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Executive Summary
Future Water Supply Scenarios and 
Recommendations:
Chapter 4 of this Water Supply and Facilities Master Plan describes 
the quantity and reliability of groundwater pumped by Cal Water.
This chapter also describes other potential future water supply 
concepts (surface water and recycled water) that Cal Water can 
further explore to increase supply reliability as demands increase in 
the future and if groundwater conditions change.

After identifying other potential water supplies for the Chico-
Hamilton City District, this Chapter then presents the most 
plausible water supply scenario available to Cal Water, including a 
comparison of future water supply and demand. The cost of the 
recommended water supply scenario is also provided.

Recommended CIP 
Components and Costs:
Recommended facilities to address 
identified existing system or buildout 
system deficiencies are discussed in 
Chapters 8 and 9 of this Water Supply 
and Facilities Master Plan.  Costs for 
those recommended improvements are 
discussed in Chapter 10.

Executive Summary Contents:
Introduction
Overview of Chico-Hamilton City District 
Service Area
Existing and Future Water Demands
Existing and Future Water Supplies
Recommended Facilities Renewal and 
Replacement Program
Recommended Capital Improvement 
Program

Renewal and Replacement (R&R) Program:
A conditions assessment was performed for the Chico-Hamilton City District facilities to assess the existing condition of 
each station and make recommendations for required improvements. Recommended R&R activities include rehabilitation 
or replacement of existing wells and booster pumps, rehabilitation or replacement of redwood tanks, improvements to 
SCADA system components, painting of existing tanks and buildings, and other improvements.  The recommended R&R 
activities are described by station in Chapter 7 of this Water Supply and Facilities Master Plan.

160170170160150160Unit Capital Costs, $/af

30,00030,00030,00030,00030,00030,000Groundwater, af

4,818,4755,230,5505,120,7504,804,3004,412,2504,825,650Annualized Capital Cost, $

203020252020201520102006Component

Future Unit Costs of Existing Groundwater Capacity (in 2006 dollars):

$0.83 M--$0.83 MEmergency Generators

$39.61 M$39.51 M$0 MGroundwater Well Improvements

$0.06 M$0.06 M$0 MNew Pressure Reducing Stations

$85.24 M$31.71 M$53.53 MR&R Costs

Summary of CIP and R&R Costs:

$210.21 M

$29.51 M

$19.43 M

$89.89 M

Buildout 
System

$296.39 M$86.18 MTotals

$41.01 M$11.50 MStorage Improvements

$35.14 M$15.71 MPump Station Improvements

$94.50 M$4.61 MPipeline Improvements

Totals
Existing
System Recommended Improvements
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EXECUTIVE SUMMARY 

INTRODUCTION 

This Water Supply and Facilities Master Plan for the California Water Service Company’s (Cal 
Water) Chico-Hamilton City District describes the Chico-Hamilton City District’s water supply 
and distribution facilities, existing and projected future water demands, and existing and potential 
future water supplies. In order to evaluate the Chico-Hamilton City District’s water system, West 
Yost Associates (WYA) developed a hydraulic water system model of the Chico-Hamilton City 
District system and conducted a condition assessment of the Chico-Hamilton City District’s water 
facilities. 

Three major work products resulted from this master planning effort. They are: 

• An evaluation of potential future water supplies and economic feasibility analysis of 
potential future water supply scenarios; 

• A recommended Renewal and Replacement (R&R) Program for the Chico-Hamilton 
City District’s water system facilities; and 

• A recommended Capital Improvement Program (CIP) for Chico-Hamilton City 
District’s existing water system and future water system at buildout. 

The associated analyses and assessments related to these issues and their recommendations are 
summarized below. Complete descriptions of the analyses and assessments are provided in the 
chapters and appendices of this Water Supply and Facilities Master Plan. 

OVERVIEW OF CHICO-HAMILTON CITY DISTRICT SERVICE AREA 

Cal Water currently provides potable water service to the Cities of Chico and Hamilton City, 
which are located approximately 80 miles north of Sacramento. The Chico-Hamilton City District 
service area is approximately 16,599 acres, or 25.9 square miles. The location of the Chico-
Hamilton City District is shown on Figure ES-1. As shown in Figure ES-1, the Chico-Hamilton 
City District service area serves all county islands within the Hamilton City and City of Chico 
city limits. 

Cal Water tracks the number of services within the Chico-Hamilton District using six different 
revenue classes: Residential–Metered, Residential–Flat, Multiple Residences, Commercial, 
Industrial, Government, and Other. The Residential–Metered and Residential–Flat classes usually 
designate a service normally served by an individual meter, while the Multiple Residences class 
usually designates a service served by more than one meter.  

Cal Water does not serve all of the schools, parks, or cemeteries within the Chico-Hamilton 
District; some users are served through private or individual wells on-site. The “Other” class 
includes all construction or “other” metered water uses that do not fit within the other five 
categories. 
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EXISTING AND FUTURE WATER DEMANDS 

As described in Chapter 3 of this Water Supply and Facilities Master Plan, existing water 
demands for the Chico-Hamilton City District were determined based on historical water 
production data, historical consumption data, and an estimation of unaccounted-for water. 
Peaking factors for maximum day demand and peak hour demand were estimated based on 
historical water consumption records.  

Future water demands were projected through buildout of the Chico-Hamilton City District using 
a unit demand method based on land uses assigned to revenue classes. Table ES-1 summarizes 
projected water use in the Chico-Hamilton City District.  

EXISTING AND FUTURE WATER SUPPLIES 

The Cal Water Chico-Hamilton City District currently relies solely on groundwater to meet the 
potable water demands of its existing customers.  

The Chico-Hamilton City District overlies the Sacramento Valley groundwater basin, which has 
been divided into several smaller sub-basins using institutional boundaries established by the 
California Department of Water Resources (DWR). As shown on Figure ES-2, Cal Water’s 
Chico-Hamilton City District currently overlies three sub-basins of the Sacramento Valley 
Groundwater Basin (the Vina, West Butte, and Corning sub-basins); however, the Chico-
Hamilton City District will also eventually overlie the East Butte sub-basin at buildout. Cal Water 
is one of many groundwater pumpers that will continue to use groundwater from these sub-basins. 

Cal Water operates 36 municipal supply wells within the Vina sub-basin, 21 municipal supply 
wells in the West Butte sub-basin, and 3 municipal supply wells in the Corning sub-basin. Cal 
Water also has 8 inactive wells due to water quality or low yield issues. As discussed in 
Chapter 3, during 2005 the Chico-Hamilton City District pumped approximately 28,900 af of 
groundwater for potable water consumption in the City of Chico and approximately 600 af of 
groundwater for potable water consumption in Hamilton City. A detailed description of the 
groundwater supply, including historic groundwater levels and groundwater quality, is provided 
in Chapter 4 of this Water Supply and Facilities Master Plan. 

Table ES-2 presents the future unit cost of maintaining the existing groundwater pumping 
capacity assuming the replacement schedule and costs presented in Chapter 7 (Facility 
Assessment). The capital costs were annualized using the depreciation methodology adopted by 
Cal Water for its capital projects. The methodology, developed by Cal Water, accounts for 
depreciation over 40 years, and revenue requirements to cover debt, annual rate of return (13 
percent), and taxes. The detailed tables used to develop the costs presented in Table ES-2 are 
included in Appendix K.  
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Table ES-2. Future Unit Costs of Existing Groundwater Capacity (in 2006 dollars) 

Component 2006 2010 2015 2020 2025 2030 

Annualized Capital Cost, $ 4,825,650 4,412,250 4,804,300 5,120,750 5,230,550 4,818,475
Groundwater, af(a) 30,000 30,000 30,000 30,000 30,000 30,000

Unit Capital Costs, $/af(b) 160 150 160 170 170 160
(a) Actual 2005 pumpage was equal to 29,493. The pumpage was rounded to 30,000 af for planning purposes. 
(b) Unit Capital Costs rounded to the nearest $10. 

It is recommended that Cal Water staff plan on using groundwater to meet future water demands, 
but closely monitor groundwater levels to ensure increased annual demands do not induce 
overdraft conditions on a long-term basis. Although the planning horizon for this Water Supply 
and Facilities Master Plan is 2030, it will most likely require an update every 5 to 10 years. 

HYDRAULIC MODEL 

Chapter 6 describes the development, calibration, and verification of the Cal Water’s Chico-
Hamilton City District water system hydraulic models. 

HYDRAULIC MODEL CALIBRATION 

The hydraulic models for the District were calibrated to confirm that the computer simulation 
model can accurately represent the operation of the water distribution system under varying 
conditions. The hydraulic model calibration was separated into two steps. The first step was 
confirmation of existing C-factors and the second step was hydraulic model verification. These 
two calibration steps are discussed further in the following sections. 

Existing C-Factor Confirmation 

After refining/enhancing Cal Water’s hydraulic models, twenty-six locations were chosen in the 
City of Chico and two locations were chosen in Hamilton City for possible hydrant flow testing 
(see Figure ES-3). These tests were used to evaluate pipeline friction factors (C-factors) and to 
calibrate the models to ensure that both models closely represented actual observed pressure 
conditions in the field. 

Hydraulic Model Verification 

Verifying that a model replicates field conditions requires thorough knowledge of how the system 
performs over a wide range of operating conditions. To ensure that the hydraulic model was 
correctly configured and capable of producing results that are consistent with those observed in 
the field, a verification process was carried out.  
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Overall, the results from the hydraulic model verification process validated the system 
configuration and demand allocation. However, based on the lack of accurate SCADA 
information from the District’s facilities, it was impossible to refine the verification results. Pump 
station flow rate comparisons at each of Cal Water’s operated facilities trended accurately for 
both SCADA and field readings. Comparisons of hydrant pressure record (HPR) and model-
simulated data trended well. Most of the trends, though not exact, follow closely with the 
recorded HPR pressures. It is our recommendation that Cal Water continue to update/verify 
pipeline system configurations in the model as new facilities are constructed. It is also 
recommended to calibrate and confirm that the SCADA system is tracking good system 
information.  

Based on the results of our verification, it can be concluded that the model provides an accurate 
operational representation of Cal Water’s Chico-Hamilton City District water distribution system, 
and is more than adequate for use as a planning and operational tool. 

RECOMMENDED FACILITIES RENEWAL AND REPLACEMENT PROGRAM 

As described in Chapter 7 of this Water Supply and Facilities Master Plan, WYA performed a 
conditions assessment of the Chico-Hamilton City District facilities in order to assess current 
condition and make recommendations for future renewal and replacement (R&R) activities. Most 
of the facilities were assessed via a “desktop assessment,” whereby available data regarding each 
facility’s original construction and maintenance activities were reviewed and evaluated. Twenty-
two of the Chico-Hamilton City District stations were also visited with District operations staff 
for an “on-site assessment” to document and evaluate existing conditions at those stations. 

Chico-Hamilton City District staff indicated that the following improvements would be helpful in 
the operation of the Chico-Hamilton City District system in the next five years. 

Capital Improvement Projects 

• Drill wells for Stations 077 and 078 as needed for new development 

R&R Projects 

• Reactivate the inactive Station 033 (in process) 

• Install GAC system for Station 040 for reactivation of the station 

• Rehabilitate Station 058 to remove odor, taste and color 

• Complete interior painting for Tank 2 of Station 001 in the Chico system (in progress) 

• Replace cathodic protection anodes for Tank 2 of Station 001 in the Chico system (by 
2007) 

• Paint the exterior of Tank 1 at Station 066 and the interior of Tank 3 at Station 008 in 
the Chico system (by 2007) 

• Paint the interior of Tank 4 at Station 003 in the Chico system (by 2008) 
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• On an on-going basis, replace all oil lube type pumps to water lube type pumps with a 
mechanical seal 

• On an on-going basis, continue to relocate disinfectant supplies and dosing equipment 
out of the pump facilities into a fiberglass shed or separate room in the pump buildings 

A summary of the preliminary R&R schedule is provided in Table 1 of Appendix N in five-year 
increments. A preliminary R&R cost estimate in five-year increments is shown in Figure ES-4. 
The cost estimates for the first five years reflect the construction cost for the R&R projects and 
does not include land acquisition, engineering, legal, administrative costs, and construction 
contingencies. 

