the City of Madera’s groundwater use is relatively 
small compared to surrounding agricultural use; therefore, any benefits other than pumping costs are likely to 
be small and localized. The exact changes in groundwater level due to the application of recycled water as 
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compared with groundwater-only scenario would require groundwater modeling, which is beyond the scope 
of this study.   

1.2.3 Other Waters for Recharge 

In this region, besides WWTP effluent disposal, aquifer recharge has been achieved through in-lieu recharge 
or surface spreading.  Surface spreading requires ponding facilities to recharge the underlying groundwater 
basin through percolation, while in-lieu recharge minimizes groundwater use and allows natural aquifer 
replenishment.   

1.2.3.1 In-Lieu Recharge 

1.2.3.1.1 WWTP	Effluent	

The City’s WWTP expansion project included the construction of system of extraction wells in the area of the 
percolation ponds to pump groundwater from under the ponds to prevent mounding in the underlying 
groundwater.  The City has entered into an agreement with MID to pump up to 9,600 AF/year of the 
groundwater into the MID distribution system for irrigation use (Boyle, 2008).  Because the use of the 
evaporation/percolation ponds is effluent disposal, the water extracted from under the WWTP is classified as 
groundwater and not recycled water.  This use of groundwater could allow MID to reduce groundwater 
pumping in other areas and thus allow natural recharge to replenish the basin or at least partially offset the 
overdraft condition.   

As of the time of this writing, the contract and resulting extraction of water from the WWTP area is on hold 
until a permit can be secured from the RWQCB.  The City is anticipating final review and approval in 
September 2012.  Until the Permit is executed, no water extraction can be conducted. 

In addition, the MID canal has hydraulic limitations for acceptance of all the groundwater stipulated in the 
MID contract.  Although the contract allows for 9,600 AF to be accepted, in reality, the canal can 
accommodate somewhat less than that amount (in addition to normal flows) before overflowing (Bullis, 
2012).  

Current WWTP discharges a total of approximately 6,000 AF/year, and assuming 50 inches of annual 
evaporation over the 320 acres of ponds, only 4,700 AF/year are available for harvesting.  However, as the 
population continues to grow, WWTP effluent will increase and will provide additional water supplies.  The 
agreement between the City and MID can be amended for MID to take more such water, further reducing 
groundwater pumping, and thus facilitating in-lieu recharge.  In 2040, average wastewater flows are projected 
to reach 20.9 mgd (23,400 AF/year).  Assuming 78 percent recovery of that flow after evaporation, MID 
could pump up to18,300 AF/year to offset other groundwater pumping.  That would be approximately half 
of the City’s projected annual water production.   

Expansion of the WWTP effluent extraction program would require additional extraction wells and 
improvements to the conveyance system, such as distribution piping and more/enlarged canals.  Also to be 
negotiated would be responsibility for construction and operation of the extraction and distribution system.  
Furthermore, expansion of the program would need to be coordinated with the Wastewater Master Plan in 
that new WWTP sites are being considered to reduce the cost of wastewater collection system improvements. 
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Direct injection of WWTP effluent could also be considered.  This would reduce the land area required for 
percolation and the amount of water lost to evaporation.  However, direct injection would require tertiary 
filtration plus reverse osmosis treatment to improve the quality of injected water.  Reverse osmosis can 
recover only about 80 percent of the treated water as product, with the remaining 20 percent being a 
concentrated brine stream that requires treatment and disposal.  Additionally, direct injection probably would 
lead to reclassification of the water from effluent disposal to recycled water, which in turn would lead to 
significantly more stringent regulatory requirements.  Even with these drawbacks, direct injection may 
become a preferred option as the City grows and more and more land is needed for percolation. 

1.2.3.1.2 Surface	Water	

The completion of Friant Division in the 1940s by Reclamation under the Central Valley Project (CVP) 
introduced additional surface water from the San Joaquin River to Madera County to supplement 
groundwater use.  The delivery of CVP water to Madera County enables the conjunctive use of surface water 
and groundwater in this region.  When surface water is available (or even in abundance) and delivered to the 
Madera County via the Madera Canal, farmers first use surface water for irrigation and then groundwater if 
needed.  Therefore, groundwater pumping is reduced during wet conditions and the aquifer can then be 
replenished naturally (water enters the aquifer through an outcrop), as well as through reduction in 
groundwater extraction.  During dry years with scarce surface water, groundwater can be pumped. 