SUMMARY OF RECOMMENDED IMPROVEMENTS FOR EXISTING POTABLE 
WATER SYSTEM 

Chapter 8 presents an overview evaluation of the Chico-Hamilton City District’s existing water 
system (see Figure ES-5) and its ability to meet the Chico-Hamilton City District’s recommended 
performance and planning criteria under existing demand conditions. The evaluation includes an 
analysis of water storage capacity, pumping capacity and the existing distribution system’s ability 
to meet recommended operational and design criteria under maximum day demand plus fire flow 
and peak hour demand conditions. The evaluation was conducted by WYA using the updated 
hydraulic model. The evaluations, findings, and recommendations for addressing the identified 
existing water system deficiencies are organized by pressure zone. A description of the 
recommended CIP to implement the recommended improvements, including an estimate of 
probable construction costs, is provided in Chapter 10. 

The recommended improvements needed to eliminate deficiencies identified in the analysis of the 
existing distribution systems are summarized below. 

Pipelines 

Pressure Zone 350 

• To alleviate head loss problems during maximum day demand plus fire flow in 
Pressure Zone 350, it is recommended various improvements described below. 

— Install 645 feet of a new 8-inch diameter pipeline along Eastwood Avenue 
— Upsize approximately 167 feet of an existing 2-inch diameter pipeline along Pine 

Street an 8-inch diameter pipeline 

Hamilton City 

• To alleviate head loss problems during maximum day demand plus fire flow in 
Hamilton City, it is recommended various improvements described below. 

— Upsize approximately 196 feet of an existing 6-inch diameter pipeline along 6th 
Street to a 12-inch diameter pipeline 
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— Upsize approximately 762 feet of an existing 6-inch diameter pipeline along 6th 
Street to an 8-inch diameter pipeline 

— Upsize approximately 515 feet of an existing 6-inch diameter pipeline along 1st 
Street to an 8-inch diameter pipeline 

— Install 2,892 feet of a new 12-inch diameter pipeline along Broadway Avenue 
— Install 630 feet of a new 12-inch diameter pipeline along 2nd Street 
— Upsize approximately 250 feet of an existing 6-inch diameter pipeline along 2nd 

Street to an 8-inch diameter pipeline 
— Install 1,048 feet of a new 8-inch diameter pipeline along 5th Street  
— Install 198 feet of a new 8-inch diameter pipeline along 2nd Street 
— Install 208 feet of a new 8-inch diameter pipeline along 4th Street 

Pump Stations 

Chico 

• A new 7.49 mgd booster pump station should be constructed to convey water from a 
new 2.7 MG storage tank located at Silver Dollar Way to increase storage in Pressure 
Zone 350. 

• A new 3.24 mgd booster pump station should be constructed to convey water from a 
new 1.0 MG storage tank to be located at Mcintosh Avenue, west of Dayton Road to 
increase storage in Pressure Zone 350. 

• A new 6.34 mgd booster pump station should be constructed to convey water from a 
new 1.0 MG storage tank to be located between Bruce Road and Potter Road to 
increase storage in Pressure Zone 350. 

• A new 4.54 mgd booster pump station should be constructed to convey water from a 
new 1.0 MG storage tank to be located southwest of Highway 99 and Entler Avenue 
(west of Norfield Avenue) to increase storage in Pressure Zone 350. 

• A new 6.84 mgd booster pump station should be constructed at Station 44 to provide 
maximum day plus fire flow demand in Pressure Zone 400. 

• An additional 2.44 mgd of total pumping capacity should be provided at Station 66 to 
provide maximum day plus fire flow demand in Pressure Zone 795. 

Hamilton City 

• A new 6.93 mgd booster pump station should be constructed in Hamilton City to 
convey water from a new 1.0 MG storage tank located north of Broadway and 6th 
Street (future commercial land use parcel). 
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Storage Facilities 

Chico 

• To alleviate operational and fire flow storage deficiencies, an additional 5.7 MG of 
storage should be provided in Pressure Zone 350. These facilities should include the 
following: 

⎯ 2.7 MG storage tank with a 7.49 mgd booster pump station to be located at 
Silver Dollar Way, northwest of the Cal Water Chico-Hamilton City District 
office 

⎯ 1.0 MG storage tank with a 3.24 mgd booster pump station to be located at 
Mcintosh Avenue, west of Dayton Road 

⎯ 1.0 MG storage tank with a 6.34 mgd booster pump station to be located 
between Bruce Road and Potter Road 

⎯ 1.0 MG storage tank with a 4.54 mgd booster pump station to be located 
southwest of Highway 99 and Entler Avenue (west of Norfield Ave) 

• To alleviate fire flow storage requirements in Pressure Zone 400, a new 1.0 MG 
storage tank should be constructed at Station 44 in Pressure Zone 400. 

Hamilton City 

• To alleviate fire flow storage requirements in Hamilton City, a new 1.0 MG storage 
tank with a 6.93 mgd booster pump should be constructed north of Broadway and 6th 
Street (future commercial land use parcel). 

Standby Generators 

Chico 

• To increase the emergency storage credit in Pressure Zone 350, standby generators 
should be installed at Stations 54, 71, and 75. 

SUMMARY OF RECOMMENDED IMPROVEMENTS FOR BUILDOUT OF THE 
POTABLE WATER SYSTEM 

Chapter 9 summarizes an evaluation of the Chico-Hamilton City District’s water system at 
buildout and identifies the improvements to existing water system infrastructure. 

The buildout system analysis was conducted by WYA using a model developed after the existing 
system deficiencies were identified (see Chapter 8) and improvements needed to eliminate these 
deficiencies were incorporated into the model. 
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The recommended improvements needed to eliminate deficiencies identified in the analysis of the 
buildout distribution systems are summarized below. 

Pipelines 

Chico 

• To alleviate head loss and velocity problems in Pressure Zone 350 during maximum 
day demand plus fire flow, it is recommended to upsize the 8-inch diameter main 
(approximately 454 feet) along Thorntree Drive, west of Contractors Drive to a 12-
inch diameter main and install a 12-inch diameter main (approximately 3,545 feet) 
along Mcintosh Avenue, from downstream of Dayton PRV/PSV station to Diamond 
Avenue.  

• To alleviate head loss and velocity problems in Pressure Zone 400 during maximum 
day demand plus fire flow, it is recommended to upsize the 6-inch diameter main 
(approximately 289 feet) along Fortress Street, between Ryan Avenue and Crusader 
Court with an 8-inch diameter pipeline. 

Pump Stations 

Chico 

Pressure Zone 350 

• 9 new groundwater wells should be constructed to provide additional supply to 
Pressure Zone 350 to meet increasing demand under buildout conditions. The total 
capacity of each groundwater shall be 2.66 mgd (1,850 gpm). 

• New 8.0 mgd booster pump stations (total capacity of 5,560 gpm; firm capacity of 
4,170 gpm) should be constructed at each of the recommended new 3.0 MG storage 
tanks. 

Pressure Zone 400 

• The new pump station recommended for the existing system at Station 44 should be 
upsized from 6.84 mgd to 7.53 mgd (total capacity of 5,230 gpm; firm capacity of 
3,920 gpm) to meet future pumping requirements during maximum day plus fire flow 
conditions. 

Pressure Zone 570 

• 8 new groundwater wells should be constructed to provide supply to the new Pressure 
Zone 570 located southeast of the Chico District. These groundwater wells include: 

— Six 2.38 mgd (1,650 gpm) groundwater wells  
— Two 1.87 mgd (1,300 gpm) groundwater wells 

• New 7.5 mgd booster pump stations (total capacity of 5,205 gpm; firm capacity of 
3,470 gpm) should be constructed at each of the recommended 2.5 MG storage tanks.  
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Pressure Zone 635 

• A new 3.17 mgd booster pump station (total capacity of 2,200 gpm; firm capacity of 
1,100 gpm) should be constructed to convey water from Pressure Zone 475 to Pressure 
Zone 635, and to fill the new 1.2 MG storage tank located in Pressure Zone 635.  

Storage Facilities 

Chico 

Pressure Zone 350 

• To meet future operational storage requirements in Pressure Zone 350, the following 
additional storage facilities should be constructed:: 

— An additional 1.0 MG storage tank at Mcintosh Avenue, west of Dayton Road. 
— An additional 1.0 MG storage tank at Bruce Road and Potter Road..  
— An additional 1.0 MG storage tank southwest of Highway 99 and Entler Avenue 
— Two new 3.0 MG storage tanks in Pressure Zone 350 (one southeast of Forest 

Avenue and Baney Lane and one at Station 44 along Guynn Avenue) 

Pressure Zone 400 

• To meet future operational storage requirements in Pressure Zone 400, the new storage 
tank recommended for the existing system at Station 44 should be upsized from 1.0 
MG to 1.2 MG. 

Pressure Zone 475 

• To serve new growth in Pressure Zone 475 and to provide the required storage 
capacity, a 2.1 MG storage tank should be constructed between Humboldt Road and 
Coyote Way. 

Pressure Zone 570 

• To serve new growth in Pressure Zone 570 and to provide the required storage 
capacity, two new 2.5 MG storage tanks should be constructed (one south of Skyway 
and one south of Nance Canyon). 

Pressure Zone 635 

• To serve new growth in Pressure Zone 635 and to provide the required storage 
capacity, a 1.2 MG storage tank should be constructed between Humboldt Road and 
Highway 32. 
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Pressure Zone 795 

• To serve new growth in Pressure Zone 795 and to provide the required storage 
capacity, a 1.3 MG storage tank should be constructed on a future parcel at the 
southeast intersection of Shadowtree Lane and Whispering Winds Lane. 

Hamilton City 

• To meet future operational storage requirements in Hamilton City, the new storage 
tank recommended for the existing system should be upsized from 1.0 MG to 1.1 MG. 

Pressure Reducing Stations and Isolation Valves 

Chico 

Pressure Zone 570 

• Because of the wide range in elevations throughout Pressure Zone 570, three pressure 
reducing valves and one isolation valve should be constructed to eliminate excessive 
pressure in the lower elevations of Pressure Zone 570. 

Altitude Valves 

Chico 

• Altitude valve should be installed at all new storage tanks to provide the ability to fill 
the tank when the pump station is not operating. 

RECOMMENDED CAPITAL IMPROVEMENT PROGRAM 

This chapter presents the recommended CIP for the Chico-Hamilton District’s existing and 
buildout water system. Several recommendations for improvements to the existing and buildout 
water system were described previously in Chapters 8 and 9, respectively. This chapter provides 
descriptions of the recommended CIP program, along with estimates of probable construction 
costs. 

Costs are presented in May 2008 dollars based on an Engineering News Record Construction 
Cost Index (ENR CCI) of 8141 (20 Cities Average). Total CIP costs include the following 
contingencies and project cost allowances: 

• Construction Contingency:  20 percent 

• Project Cost Allowances: 

— Design:  10 percent 
— Construction Management:  10 percent 
— Administration:  8 percent 
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A complete description of the assumptions used in developing the estimates of probable 
construction costs is provided in Appendix R. 

Several improvement projects are recommended for the existing system and the buildout system. 
The recommended improvements for the existing system should be completed within the next 
five years. Figure ES-7 presents a five-year schedule starting in 2008 for the construction of the 
recommended capital improvement projects to eliminate deficiencies in the existing system.  

The construction of the improvements for the buildout system should be coordinated with the 
proposed schedules of future development to ensure that the required infrastructure will be in 
place to serve future customers. However, they are based on addressing deficiency in fire flows, 
emergency storage, or reliability issues, and therefore should be completed in the next 10 years. 
As illustrated on Figures ES-7 and ES-8, all the required improvements are shown to be 
completed by end of 2030 (includes R&R recommendations). 

For the pump station upgrades, probable construction costs have been estimated based on the 
ultimate, additional pumping capacity required. For each of the pump station upgrades, and the 
other recommended improvements, costs should be appropriately allocated to existing and/or 
future users, as shown in Tables ES-3 and ES-4. 
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Cost
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EXISTING CAPITAL IMPROVEMENTS

HC Pipeline Improvement 12-inch diameter, 196 lf FF01 196 lf 36,000$                       55,000$                                
HC Pipeline Improvement 8-inch diameter, 762 lf FF02 762 lf 100,000$                     154,000$                              
HC Pipeline Improvement 12-inch diameter, 515 lf FF03 515 lf 94,000$                       144,000$                              
HC Pipeline Improvement 12-inch diameter, 2892 lf FF04 2892 lf 527,000$                     810,000$                              
HC Pipeline Improvement 12-inch diameter, 630 lf FF05 630 lf 115,000$                     177,000$                              
HC Pipeline Improvement 8-inch diameter, 250 lf FF06 250 lf 33,000$                       51,000$                                
HC Pipeline Improvement 8-inch diameter, 1048 lf FF07 1048 lf 138,000$                     212,000$                              
HC Pipeline Improvement 8-inch diameter, 198 lf FF08 198 lf 26,000$                       40,000$                                
HC Pipeline Improvement 8-inch diameter, 208 lf FF09 208 lf 27,000$                       41,000$                                
HC Pump Station New 6.93 mgd Pump Station CIPA 1,780,000$                  2,734,000$                           
HC Storage Tank New 1.1 MG Storage Tank (b) CIPA 1,142,000$                  1,754,000$                           
350 Pipeline Improvement 8-inch diameter, 645 lf FF10 645 lf 85,000$                       131,000$                              
350 Pipeline Improvement 8-inch diameter, 167 lf FF11 167 lf 22,000$                       34,000$                                
350 Pump Station New 7.49 mgd Pump Station CIP78 1,907,000$                  2,929,000$                           
350 Storage Tank New 2.7 MG Storage Tank CIP78 1,791,000$                  2,751,000$                           
350 Pump Station New 3.24 mgd Pump Station CIP79 978,000$                     1,502,000$                           
350 Storage Tank New 1.0 MG Storage Tank CIP79 1,136,000$                  1,745,000$                           
350 Pump Station New 6.34 mgd Pump Station CIP80 1,646,000$                  2,528,000$                           
350 Storage Tank New 1.0 MG Storage Tank CIP80 1,136,000$                  1,745,000$                           
350 New Pipeline Improvement 8-inch diameter, 840 lf CIP80 840 lf 110,000$                     169,000$                              
350 New Pipeline Improvement 12-inch diameter, 1254 lf CIP80 1254 lf 228,000$                     350,000$                              
350 Pump Station New 4.54 mgd Pump Station CIP81 1,247,000$                  1,915,000$                           
350 Storage Tank New 1.0 MG Storage Tank CIP81 1,136,000$                  1,745,000$                           
350 New Pipeline Improvement 12-inch diameter, 8004 lf CIP81 8004 lf 1,457,000$                  2,238,000$                           
350 Auxiliary Power Standby Generator at Stations 54, 71 and 75 CIP108 543,000$                     834,000$                              
400 Pump Station New 7.53 mgd Pump Station (c) CIP102 1,916,000$                  2,943,000$                           
400 Storage Tank New 1.2 MG Storage Tank (d) CIP102 1,148,000$                  1,763,000$                           
795 Upgrade Pump Station Pump Station Upgrade CIP66 755,000$                     1,160,000$                           1,160,000$                     

21,259,000$               32,654,000$                         -$                               -$                                      -$                               -$                                    -$                               -$                                    -$                               -$                                    32,654,000$                   
4,252,000$                  -$                               -$                               -$                               -$                               

25,511,000$               -$                               -$                               -$                               -$                               
2,551,000$                  -$                               -$                               -$                               -$                               
2,551,000$                  -$                               -$                               -$                               -$                               
2,041,000$                  -$                               -$                               -$                               -$                               

32,654,000$               -$                               -$                               -$                               -$                               

(a)  Costs shown based on May 2008 dollars and an ENR CCI of 8,141 (20 Cities Average).
(b)  1.0 MG storage tank is required to meet the storage capacity under existing condition, and the remaining 0.1 MG storage tank is required to meet the storage capacity under buildout condition.
(c)  6.84 mgd pump station is required under existing condition, and additional 0.69 mgd (7.53 mgd - 6.84 mgd) pumping capacity is required under buildout condition.
(d)  1.0 MG storage tank is required to meet the storage capacity under existing condition, and the remaining 0.2 MG storage tank is required to meet the storage capacity under buildout condition.

Table ES-3.  Summary of Probable Construction Costs for Existing CIP(a)

Construction Management (10%)
Program Implementation (8%)

Total CIP Cost

Totals
Construction Contingency (20%)

Total Construction Cost
Engineering (10%)

2011 - 2015 2021 - 2025

Total Cost for Existing 
and Future CIP by 

Pressure Zone

2026 - Buildout2016 - 2020

2.44mgd

2008-2010

Quantity

7.53 mgd

6,172,000$                     

Pressure Zone Improvement Type Improvement Description CIP ID

6.93 mgd
1.1 MG

7.49 mgd
2.7 MG

4,706,000$                     

20,616,000$                   

3.24 mgd

6.34 mgd

4.54 mgd

1.2 MG

3

1.0 MG

1.0 MG

1.0 MG
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BUILDOUT CAPITAL IMPROVEMENTS
350 Pipeline Improvement 12-inch diameter, 454 lf BFF01 454 lf -$                                      -$                                      68,900$                           106,000$                             -$                                     -$                                    
350 Pipeline Improvement 12-inch diameter, 3,545 lf BFF02 3545 lf -$                                      -$                                      537,800$                         826,000$                             -$                                     -$                                    
350 New Pipeline 8-inch diameter, 29,365 lf Group A 29365 lf -$                                      -$                                      3,266,700$                      5,018,000$                          -$                                     -$                                    
350 New Pipeline 12-inch diameter, 36,708 lf Group A 36708 lf -$                                      -$                                      5,568,400$                      8,553,000$                          -$                                     -$                                    
350 New Pipeline 8-inch diameter, 27,285 lf Group B 27285 lf -$                                      -$                                      -$                                     3,035,300$                     4,662,000$                          -$                                    
350 New Pipeline 12-inch diameter, 41,403 lf Group B 41403 lf -$                                      -$                                      -$                                     6,280,700$                     9,647,000$                          -$                                    
350 New Pipeline 16-inch diameter, 6,588 lf Group B 6588 lf -$                                      -$                                      -$                                     1,265,900$                     1,944,000$                          -$                                    
350 New Pipeline 8-inch diameter, 1,174 lf Group C 1174 lf -$                                      -$                                      130,600$                         201,000$                             -$                                     -$                                    
350 New Pipeline 12-inch diameter, 10,758 lf Group C 10758 lf -$                                      -$                                      1,631,900$                      2,507,000$                          -$                                     -$                                    
350 New Pipeline 8-inch diameter, 2,709 lf Group F 2709 lf -$                                      -$                                      301,400$                         463,000$                             -$                                     -$                                    
350 New Pipeline 12-inch diameter, 13,004 lf Group F 13004 lf -$                                      -$                                      1,972,700$                      3,030,000$                          -$                                     -$                                    
350 New Pipeline 8-inch diameter, 12,901 lf Group G 12901 lf -$                                      -$                                      1,435,200$                      2,204,000$                          -$                                     -$                                    
350 New Pipeline 12-inch diameter, 7,815 lf Group G 7815 lf -$                                      -$                                      1,185,500$                      1,821,000$                          -$                                     -$                                    
350 New Pipeline 16-inch diameter, 67 lf Group G 67 lf -$                                      -$                                      12,900$                           20,000$                               -$                                     -$                                    
350 New Pipeline 12-inch diameter, 15,272 lf Group H 15272 lf -$                                      -$                                      -$                                     -$                                     2,316,700$                      3,558,000$                          
350 New Pipeline 12-inch diameter, 483 lf Group I 483 lf -$                                      -$                                      -$                                     -$                                     73,300$                           113,000$                             
350 New Pipeline 8-inch diameter, 1,938 lf Group J 1938 lf -$                                      -$                                      215,600$                         331,000$                             -$                                     -$                                    
350 New Pipeline 12-inch diameter, 5,484 lf Group J 5484 lf -$                                      -$                                      831,900$                         1,278,000$                          -$                                     -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP89W -$                                      -$                                      -$                                     1,517,000$                     2,330,000$                          -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP86W -$                                      -$                                      -$                                     1,517,000$                     2,330,000$                          -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP90W -$                                      -$                                      1,517,000$                      2,330,000$                          -$                                     -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP91W -$                                      -$                                      1,517,000$                      2,330,000$                          -$                                     -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP92W -$                                      -$                                      1,517,000$                      2,330,000$                          -$                                     -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP93W -$                                      -$                                      1,517,000$                      2,330,000$                          -$                                     -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP94W -$                                      -$                                      1,517,000$                      2,330,000$                          -$                                     -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP87W -$                                      -$                                      -$                                     1,517,000$                     2,330,000$                          -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP88W -$                                      -$                                      -$                                     1,517,000$                     2,330,000$                          -$                                    
350 Storage Tank New 1.0 MG Storage Tank BCIP80 -$                                      -$                                      1,135,700$                      1,744,000$                          -$                                     -$                                    
350 Storage Tank New 1.0 MG Storage Tank BCIP81 -$                                      -$                                      -$                                     -$                                     1,213,600$                      1,864,000$                          
350 Storage Tank New 1.0 MG Storage Tank BCIP79 -$                                      -$                                      1,135,700$                      1,744,000$                          -$                                     -$                                    
350 Storage Tank New 3.0 MG Storage Tank BCIP106 2,270,400$                     3,487,000$                          -$                                    
350 Pump Station New 8.0 mgd Pump Station BCIP106 2,022,800$                     3,107,000$                          -$                                    
350 Storage Tank New 3.0 MG Storage Tank BCIP107 -$                                     2,270,400$                      3,487,000$                          
350 Pump Station New 8.0 mgd Pump Station BCIP107 -$                                     2,022,800$                      3,107,000$                          
400 Pipeline Improvement 8-inch diameter, 289 lf BFF03 289 lf -$                                      -$                                      32,100$                           49,000$                               -$                                     -$                                    
400 New Pipeline 12-inch diameter, 2,418 lf Group B 2418 lf -$                                      -$                                      -$                                     366,800$                        563,000$                             -$                                    
475 New Pipeline 12-inch diameter, 3,586 lf Group C 3586 lf -$                                      -$                                      544,000$                         836,000$                             -$                                     -$                                    
475 New Pipeline 12-inch diameter, 3,826 lf Group D 3826 lf -$                                      -$                                      -$                                     -$                                     580,400$                         891,000$                             
475 New Pipeline 8-inch diameter, 835 lf Group E 835 lf -$                                      -$                                      -$                                     92,900$                          143,000$                             -$                                    
475 New Pipeline 12-inch diameter, 21,563 lf Group E 21563 lf -$                                      -$                                      -$                                     3,271,000$                     5,024,000$                          -$                                    
475 New Pipeline 16-inch diameter, 6,702 lf Group E 6702 lf -$                                      -$                                      -$                                     1,287,800$                     1,978,000$                          -$                                    
475 New Pipeline 8-inch diameter, 2,968 lf Group F 2968 lf -$                                      -$                                      330,200$                         507,000$                             -$                                     -$                                    
475 New Pipeline 12-inch diameter, 10,771 lf Group F 10771 lf -$                                      -$                                      1,633,900$                      2,510,000$                          -$                                     -$                                    
475 New Pipeline 8-inch diameter, 7,442 lf Group G 7442 lf -$                                      -$                                      827,900$                         1,272,000$                          -$                                     -$                                    
475 New Pipeline 12-inch diameter, 13,199 lf Group G 13199 lf -$                                      -$                                      2,002,200$                      3,075,000$                          -$                                     -$                                    
475 Storage Tank New 2.1 MG Storage Tank BCIP82 -$                                      -$                                      -$                                     1,759,800$                     2,703,000$                          -$                                    
570 New Pipeline 12-inch diameter, 56,092 lf Group I 56092 lf -$                                      -$                                      -$                                     -$                                     8,508,900$                      13,070,000$                        
570 New Pipeline 16-inch diameter, 20,733 lf Group I 20733 lf -$                                      -$                                      -$                                     -$                                     3,983,800$                      6,119,000$                          
570 Pressure Reducing Station Pressure Reducing Station -$                                      -$                                      -$                                     -$                                     38,800$                           60,000$                               
570 Groundwater Well 1.87 mgd Groundwater Well BCIP95W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Groundwater Well 2.38 mgd Groundwater Well BCIP96W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Groundwater Well 2.38 mgd Groundwater Well BCIP100W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Groundwater Well 2.38 mgd Groundwater Well BCIP101W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Groundwater Well 2.38 mgd Groundwater Well BCIP97W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Groundwater Well 2.38 mgd Groundwater Well BCIP98W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Groundwater Well 2.38 mgd Groundwater Well BCIP99W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Groundwater Well 1.87 mgd Groundwater Well BCIP104W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Storage Tank New 2.5 MG Storage Tank BCIP83A -$                                      -$                                      1,780,400$                      2,735,000$                          -$                                     1,780,400$                      2,735,000$                          
570 Pump Station New 7.5 mgd Pump Station BCIP83APS -$                                      -$                                      1,909,300$                      2,933,000$                          -$                                     1,909,300$                      2,933,000$                          
570 Storage Tank New 2.5 MG Storage Tank BCIP83C -$                                      -$                                      1,780,400$                      2,735,000$                          -$                                     1,780,400$                      2,735,000$                          
570 Pump Station New 7.5 mgd Pump Station BCIP83CPS -$                                      -$                                      1,909,300$                      2,933,000$                          -$                                     1,909,300$                      2,933,000$                          
635 New Pipeline 8-inch diameter, 273 lf Group D 273 lf -$                                      -$                                      -$                                     -$                                     30,400$                           47,000$                               
635 New Pipeline 12-inch diameter, 5,039 lf Group D 5039 lf -$                                      -$                                      -$                                     -$                                     764,400$                         1,174,000$                          
635 New Pipeline 8-inch diameter, 9,686 lf Group E 9686 lf -$                                      -$                                      -$                                     1,077,500$                     1,655,000$                          -$                                    
635 New Pipeline 12-inch diameter, 5,541 lf Group E 5541 lf -$                                      -$                                      -$                                     840,500$                        1,291,000$                          -$                                    
635 Storage Tank New 1.2 MG Storage Tank BCIP84 -$                                      -$                                      -$                                     1,148,100$                     1,764,000$                          -$                                    
635 Pump Station New 3.17 mgd Pump Station BCIP103PS -$                                      -$                                      -$                                     963,500$                        1,481,000$                          -$                                    
795 New Pipeline 8-inch diameter, 4,654 lf Group D 4654 lf -$                                      -$                                      -$                                     -$                                     517,700$                         795,000$                             
795 New Pipeline 12-inch diameter, 10,733 lf Group D 10733 lf -$                                      -$                                      -$                                     -$                                     1,628,100$                      2,501,000$                          
795 New Pipeline 16-inch diameter, 355 lf Group D 355 lf -$                                      -$                                      -$                                     -$                                     68,200$                           105,000$                             
795 Storage Tank New 1.3 MG Storage Tank BCIP85 -$                                      -$                                      -$                                     -$                                     1,154,300$                      1,773,000$                          