MID has a CVP contract with Reclamation for up to 85,000 AF/year of Class 1 water and up to 186,000 
AF/year of Class 2 water for irrigation.  MID also can access Section 215 water when unmanaged flood flows 
of short duration are available from Friant Dam.  Reclamation and MID have completed the environmental 
evaluation of banking unused CVP water outside the MID service area on Madera Ranch, which is west of 
the City in Madera County; this is known as the MID Water Supply Enhanced Project (Reclamation, 2011).  
Reclamation and MID have approved this project and selected the preferred alternative for implementation.  
The goals of this project are to:  

 Enhance water supply reliability and flexibility by using the excess aquifer space for surface water 
storage (water banking) 

 Reduce existing and future aquifer overdraft 

 Reduce groundwater pumping costs 

 Increase groundwater quality 

 Encourage conjunctive use in the region as a means toward regional self-sufficiency 

MID staff have indicated a long-term water supply purchase agreement, in which MID would provide surface 
water for groundwater recharge, could be negotiated.  In 2006, as part of the Madera Lake Area Groundwater 
Storage Feasibility Study, MID determined that up to 10,000 AF/year could be recharge in Madera Lake 
(Boyle, 2008).  Permanent use of Madera Lake and new recharge basins south of Madera Lake and the Fresno 
River, up-gradient of the City of Madera, would provide significant additional supplies to the City. Under 
such a program, the City could coordinate with MID during the implementation of the MID Water Supply 
Enhanced Project to purchase available surface water and help offset overpumping of the groundwater basin.  
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1.2.3.2 Surface Spreading 
Recharge of the groundwater basin through surface spreading of storm water and flood water from the 
Fresno River is another option.  Per the IRWMP, a group of representatives should be formed by the City, 
Madera County, and MID to discuss development of a multiagency organization, and thus initiate a 
multiagency-funded feasibility study.  This group can form a joint power authority to finance, construct, and 
operate storm water detention and groundwater recharge basins with the objectives of reducing flood 
problems and recharging the groundwater basin.  Although there are benefits of groundwater recharge 
through surface spreading, no firm plans to do so are in place at this time. 

1.3 Summary 

Over the planning period for this Master Plan, it appears that continued reliance on groundwater is the City’s 
primary water supply option.  However, even with supplemental supplies such as recycled water, in-lieu 
recharge, or surface spreading, the groundwater levels will continue to drop.  Furthermore, given that the 
City’s water use is small compared to surrounding agricultural uses and that the Madera Subbasin has not 
been adjudicated, the City has relatively little control.  Therefore, it is important for the City to cooperate with 
other water users in the county, such as MID and the Gravelly Ford Water District to address and mitigate 
the groundwater overdraft through recharge or pumping reduction.  As the City grows, it will be necessary to 
construct additional wells to meet potable water demand, and the existing and new wells will need to pump 
from greater depths and at lower pump and well efficiencies. 

.   

Of the options presented above, the most promising appears to be WWTP effluent percolation (and/or 
direct injection in the future) and recovery for agricultural irrigation by MID.  This option has the potential to 
recover up to 50 percent of the City’s 2040 water demand.  Conjunctive use of surface water and surface 
spreading of storm water and flood flows should also be explored in cooperation with other agencies, but the 
magnitude of the benefits is unknown at this time.   

A dedicated recycled water program for landscape irrigation and industrial use, while appealing, does not 
appear to be practical given the high costs outlined in the feasibility study (MWH, 2011) and the fact that the 
same water could be percolated without additional treatment and recovered by MID for in-lieu recharge.  The 
exception to this is the potential use of Well 27.  Without additional treatment for nitrate removal, Well 27 
cannot be used for potable supplies.  Therefore, the City must decide whether to use the well as a recycled 
water source, upgrade its treatment processes, or abandon it. 
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