-$                                 -$                                      -$                               -$                                      39,766,000$                    61,081,000$                        31,751,000$                   48,769,000$                        44,687,000$                    68,640,000$                        178,490,000$                   
-$                                 -$                               7,953,000$                      6,350,000$                     8,937,000$                      
-$                                 -$                               47,719,000$                    38,101,000$                   53,624,000$                    
-$                                 -$                               4,772,000$                      3,810,000$                     5,362,000$                      
-$                                 -$                               4,772,000$                      3,810,000$                     5,362,000$                      

-$                                 -$                               3,818,000$                      3,048,000$                     4,290,000$                      
-$                                 -$                               61,081,000$                    48,769,000$                   68,640,000$                    

(a)  Costs shown based on May 2008 dollars and an ENR CCI of 8141 (20 Cities Average).
(b)  Cal Water funds all supply related improvements. All other improvements are typically funded by development community.

2.38 mgd

3.17 mgd

1.3 MG

2.5 MG
7.5 mgd

1.2 MG

1.87 mgd

2.38 mgd
2.38 mgd

7.5 mgd

3.0 MG

2.38 mgd
2.38 mgd

1.87 mgd
3

2.1 MG

2.38 mgd

2.66 mgd

1.0 MG

2.66 mgd
2.66 mgd
2.66 mgd

2.66 mgd

Improvement Description CIP ID

2.66 mgd
2.66 mgd

Totals
Construction Contingency (20%)

Total Construction Cost
Engineering (10%)

Construction Management (10%)

Program Implementation (8%)
Total CIP Cost

5,174,000$                   

Table ES-4.  Summary of Probable Construction Costs for Buildout CIP(a)

2008-2010

Quantity

2021 - 2025 2026 - Buildout2016 - 20202011 - 2015

Pressure Zone Improvement Type (b)

Total Cost for Existing and
Future CIP by Pressure 

Zone

612,000$                      

18,939,000$                 

7,412,000$                   

60,561,000$                 

85,792,000$                     

3.0 MG
8.0 mgd

8.0 mgd

2.5 MG

2.66 mgd

1.0 MG
1.0 MG

2.66 mgd

West Yost Associates
o:\c\436\02-06-03\ENG\t05\isChico T ES-3 & 4.xls
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California Water Service Company
Chico - Hamilton City District Water
Supply and Facilities Master Plan
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FIGURE ES-6

California Water Service Company
Chico - Hamilton City District Water
Supply and Facilities Master Plan

BUILDOUT WATER SYSTEM
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California Water Service Company
Chico-Hamilton City District

Water Supply & Facilities Master Plan
May 2008

Chapter 1:  Introduction
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CHAPTER 1. INTRODUCTION 

MASTER PLAN PURPOSE 

California Water Service Company (Cal Water) has an ongoing capital improvement program to 
upgrade the Chico-Hamilton City District’s water distribution system. However, with the recent 
development, calibration and verification of a hydraulic model of the Chico-Hamilton City 
District water system, Cal Water has the perfect opportunity to refine, further define, and 
prioritize a plan for capital improvement projects for the next 20 years. The intent of this Water 
Supply and Facilities Master Plan is to identify existing system deficiencies and required system 
improvements, based on updated demand estimates and system evaluations, and to formulate a 
comprehensive Capital Improvement Program (CIP) which meets the needs of existing and future 
customers. 

MASTER PLAN OBJECTIVES 

The objectives of this Water Supply and Facilities Master Plan are to: 

• Develop operational and design criteria under which the existing system will be 
analyzed and future facilities will be formulated, 

• Evaluate existing water demands and project future water demands, 

• Analyze the existing capacity and operation of existing pump stations, water storage 
facilities and pressure zone configurations to meet existing and 2025 water demands, 

• Identify potential new water storage facilities, 

• Evaluate water service to new development areas, 

• Evaluate the effect of operating limitations placed on several wells (due to water 
quality issues) 

• Evaluate potential new supply delivery points (both wells and turnouts) 

• Address the question: “What triggers the timing of construction of specific 
infrastructure improvements?” 

AUTHORIZATION 

West Yost Associates (WYA) was authorized to prepare this Water Supply and Facilities Master 
Plan by Cal Water on February 23, 2006. 
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REPORT ORGANIZATION 

This Water Supply and Facilities Master Plan is organized into the following chapters: 

• Chapter 2:  Existing Water Distribution System 
• Chapter 3:  Water Demands  
• Chapter 4:  Water Supply 
• Chapter 5:  Planning and Design Criteria 

• Chapter 6:  Hydraulic Model Development 
• Chapter 7:  Inventory and Assessment of Facilities Conditions and Capacity 
• Chapter 8:  Evaluation of Existing Water System 
• Chapter 9:  Evaluation of Future Water System 
• Chapter 10:  Recommended Capital Improvement Program 

The following appendices to this Water Supply and Facilities Master Plan contain additional 
technical information and assumptions: 

• Appendix A. Chico-Hamilton City District Population Estimates 
• Appendix B. Conversion of Existing and Future Land Use Designations 
• Appendix C. Water Conservation Best Management Practices 

• Appendix D. Diurnal Curves for Chico-Hamilton City District Pressure Zones 
• Appendix E. Conversion of Demand Factors in the UWMP 
• Appendix F. Key Portions of Butte County Groundwater Inventory Analysis 

Including Plates 1 through 9 
• Appendix G. DWR Water Levels 
• Appendix H. Cal Water Levels 

• Appendix I. Water Quality for Key Cal Water Wells 
• Appendix J. SWRCB Sampling Results for Station 16 
• Appendix K. Detailed Cost Estimates for Groundwater Supply 
• Appendix L. Appendix 6-A. Hydraulic Model Calibration 

• Appendix M. Verification Results 
• Appendix N. Table 1. Recommended Renewal and Replacement (R&R) of System 

Facilities 
Table 2. Asset Inventory Summary of District Facilities 
Table 3. Summary of the Recommendations 
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• Appendix O. Technical Memo for CWS SCADA System 
• Appendix P. Condition Assessment Forms 

• Appendix Q. Station Facility Photos from Site Visits 
• Appendix R. Cost Estimating Assumptions 

ACRONYMS AND ABBREVIATIONS 

The following acronyms and abbreviations have been used throughout this Water Supply and 
Facilities Master Plan to improve document clarity and readability. 

AC Asbestos Cement 
af Acre-Feet 
af/ac/yr Acre-Feet Per Acre Per Year 
af/service/yr Acre-Feet Per Service Per Year 
AWWA American Water Works Association 
BCWRC Butte County Department of Water Resources and Conservation 
BMPs Best Management Practices 
BPS Booster Pump Stations 
BTEX Benzene, Toluene, Ethylbenzene, Xylenes 
Cal Water California Water Service Company 
CCI Construction Cost Index 
CDOF California Department of Finance 
C-factor Roughness Factor 
CFC California Fire Code 
CI Cast Iron 
CICL Cast Iron Cement Lined 
CIP Capital Improvement Program 
CL&C Cement Mortar Lined & Cement Mortar Coated 
CMU Concrete Masonry Unit 
COA Coordinated Operations Agreement 
COP Copper 
CUWCC California Urban Water Conservation Council 
D&W Coated Steel 
DHS Department of Health Services 
DI Ductile Iron 
DTSC Department of Toxic Substances Control 
DWR Department of Water Resources 
ENR Engineering News Record 
EPS Extended Period Simulation 
fps Feet Per Second 
ft Feet 
ft/kft Feet Per Thousand Feet 
ft/year Feet Per Year 
GAC Granular Activated Carbon 
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GIS Geographical Information System 
gpcd Gallons Per Capita Per Day 
gpm Gallons Per Minute 
HCCSD Hamilton City Community Services District 
HGL Hydraulic Grade Line 
HPR Hydrant Pressure Recorders 
ID Inside Diameter 
LUFT Leaking Underground Fuel Tank 
MCL Maximum Contaminant Levels 
MG Million Gallons 
mg/L Milligrams Per Liter 
mgd Million Gallons Per Day 
MOU Memorandum of Understanding 
MTBE Methyl Tertiary-butyl Ether 
NFPA National Fire Protection Association 
O&M Operations and Maintenance 
OD Outer Diameter 
PAHs Polycyclic Aromatic Hydrocarbon 
PCE Tetrachloroethylene 
PG&E Pacific Gas & Electric 
PRV Pressure Reducing Valves 
psi Pounds Per Square Inch 
PVC Polyvinyl Chloride 
R&R Replacement and Renewal 
RTU Remote Telemetry Units 
SCADA Supervisory Control and Data Acquisition 
SLIC List Spills, Leaks, Investigation, and Cleanup List 
SS/STD STL Standard Steel 
STL Steel 
STL CL Cement Mortar Lined Steel 
STL CL&C Cement Lined & Coated Steel Pipe 
SWP State Water Project 
SWRCD State Water Resources Control Board 
TAC Technical Advisor Committee 
TCE Trichloroethylene 
TDH Total Dynamic Head 
TDS Total Dissolved Solids 
TPH Total Petroleum Hydrocarbons 
TRANS Transite 
UAFW Unaccounted-for Water 
UFC Uniform Fire Code 
USBR U.S. Bureau of Reclamation 
UWMP Urban Water Management Plan 
VOC Volatile Organic Chemical 
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WAC Water Advisory Committee 
WI Wrought Iron 
WPCP Water Pollution Control Plant 
WYA West Yost Associates 
YEL Yellow Mine 
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The Cal Water Chico-Hamilton City District water distribution service area is located 
in Butte and Glenn Counties, located approximately 80 miles north of Sacramento. 
The Chico-Hamilton City District service area is approximately 16,599 acres, or 25.9 
square miles. Chico-Hamilton City District service area serves all county islands 
within the Hamilton City and City of Chico city limits. The Chico-Hamilton City 
District’s water distribution system currently serves approximately 17,640 customers 
(service connections) comprising a population of 52,726 as of January 1, 2006.
The purpose of this chapter is to describe the Cal Water Chico-Hamilton City 
District’s existing (2006) water distribution system. System information was obtained 
through the review of previous reports, maps, plans, operating records, and other 
available data provided to WYA by Cal Water. Existing facilities were also visited 
and Cal Water staff were consulted on existing system conditions, any operational 
problems, and planned improvements. 
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CHAPTER 2. EXISTING SYSTEM 

The purpose of this chapter is to describe Cal Water’s Chico-Hamilton City District’s existing 
(2006) water distribution system. System information was obtained through the review of 
previous reports, maps, plans, operating records, and other available data provided to WYA by 
Cal Water. The following sections of this chapter describe the components of the Cal Water’s 
Chico-Hamilton City District existing water distribution system: 

• Existing Service Area 

• Chico-Hamilton City District Service Connections and Population served Existing 
Water Supplies 

• Existing Water System Facilities 

— Wells 
— Storage Facilities 
— Booster Pump Stations 
— Distribution Pipelines 
— SCADA System 

EXISTING SERVICE AREA 

Cal Water currently provides potable water service to the Cities of Chico and Hamilton City, 
which are located approximately 80 miles north of Sacramento. The Chico-Hamilton City District 
service area is approximately 16,599 acres, or 25.9 square miles. The location of the Chico-
Hamilton City District is shown on Figure 2-1. As shown in Figure 2-1 the Chico-Hamilton City 
District service area serves all county islands within the Hamilton City and City of Chico city 
limits. 

CHICO-HAMILTON CITY DISTRICT SERVICE CONNECTIONS AND POPULATION 
SERVED 

The Chico-Hamilton City District currently has six different revenue classes which make up its 
25,830 service connections. A breakdown of the number of connections by revenue class is 
provided in Table 2-1. As shown, over 80 percent of the Chico-Hamilton City District’s (i.e., both 
the City of Chico and Hamilton City) connections are residential (flat and metered). 

As mentioned previously, the Chico-Hamilton City District serves both county islands located 
within the City of Chico and Hamilton City; therefore, normal sources of historical population 
data do not apply to the Chico-Hamilton City District. Thus, the population estimates served by 
the Chico-Hamilton City District were determined based on housing densities (i.e., people per 
dwelling unit) and the number of dwelling units. 

A more complete description of the population estimation methodology, and how it was used to 
estimate population to be served in the future, is provided in Chapter 3 Water Demands. 
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Table 2-1. Existing (2005) Number of Service Connections by Revenue Class(a) 

Revenue Class 
Number of 

Connections in 2005 
Percent of 

Total Connections 

Residential - Metered 10,579 41.0 
Residential – Flat 11,182 43.3 
Multiple Residences 426 1.6 
Commercial 3,216 12.5 
Industrial 35 0.1 
Government 342 1.3 
Other 50 0.2 

Total 25,830 100.0 

Data provided by Cal Water (serv and sales.xls) 

EXISTING WATER SUPPLIES 

Cal Water’s Chico-Hamilton City District relies exclusively on groundwater to meet the water 
demands of its customers. The Chico-Hamilton City District does not have any surface water 
supply available to meet its potable needs. A complete description of the District’s groundwater 
supply is provided in Chapter 4. 

EXISTING WATER SYSTEM FACILITIES 

The Chico-Hamilton City District’s water system facilities (including wells, storage facilities and 
booster pump stations) are located at numbered “stations” throughout the service area. Figure 2-2 
shows the locations of the stations. A schematic of the pressure zones the stations serve is shown 
on Figures 2-3 through 2-8. 

Facility assessments are discussed in Chapter 7 of this report. The evaluation of facility capacities 
and ability to meet existing and future demands is described in Chapters 8 and 9. 

Existing Well Facilities 

The Chico-Hamilton City District currently has 50 active groundwater wells, 1 well under repair, 
and 8 inactive wells. Table 2-2 presents a summary of the well facilities, their status, and key 
characteristics. Figure 2-2 shows the locations of the Chico-Hamilton City District wells. 

The current pumping capacity of the District’s active wells is approximately 51,250 gallons per 
minute (gpm), or 73.8 million gallons per day (mgd). 
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Wellhead treatment is provided at the District’s active wells and consists of wellhead disinfection 
(chlorination). Some of the wells also have a Granular Activated Carbon (GAC) treatment 
system. 

Existing Storage Facilities 

The Chico-Hamilton City District currently operates seven storage tank facilities (all welded 
steel). Table 2-3 presents a summary of the storage facilities, ages, and capacities. As shown, the 
Chico-Hamilton City District currently has a total storage capacity of 2.37 million gallons (MG). 
The locations of the District’s storage facilities are shown on Figure 2-2. 

Table 2-3. Chico-Hamilton City District Storage Tank Facilities 

Storage Facility 
Name/Number 

Station 
Number Storage Type Material 

Year 
Constructed 

Storage 
Capacity, MG 

Chico 
Reservoir 1 001-T1 Elevated tank Steel 1905 0.10 
Reservoir 2 001-T2 Elevated tank Steel 1913 0.15 
Reservoir 3 003-T4 Elevated tank Steel 1950 0.30 
Reservoir 4 008-T3 Elevated tank Steel 1945 0.30 

Reservoir 5 066-T1 Ground level 
reservoir 

Welded 
Steel 1974 0.50 

Reservoir 6 066-T2 Ground level 
reservoir 

Welded 
Steel 2003 0.50 

Reservoir 7 074-T1 Ground level 
reservoir 

Welded 
Steel 2003 0.50 

Chico Storage Capacity, MG 2.35 
Hamilton City 

Reservoir 1 T1-01 Elevated tank Steel - 0.02 

Hamilton City Storage Capacity, MG 0.02 

Chico-Hamilton City District Total Storage Capacity, MG 2.37 
 

Existing Booster Pump Facilities 

The Chico-Hamilton City District currently operates six active booster pump stations. Each of the 
booster pumps is used to feed the water tanks or meet peak hour demands during the morning and 
afternoon hours. Table 2-4 presents a summary of the booster pump stations (including age, rated 
capacity, and number of pumps at each station). 
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Table 2-4. Chico-Hamilton City District Active Booster Pump Facilities 

Booster Pump 
Station Number 

Corresponding 
Tank/Pressure 

Zone 
Year 

Constructed(a) 
Rated 

Capacity, gpm 
Number of 

Pumps 

Chico 

Station 16(b) Pressure 
Zone 350 2000 900 1 

Station 50(c) 
Station 50 

Hydropneumatic 
Tank 1 

1979 250 1 

Station 66 A & B Pressure Zone 
635 1990 500 2 

Station 66 C & D Pressure  
Zone 795 2001 400 2 

Station 73 A & B Pressure 
Zone 475 2001 500 2 

Hamilton City 
None - - - - 
Pump installation date. 
(b) Station 16 is not currently operated. 
(c) Station 50 is currently inactive. 

Existing Distribution System and Pipelines 

The Chico-Hamilton City District distribution system is divided into five separate services or 
pressure zones. Figure 2-2 presents the different pressure zones within the Chico-Hamilton City 
District. There are approximately 352 miles of pipeline in the Chico-Hamilton City District’s 
service area. Pipelines in Cal Water’s water distribution system range from 1 to 14 inches in 
diameter. Pipeline materials consist of asbestos cement (AC), cast iron (CI), cast iron cement 
lined (CICL), cement mortar coated steel pipe (CL&C), Copper (COP), Coated Steel (D&W), 
ductile iron (DI), galvanized (GALV), polyvinyl chloride (PVC), Transite (TRANS), wrought 
iron (WI), PVC Yellow Mine (YEL) standard steel (SS or STD STL), steel (STL), cement mortar 
lined steel (STL CL), cement lined and coated steel pipe (STL CL&C), and steel pipe classified 
by inside diameter (ID) or outer diameter (OD). Tables 2-5 and 2-6 provide a summary of 
pipeline material types within the district service area for Chico and Hamilton City respectively, 
as found in the hydraulic water model. 
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Table 2-5. Chico Pipeline Material Types(a) 

Material Designation Length of Pipelines, feet (ft) Percent in Water System 

Asbestos Cement 908,930 49.92 
Cast Iron 150,945 8.29 
Cast Iron Cement Lined 46,699 2.56 
Cement Mortar 
Coated Steel Pipe 7,630 0.42 

Copper 198 0.01 
Coated Steel 14,948 0.82 
Ductile Iron 268,933 14.77 
Galvanized 339 0.02 
Polyvinyl Chloride 306,233 16.82 
Transite 15,690 0.86 
Wrought Iron 9,051 0.50 
Yellow Mind (PVC) 516 0.03 
Standard Steel 21,924 1.20 
Steel 52,334 2.87 

Cement Mortar Lined Steel 16,017 0.88 

Cement Lined and Coated 
Steel 44 0.00 

Steel Inside/Outside Diameter 319 0.02 
Unknown 72 0.00 

Total 1,820,822 100.00 
(a) Material types and lengths obtained from hydraulic model. 
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Table 2-6. Hamilton City Pipeline Material Types(a) 

Material Designation Length of Pipelines, ft Percent in Water System 

Asbestos Cement 20,451 56.59 
Cement Mortar Coated Steel Pipe 176 0.49 
Ductile Iron 1,602 4.43 
Polyvinyl Chloride 5,786 16.01 
Standard Steel 8,054 22.28 
Steel 31 0.09 
Unknown 41 0.11 

Total 36,141 100.00 
(a) Material types and lengths obtained from hydraulic model. 

Figure 2-9 provides a layout of the Chico-Hamilton City District distribution system. 

Existing SCADA System 

Cal Water utilizes a Supervisory Control and Data Acquisition (SCADA) system to provide for 
remote operation and monitoring of its facilities. Approximately half of the District’s active wells 
currently have SCADA installed. Further discussion of the Chico-Hamilton City Districts’ 
SCADA system is provided in Chapter 7 Inventory and Assessment of Facilities Conditions and 
Capacity. 
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Chapter 3:  Water Demands

Chapter Highlights:
The purpose of this chapter is to present the current and projected water demands served by Cal Water in its 
Chico-Hamilton City District. Accurate and detailed water demand estimates are required to develop and 
calibrate the water system hydraulic model, help identify deficiencies in the existing water system, and assist in 
the assessment of future system capacity and future CIP based on planned development. Future water demand 
projections also play a key role in helping Cal Water identify and secure sufficient water supplies to serve their 
Chico-Hamilton City District customers under various hydrologic conditions. 
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CHAPTER 3. WATER DEMANDS 

The purpose of this chapter is to present the current and projected potable water demands served 
by Cal Water in its Chico-Hamilton City District. Accurate and detailed potable water demand 
estimates are required to develop and calibrate the potable water system hydraulic model, help 
identify deficiencies in the existing potable water system, and assist in the assessment of future 
system capacity and future CIP’s based on planned development. Future water demand 
projections also play a key role in helping Cal Water identify and secure sufficient water supplies 
to serve customers in the Chico-Hamilton District under various hydrologic conditions. 

The following sections of this chapter describe the data and methodology utilized to determine 
the District’s potable water system demands: 

• Description of the Chico-Hamilton District 

• Historical Water Production and Consumption 

• Adopted Peaking Factors 

• Projected Potable Water Demands 

• Projected Number of Services 

• Projected Population Served 

DESCRIPTION OF THE CHICO-HAMILTON DISTRICT 

Cal Water currently provides potable water service to the City of Chico and Hamilton-City, 
located approximately 80 miles north of the City of Sacramento. The City of Chico is located in 
Butte County, along Highway 99, while Hamilton City is located in Glenn County, 
approximately 10 miles east of the City of Chico, along Highway 32.  

Figure 3-1 presents the location of the Chico-Hamilton District. As shown in Figure 3-1, Cal 
Water serves both the City of Chico and county islands within the City limits.  

Subsequent sections describe the historical number of services by revenue class, estimated 
population served, and the existing and projected land uses within the Chico-Hamilton District.  

Historical Number of Services by Revenue Class 

Cal Water tracks the number of services within the Chico-Hamilton District using six different 
revenue classes: Residential–Metered, Residential–Flat, Multiple Residences, Commercial, 
Industrial, Government, and Other. The Residential–Metered and Residential–Flat classes 
usually designate a service normally served by an individual meter, while the Multiple 
Residences class usually designates a service served by more than one meter.  

The commercial and industrial classes designate typical commercial and industrial uses, such as 
a retail store for commercial or a manufacturing company for industrial. The Government class 
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includes all uses operated by a governing body (e.g., City Hall). The Other class includes all 
construction or “other” metered water uses that do not fit within the other five categories. 

Table 3-1 summarizes the historical number of services within the Chico-Hamilton District (i.e., 
both the City of Chico and Hamilton-City), by revenue class, over the past 27 years. As shown in 
Table 3-1, all user classes, except Residential–Flat and Industrial, have experienced increases 
greater than 35 percent over the past 27 years.  

The Residential–Flat revenue class increased between 1980 and 1992, and then slowly decreased 
between 1992 and 2006. Residential–Flat accounts did not increase beyond 1992 because 
California State law passed in 1992 required Cal Water to meter all new residential homes; the 
number of Residential Flat accounts likely decreased as homes were converted to Residential–
Metered accounts. The number of Industrial services has remained relatively stable. 

Historical Population Served 

As discussed previously, Cal Water’s Chico-Hamilton District serves both county islands located 
within the City of Chico and Hamilton City; therefore, the normal sources for historical 
population data (e.g., the California Department of Finance (CDOF)) do not apply to the Chico-
Hamilton District. Consequently, the population served by the Chico-Hamilton District was 
estimated using housing densities (i.e., people per dwelling unit) and the number of dwelling 
units, and then calibrated using 2000 Census block data provided by Cal Water staff. 

Historical Housing Density  

The City of Chico Planning Department (Planning) estimates historical housing densities for the 
City of Chico. The Chico-Hamilton District serves the City of Chico and therefore, the Planning 
estimates provide a good approximation of the housing density within the Chico-Hamilton 
District. 

Historical housing densities from 1970 to 2005 were downloaded from the Planning 
Department’s website1 and plotted on Figure 3-2. As shown on Figure 3-2, the housing density 
estimates show that the City’s housing density has been relatively stable, at around 2.5 people 
per dwelling unit, since around 1975.  

Population Served 

The housing density based population for Cal Water’s Chico-Hamilton District was calculated by 
multiplying the historical housing density previously presented in Figure 3-2 by the historical 
number of dwelling units (provided by Cal Water Staff). Additionally, Cal Water staff was able 
to estimate the population served for calendar year 2000 using GIS Census Block Data for the 
2000 Census and the location of its water service area. Appendix A presents the Census Block 
data used by Cal Water. 
                                                 
1 Densities for the City of Chico were downloaded from a report entitled, “General City of Chico Budget 
Information” (http://www.ci.chico.ca.us/common/_mod_resource.asp?p=179&f=122) on May 5, 2006. 
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A comparison of the estimated population for 2000 presented in Table 3-2 (68,621) and the 2000 
population estimated using census block data (85,071) indicates that the 2000 Census based 
estimate is approximately 21 percent higher. The estimated population served using 2000 Census 
data is generally considered more accurate than population estimated using a housing density; 
census data is based on actual population counts. 

Consequently, all population estimates for years 1980 through 1999 were calibrated to the 2000 
census data by increasing all housing density based population projections by 21 percent. 
Population estimates for 2001 through 2003 were estimated by interpolating between estimates 
in 2000 and 2004. Table 3-2 presents the number of dwelling units, housing density, the 
calculated population served, and the calculated population calibrated to Census data. Figure 3-3 
illustrates the calibrated population estimates. 

As shown in Table 3-2 and Figure 3-3, the population served by the Chico-Hamilton District 
increased at relatively similar rates between 1980 and 1988 (approximately 22 percent over 8 
years) and between 1995 and 2006 (approximately 26 percent over 10 years). The period 
between 1989 and 1994 shows a dramatic increase, leveling, and then a slight decrease.  

Existing and Projected Land Use by Revenue Class 

WYA obtained existing and future land use data from the City of Chico’s GIS department, which 
used land use designations adopted in their 1999 General Plan. Land use data for Hamilton-City 
was based on information from Glenn County’s GIS department and a site visit on March 30, 
2006. For consistency with Cal Water’s other documents (e.g., the Urban Water Management 
Plan) and in preparation for projecting future services by revenue class, all land use designations 
were assigned to one of Cal Water’s existing Revenue Classes. 

The assignment was completed by first assigning each land use category to a Revenue Class, as 
presented in Appendix B, then verified and adjusted using geocoded meter data allocated as part 
of the hydraulic model development. Additionally, a new class (Non-Designated Development) 
was created to track changes associated with known future development without specifically 
defined land uses (i.e., areas that City officials knew would develop in the future, but had no land 
use map).  

Moreover, Planning (i.e, City staff) indicated that some areas within the City of Chico have two 
land use designations: a primary and secondary. The primary designation is the main land use 
designation for the area (i.e., residential); however, due to political or other pressures, these areas 
were also assigned a secondary designation (i.e., preserve). 

Planning also indicated that the adopted General Plan assumed that any areas with two 
designations would develop at 50 percent of each designation. Consequently, for planning 
purposes, it was assumed that water demands allocated to those areas would consist of 50 percent 
of the primary and 50 percent of the secondary designation. 

Figures 3-4 and 3-5 present the existing and projected land use by revenue class, respectively. A 
comparison of Figures 3-4 and 3-5 indicates that there will be extensive growth within the City 
of Chico and a small amount of growth within Hamilton City. Table 3-3 summarizes existing and 
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projected land use by revenue class within the Chico-Hamilton District. As shown in Table 3-3, 
the Chico-Hamilton District is approximately 50 percent developed. 

Estimated Timing of Future Development 

On March 30, 2006, WYA staff met with Planning and the Hamilton City Community Services 
District (HCCSD) to discuss the timing of future development in the City of Chico and Hamilton 
City. Figure 3-6 illustrates the estimated start year for future development within the Chico-
Hamilton District based on information provided by Planning and HCCSD.  

As shown in Figure 3-6, developments were categorized as starting in 2006, 2010, or 2015. 
Figure 3-6 also indicates that most of the development in 2006 is scattered throughout the Cal 
Water’s service area, most of the development starting in 2010 is located on the northern, 
eastern, and southern borders of Cal Water’s service area, and that most of the development 
starting in 2015 is located in the southeastern portion of Cal Water’s service area. 

Additionally, for planning purposes in this water supply and facilities master plan, it was 
assumed that developments would take 14 to 15 years to complete once started. For example, 
any development starting in 2006 would finish in 2020, any development starting in 2010 would 
finish in 2025, and any development starting in 2015 would finish by 2030 (buildout of the City 
of Chico’s General Plan).  

The start year illustrated on Figure 3-6 and assumed timing is based on the most recent and 
readily available information provided by the City of Chico, and represent projections that were 
used for planning future water system infrastructure. Actual timing of developments may change 
as political, environmental, or other conditions change.  

HISTORICAL WATER PRODUCTION AND CONSUMPTION 

Water production is the combined quantity of water produced by Cal Water’s groundwater wells, 
while water consumption is the quantity of water actually consumed or used by its customers. As 
will be discussed later, the difference between production and consumption is unaccounted-for 
water (UAFW). 

Cal Water currently tracks all of the water produced by its wells, and with the exception of the 
Residential–Flat revenue class, meters all of its customers within the Chico-Hamilton District. 
Consequently, Cal Water tracks water use in two ways: production records and meter 
(consumption) records. Both are discussed in more detail below, along with a discussion on 
UAFW. 

Historical Water Production 

Cal Water meets its customers water demands within the Chico-Hamilton District with 
groundwater pumped from its own groundwater wells; the Chico-Hamilton District does not 
have an existing surface water supply used to meet potable water demands. Table 3-4 presents 
the historical water production from 1980 to 2006.  
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As shown in Table 3-4, the City of Chico has historically comprised approximately 98 percent of 
all demands in the Chico-Hamilton District, while Hamilton City has only comprised 
approximately 2 percent. Table 3-4 also indicates that groundwater pumping has increased by 
approximately 80 percent (from 16,600 af in 1980 to 29,900 af in 2006) over the past 27 years. 
This trend indicates that as demands have increased within the Chico-Hamilton District, Cal 
Water has increased groundwater pumping to meet the potable water demands of its customers.  

Figure 3-7 compares total historical water production and historical average annual rainfall. As 
shown in Figure 3-7, Chico-Hamilton District water demands increased at a relatively stable 
growth rate over the past 27 years, with only a few low demand periods in 1982 to 1983, 1998, 
and 2005, followed by a sharp decrease in 2005. The low demand periods (including the sharp 
decrease in 2005) appear to be the result of above average rainfall or regional water conservation 
efforts, of which, Cal Water has participated. 

Unaccounted-for Water 

UAFW in the Chico-Hamilton District is the difference between the recorded production from 
Cal Water’s groundwater wells and metered consumption; however, because not all of the 
Residential revenue class is metered, the UAFW could not be determined. 

UAFW includes many uses, such as hydrant testing, fires, system flushing, system leaks, and 
water main breaks. Construction water use is normally captured in the Other revenue class. For 
planning purposes in this water supply and facilities master plan, UAFW for the Chico-Hamilton 
District was assumed equal to 8 percent; an UAFW of 8 percent is consistent with Cal Water’s 
2004 Urban Water Management Plan (UWMP). 

Historical Water Consumption 

Historical water consumed between 1980 and 2006, within each of Cal Water’s revenue classes, 
is summarized in Table 3-5. Water consumption for Residential–Flat customers was calculated 
based on 8 percent UAFW and the knowledge that all other revenue classes are metered. 

As shown in Table 3-5, water consumption within every revenue class, except Residential–Flat 
has increased over the past 27 years. Table 3-5 also indicates that water consumption within the 
Residential–Flat revenue class has remained relatively stable.  

Historical Per Capita Water Demand 

Historical per capita water demands were calculated by dividing the total water production 
previously presented in Table 3-4 by the estimated historical population previously presented in 
Figure 3-3. Table 3-6 summarizes historical per capita water demands for the Chico-Hamilton 
District between 1980 and 2006. As shown in Table 3-6, the historical average per capita water 
demand has averaged approximately 287 gallons per capita per day (gpcd) over the past 5 years.  

Figure 3-8 compares the historical per capita demand, historical production, and historical 
population. As shown in Figure 3-8, the historical population has increased at a relatively 
constant rate from 1995 to 2006, while the per capita demand has hovered at around 285 gpcd; 
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Year
Production, 

MG
Estimated Population 

Served
Estimated Per Capita 

Demand, gpcd
1980 5,420 49,116 302
1981 5,866 50,512 318
1982 5,364 51,445 286
1983 5,500 51,947 290
1984 6,318 54,027 320
1985 6,643 55,068 330
1986 6,656 55,974 326
1987 7,362 58,275 346
1988 7,495 60,243 341
1989 7,042 63,891 302
1990 7,858 68,167 316
1991 7,509 74,619 276
1992 7,816 74,695 287
1993 7,545 76,289 271
1994 8,287 78,652 289
1995 7,845 76,981 279
1996 8,256 77,745 291
1997 8,466 78,987 294
1998 7,472 80,640 254
1999 8,560 80,768 290
2000 8,896 85,071 287
2001 9,348 86,792 295
2002 9,665 89,680 295
2003 9,342 90,828 282
2004 10,274 92,672 304
2005 9,610 94,404 279
2006 9,742 96,383 277

297
286
287

gpcd - gallons per capita per day

Table 3-6. Historical Per Capita Demand

Historical Average

5-Year Average
10-Year Average

West Yost Associates
o\c\436\020603\e\1\wtrdmd\chwtpr306
Last Revised:  07/07

California Water Service Company
Chico-Hamilton City District

Water Supply and Facilities Master Plan
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Figure 3-8 also indicates a decrease in the pre-1992 average per capita demand of 313 gpcd to an 
average of only 285 gpcd between 1992 and 2006. This decrease is partly a result of installing 
water meters on all new homes constructed after 1992, and some existing Residential-Flat 
accounts voluntarily converting to a Residential-Metered account. 

Water Conservation 

Cal Water is committed to preserving California’s water resources through water conservation, 
and is currently a signatory of the California Urban Water Conservation Council’s (CUWCC) 
Memorandum of Understanding (MOU). As a signatory of the CUWCC MOU, Cal Water has 
agreed to implement the Best Management Practices (BMPs) defined in Exhibit 1 of the MOU 
that are cost beneficial, and submits a report to the CUWCC every two years describing BMP 
implementation. A list of each BMP is provided in Appendix C. 

ADOPTED PEAKING FACTORS 

Peaking factors are used to calculate water demands expected under high demand conditions 
(i.e., Maximum Day and Peak Hour Demand). The resulting demand conditions for maximum 
day and peak hour periods are then used to evaluate and size transmission/distribution pipelines 
and storage facilities, and to define water supply needs and capacity requirements. This section 
describes the methodology used to develop the peaking factors for the maximum day and peak 
hour demand conditions within the Chico-Hamilton District. 

Table 3-7 summarizes the historical maximum day and corresponding peaking factors, between 
1980 and 2005. As shown in Table 3-7, the maximum day peaking factor for the Chico-Hamilton 
District has ranged from a low of 1.7 in 1991 and 2001, to a high of 2.3 in 1981. For planning 
purposes in this water supply and facilities master plan, a maximum day peaking factor of 2.0 
was adopted. A peaking factor of 2.0 represents the average over the historical period from 1980 
to 2005. 

Insufficient data was available to determine a historical peak hour demand factor; however, as 
part of the recent hydraulic model development work completed for the Chico-Hamilton District, 
WYA used SCADA data, both in electronic and circular chart format, to develop diurnal curves 
for a peak day in July 2006. The diurnal curves from this work were used to estimate the peak 
hour demand in 2006 (see Appendix D). 

The July 2006 peak hour demand in the system was 55,125 gpm; consequently, dividing the 
estimated peak hour demand (55,125 gpm or 79.4 mgd) by the average day demand (26.7 mgd), 
indicates that the peak hour peaking factor for the Chico-Hamilton District was approximately 3 
in 2006. This peaking factor is consistent with peak hour factors observed for other work WYA 
has performed; hence, a peak hour peaking factor of 3.0 times the average day demand was 
adopted for this Water Supply and Facilities Master Plan. 

Table 3-8 summarizes the maximum day and peak-hour peaking factors adopted for this Water 
Supply and Facilities Master Plan. 
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Year Average Day, mgd(a)
Maximum Day, 

mgd(a,b)

Average Day to 
Maximum Day 
Peaking Factor

1980 15 31.8 2.1
1981 16 36.7 2.3
1982 15 30.8 2.1
1983 15 33.8 2.2
1984 17 37.5 2.2
1985 18 38.8 2.1
1986 18 38.2 2.1
1987 20 36.2 1.8
1988 21 39.7 1.9
1989 19 36.7 1.9
1990 22 39.2 1.8
1991 21 35.6 1.7
1992 21 37.8 1.8
1993 21 40.4 2.0
1994 23 42.7 1.9
1995 21 47.1 2.2
1996 23 42.8 1.9
1997 23 41.6 1.8
1998 20 42.3 2.1
1999 23 46.4 2.0
2000 24 47.3 1.9
2001 26 44.3 1.7
2002 26 49.6 1.9
2003 26 50.4 2.0
2004 28 50.4 1.8
2005 26 54.2 2.1
2006 27 50.9 1.9

2.0
1.9

(a) Includes both the City of Chico and Hamilton City
(b) Maximum Day provided by Cal Water (Ch consolidated wtrpr 3 2006.xls)

Table 3-7. Historical Maximum Day Peaking Factors

Average
5-Year Average

West Yost Associates
o\c\436\020603\e\1\wtrdmd\chwtpr306
Last Revised:  07/07

California Water Service Company
Chico-Hamilton City District

Water Supply and Facilities Master Plan
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Table 3-8. Adopted Peaking Factors 

Type of Factor Adopted Factor 

Average Day to Maximum Day Demand 2.0 
Average Day to Peak Hour Demand 3.0 
 

PROJECTED WATER DEMANDS 

Water demands were projected through buildout of the Chico-Hamilton District using a unit 
demand method based on land uses assigned to revenue classes. A land use based methodology 
was used because per capita water demand projections uniformly distribute water use over the 
entire water service area and therefore, do not account for specific land uses and locations. 

Additionally, as discussed previously, it was assumed that water demands allocated to those 
areas with two designations (Primary and Secondary) would consist of 50 percent of the primary 
and 50 percent of the secondary designation, which is consistent with planning assumptions used 
in the City’s adopted General Plan. Consequently, unit demand factors were developed for those 
areas with only a Primary designation, and for those areas with a Primary and Secondary 
designation. 

Subsequent sections describe the land use based methodology used, followed by a discussion of 
total projected water demands. 

Calculated Unit Demand Factors for those Areas with Only a Primary Designation 

Unit demand factors by revenue class were developed for those areas with only a Primary 
designation by dividing existing water consumption by revenue class (see Table 3-5) by existing 
Primary land use designation (as assigned to each revenue class (see Figure 3-4)). Table 3-9 
presents the unit demand factors calculated using 2005 water consumption.  

As shown in Table 3-9, the calculated unit demand factor for Residential (3.0 acre-feet per acre 
per year (af/ac/yr)) appears to be on the higher end of the typical range (1.5 to 3.0 af/ac/yr) 
observed by WYA for other clients, which is likely due to a portion of this revenue class not 
being metered. Multiple Residences appears to be consistent with typical ranges; WYA has 
observed multiple residential factors that range from 2.5 to 3.5 af/ac/yr for other clients.  

The unit demand factor for Commercial (3.7 af/ac/yr) is slightly outside the typical range 
observed (2.0 to 3.0 af/ac/yr), but is not significantly differently to cause concern, while the unit 
factor for industrial (2.3 af/ac/yr) appears to be consistent with typical ranges (1.5 to 3.0 af/ac/yr) 
observed for other WYA clients.  
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However, the unit factor calculated for Government (1.4 af/ac/yr) does appear low (below a 
typical value of 1.5 to 2.5 af/ac/yr). The Government unit factor is likely low because Cal Water 
does not serve parks and schools within the City of Chico, which would typically be included 
within this revenue class.  

Comparison Unit Demand Factors for those Areas with Only a Primary Designation 

As previously illustrated on Figure 3-7, 2005 water use is slightly lower than water use in 2004; 
consequently, the calculated unit demand factors were compared to the historical minimum, 
maximum, and average unit factors used in the 2004 UWMP.  

The 2004 UWMP factors were in units of gallons per year per service (or acre-feet per service 
per year (af/service/yr)), so they were converted to units of af/ac/yr using an estimate of service 
density (i.e., number of services per acre) that was calculated using the existing number of 
services and existing developed acreage. Appendix E presents the conversion of the 2004 
UWMP factors. 

Table 3-10 compares the calculated unit demand factors to the historical range of factors used in 
the 2004 UWMP and indicates the recommended factor for projecting water demands for those 
areas with only a Primary designation. As shown in Table 3-10, the calculated factors for 
Residential, Multiple Residences, and Commercial are within the historical range used in the 
2004 UWMP; however, the calculated factor for Industrial is slightly higher and the calculated 
factor for Government is slightly lower than the range used in the 2004 UWMP. 

The calculated factor of 3.0 and 3.1 af/ac/yr was adopted for Residential and Multiple 
Residences, respectively, because they fell within the historical range. The calculated factor of 
3.8 af/ac/yr was adopted for Commercial because it is slightly larger than the historical average, 
while the calculated factor of 2.2 af/ac/yr was adopted for industrial because it is equal to the 
maximum, and nearly identical to the calculated factor. Industrial water use will be higher than 
the average due to the Sierra Nevada bottling plant, providing Cal Water with additional 
conservatism for planning purposes.  

The calculated factor for Government falls below the minimum historical factor used in the 2004 
UWMP; consequently, the average historical unit factor used in the 2004 UWMP (1.7 af/ac/yr) 
was adopted for Government. 

Recommended Unit Demand Factors for Areas with a Primary and Secondary Designation 

As discussed previously, some areas within the City of Chico have two designations (a primary 
and a secondary) due to political or other pressures. Unit factors were calculated for these areas 
by using averages of the factors developed for those areas with only a Primary designation. The 
average used assumes that these areas are developed at 50 percent of the Primary and 50 percent 
of the Secondary designation (i.e., (factor of Primary + factor of secondary)/2).  

The Residential–Preserve factor was calculated by averaging the unit factor for Residential (3.0 
af/ac/yr) and the unit factor for open space (0.0 af/ac/yr), or 1.5 af/ac/yr. The Residential–
Multiple Residences factor was calculated by averaging the unit factor for Residential 

Public Version
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(3.0 af/ac/yr) and the unit factor for Multiple Residences (3.1 af/ac/yr), or 3.05 af/ac/yr. The 
Multiple Residences–Preserve factor was calculated by averaging the unit factor for Multiple 
Residences (3.1 af/ac/yr) and the unit factor for open space (0.0 af/ac/yr), or 1.55 af/ac/yr. 

The Commercial–Preserve factor was calculated by averaging the unit factor for Commercial 
(3.8 af/ac/yr) and the unit factor for open space (0.0 af/ac/yr), or 1.90 af/ac/yr. The Commercial–
Multiple Residences factor was calculated by averaging the unit factor for Commercial (3.8 
af/ac/yr) and the unit factor for Multiple Residences (3.1 af/ac/yr), or 3.45 af/ac/yr. The 
Industrial–Preserve factor was calculated by averaging the unit factor for Industrial (2.2 af/ac/yr) 
and the unit factor for open space (0.0 af/ac/yr), or 1.12 af/ac/yr. 

The Non-Designated development factor was calculated by averaging the unit factors Residential 
(3.0 af/ac/yr), Multiple Residences (3.1 af/ac/yr), and Commercial (3.8 af/ac/yr), or 3.3 af/ac/yr; 
any new development will likely consist of the Residential, Multiple Residences, and 
Commercial revenue classes. Table 3-11 summarizes the unit factors used in areas with a 
secondary designation. 

Table 3-11. Unit Factors Calculated for Areas with a Secondary Designation 

Designation Recommended Unit Factor, af/ac/yr 

Residential–Preserve 1.50 
Residential–Multiple Residences 3.05 
Multiple Residences–Preserve 1.55 
Commercial–Preserve 1.90 
Commercial–Multiple Residences 3.45 
Industrial Preserve 1.12 
Non-Designated Development 3.30 
 

Estimated Savings from Conversion of Residential–Flat Customers 

California Water Code requires that all services be metered by the year 2025. Cal Water is 
currently developing a program to transition existing Residential–Flat services to a metered 
account; all new Residential services are metered. However, this program is still being developed 
and actual timelines have not been defined.  

For planning purposes in this water supply and facilities master plan, it was assumed that starting 
in 2006, approximately 559 Residential–Flat accounts per year would be converted to a metered 
account. This assumption reduces the total number of existing Residential–Flat accounts from 
11,182 in 2005 to zero by 2025. 
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Water savings associated with each converted account was estimated by comparing unit water 
use, in af/service/yr, between Residential–Flat and Residential–Metered accounts from 1980 to 
2005. Figure 3-9 compares unit use water associated with Residential–Flat customers to unit 
water use associated with Residential–Metered customers from 1980 to 2005.  

As shown in Figure 3-9, the Residential–Flat services have historically used more water than 
Residential–Metered services, and that savings can range from 0.23 af/year per service 
(difference between the minimum unit water use) to 0.36 af/year per service (difference between 
the average unit water use). For planning purposes in this water supply and facilities master plan, 
it was assumed that the water savings associated with each Residential–Flat account converted to 
a metered account would be equal to the difference between the minimum unit water use over the 
past 25-years. Unlike the difference between the average unit water use, using the minimum 
provides Cal Water with sufficient conservatism for water supply planning purposes (i.e., does 
not overly reduce demands or over predict potential savings).  

Assuming that 559 Residential–Flat accounts are converted per year, then Cal Water can expect 
an annual water savings, due to metering, of approximately 129 acre-feet per year (0.23 
af/service/yr times 559 accounts), or a total savings of approximately 2,570 acre-feet by 2025. 
The projected water savings due to metering (2,570 af) is approximately 15 percent of the 
estimated existing Residential water demand (17,365 af).  

Table 3-12 summarizes the estimated cumulative water savings per year due to conversion of 
Residential–Flat services. 

Projected Water Demands 

Water demands for the Chico-Hamilton District were projected using the recommended unit 
demand factors presented in Tables 3-10 and 3-11, for those areas with only a Primary 
designation and those areas with both a Primary and Secondary designation (see Table 3-3), 
respectively. 

Additionally, Cal Water tracks construction water and similar, temporary water use, under a 
revenue class labeled as Other. The Other revenue class is not captured in the land use maps 
discussed previously because it is not associated with permanent water use. However, Cal Water 
staff indicated a desire to provide additional system capacity for planning purposes; 
consequently, future water demands for customers in the Other revenue class were assumed 
equal to 2005 consumption, or 82 acre-feet.  

Table 3-13 summarizes the projected water demand for the Chico-Hamilton District. As shown 
in Table 3-13, future water demands increase by approximately 84 percent (from 29,493 af to 
54,300 af) over the next 25 years. Table 3-13 also indicates that water demands for those areas 
with both a Primary and Secondary designation were aggregated according to its Primary 
designation (i.e., Revenue Class), which facilitated projection of future services and allocation of 
water demands into the hydraulic model.  
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  Water Supply and Facilities Master Plan 

Timing of Projected Water Demands 

Projected water demands for the Chico-Hamilton District were then calculated on a yearly basis 
using the timing previously illustrated on Figure 3-6. Table 3-14 summarizes the total projected 
water demand by revenue class, including unaccounted for water, through the year 2030.  

Figure 3-10 compares the projected water demands to the “Scenario 2” water demands projected 
in the 2004 UWMP. As shown in Figure 3-10, both demand projections vary from each other by 
less than 5 percent until 2015, and that the revised demand projections differ by as much as 14 
percent between 2015 and 2030. The variation observed in water demand estimates is due to the 
timing assumptions previously presented in Figure 3-6.  

PROJECTED NUMBER OF SERVICES 

This water supply and facilities master plan also provides an alternative methodology for 
projecting the number of future services by user class to help facilitate Cal Water staff in 
producing an UWMP for the Chico-Hamilton District. The methodology used involves 
developing a unit factor in af/service/yr that can then be used with the projected demand, by 
revenue class, to predict the number of service that can be served in a particular year. 

Subsequent sections describe the development of each unit factor and the projected number of 
services.  

Service Based Unit Factors for Projecting Number of Services 

Unit factors for each revenue class were calculated by dividing the historical water consumption 
(see Table 3-5) by the historical number of services (see Table 3-1). Historical factors in 
af/service/yr are summarized in Table 3-15, and illustrated on Figures 3-11, 3-12, and 3-13, 
respectively. Each factor is discussed in more detail below. 

Service Based Residential Unit Factor 

Table 3-15 indicates that the average factor over the past 25 years, 10 years, and 5 years is 
approximately 0.61 af/service/yr, 0.64 af/service/yr, and 0.65 af/service/yr, respectively, 
implying an increasing trend in water use per residential service. However, a review of 
Figure 3-11 indicates that the increasing trend is likely the result of the large increase in water 
use per residential service between 1999 and 2002; there is a decreasing trend between 2002 and 
2006.  

Adopting the 10-year average (0.64 af/service/yr) captures the fluctuation observed between 
1999 and 2006, and provides additional conservatism (i.e., projects fewer services) than if the 
historical average (1980 to 2006) were adopted. Consequently, a 0.64 af/service/yr unit factor for 
Residential was adopted for projecting future services.  
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Service Based Multiple Residences Unit Factor 

Table 3-15 indicates that the historical average and average over the past 10 years is nearly 
identical, while the average over the past 5 years is larger, which implies that water use over the 
past five years has been larger than historical averages (1980 to 2006). However, a review of 
Figure 3-11 indicates that unit factors around the 5-year average (6.31 af/service/yr), from 2002 
to 2006, have occurred several times in the past. Consequently, a 6.31 af/service/yr unit factor 
for Multiple Residences was adopted for projecting future services; this adopted factor provides 
additional conservatism (i.e., projects fewer services) than if the historical average (1980 to 
2006) were adopted  

Service Based Commercial Unit Factor 

Table 3-15 indicates that the 10-year (1997 to 2006) and 5-year average (2002 to 2006) factors 
are nearly identical at 1.85 af/service/yr and 1.81 af/service/yr, respectively. A review of 
Figure 3-12 indicates that the unit factor for Commercial has been relatively stable since 1994; 
consequently, a 1.85 af/service/yr unit factor, which is equal to the 10-year average (1992 to 
2006), was adopted for projecting future services. 

Service Based Industrial Unit Factor 

A comparison of the historical, 10-year (1997 to 2006), and 5-year average (2002 to 2006) on 
Table 3-15 clearly indicates that water use within the Industrial revenue class has increased 
significantly, while a review of Figure 3-12 indicates that this increasing trend started in 1993 
and ended around 2001. Cal Water staff have indicated that this large increase is likely due to 
operation and expansion of the Sierra Nevada bottling plant. Consequently, an 11.34 
af/service/yr unit factor was adopted for projecting future services because this factor more 
closely matches recent water use within this revenue class, and provides for potentially larger 
industrial water users.  

Service Based Government Unit Factor 

Table 3-15 indicates that there is a decreasing trend in the historical (1980 to 2006), 10-year 
average (1997 to 2006), and 5-year average (2002 to 2006) unit factor, which implies that overall 
water use per service is decreasing. A review of Figure 3-13 indicates that while there is an 
overall decrease in unit water use, the unit factor was relatively stable between 1993 and 2002. 
Adopting the 2005 unit factor would not provide ample conservatism for planning purposes; the 
unit factor in 2005 is a historical low, and using it would likely predict too many services. 
Consequently, a 3.42 af/service/yr unit factor, which is equal to the 10-year average (1997 to 
2006), was adopted for projecting future services because this factor is not the historical low, yet 
it still captures the stability observed between 1999 and 2002. 

Service Based Non-Designated Development Unit Factor 

The unit factor for Non-Designated Development was determined by dividing the total water use 
for Residential, Multiple Residences, and Commercial by the total number of corresponding 
services. Table 3-15 indicates that the historical (1980 to 2006), 10-year average (1997 to 2006), 
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and the 5-year average (2002 to 2006) are very close, which illustrates the stability of the unit 
factor calculated for Non-Designated Development; a review of Figure 3-13 confirms this 
observation. Consequently, the historical average unit factor (1.10 af/service/yr) was adopted for 
projected future services. 

Future Service Connections 

Future services were projected by adding the incremental number of services due to an increase 
in water demand over the previous year’s number of services. For example, the incremental 
increase in water use for the Multiple Residences revenue class between 2005 and 2006 is 
approximately 61 af (2,656 af in 2006 minus 2,595 af in 2005); hence, the projected number of 
additional services is 10 services (61 af/year divided by 6.27 af/service/yr), for a total of 436 
services in 2006 after rounding. 

The projected number of Residential services was based on projected water demand before 
subtracting water savings (due to metering) so that the projected number of services was not 
artificially lowered. Additionally, for planning purposes, the number of services for the Other 
revenue class was assumed equal to the number of services projected in the 2004 UWMP. 
Tables 3-16 and 3-17 summarize projected services by revenue class between 2006 and 2030.  

PROJECTED POPULATION SERVED 

As discussed previously, Cal Water serves county islands within the City of Chico and Hamilton 
City; normal population projection sources do not apply to the Chico-Hamilton District. 
Consequently, future population served was estimated using a per capita demand factor and the 
total projected water demands.  

Table 3-6 previously indicated that the average per capita water demand over the past 5-years is 
approximately 291 gpcd. This per capita demand is very close to the post-1992 average per 
capita demand previously illustrated on Figure 3-8. Consequently, a per capita demand factor of 
291 gpcd was adopted to project the future population served within the Chico-Hamilton District. 

The population was calculated by adding the incremental population due to an increase in water 
demand to the previous year’s population. Figure 3-14 illustrates the total projected population 
based on a per capita demand of 291 gpcd. As shown on Figure 3-14, the population served by 
the Chico-Hamilton District is projected to increase from 94,404 people in 2005 to 170,500 
people by 2030, or an increase of approximately 80 percent.  
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California Water Service Company
Chico-Hamilton City District Water 
Supply and Facilities Master Plan
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CHAPTER 4. WATER SUPPLY 

Cal Water’s Chico-Hamilton City District currently relies solely on groundwater to meet the 
potable water demands of its existing customers. The purpose of this Chapter is to describe the 
quantity and reliability of groundwater pumped by Cal Water. This chapter also describes other 
potential future water supply concepts (surface water and recycled water) that Cal Water can 
further explore to increase supply reliability as demands increase in the future and if groundwater 
conditions change. 

After identifying other potential water supplies for the Chico-Hamilton City District, this 
Chapter then presents the most plausible water supply scenario available to Cal Water, including 
a comparison of future water supply and demand. The cost of the recommended water supply 
scenario is also provided. 

The following sections describe the methodology used to develop the water supply options 
recommended for the Chico-Hamilton City District. 

• Groundwater Supply 

• Other Potential Water Supply Concepts 

• Recommended Water Supply Option 

GROUNDWATER SUPPLY 

The Chico-Hamilton City District overlies the Sacramento Valley groundwater basin, which has 
been divided into several smaller sub-basins using institutional boundaries established by the 
California Department of Water Resources (DWR). As shown on Figure 4-1, Cal Water’s Chico-
Hamilton City District currently overlies three sub-basins of the Sacramento Valley Groundwater 
Basin (the Vina, West Butte, and Corning sub-basins); however, the Chico-Hamilton City 
District will also eventually overlie the East Butte sub-basin at buildout. Cal Water is one of 
many groundwater pumpers that will continue to use groundwater from these sub-basins. 

Characteristics of these groundwater sub-basins are provided in Table 4-1. 

Figure 4-1 also indicates that Cal Water operates 36 municipal supply wells within the Vina sub-
basin, 21 municipal supply wells in the West Butte sub-basin, and 3 municipal supply wells in 
the Corning sub-basin. Cal Water also has 8 inactive wells due to water quality or low yield 
problems. As discussed in Chapter 3, during 2005 the Chico-Hamilton City District pumped 
approximately 28,900 af of groundwater for potable water consumption in the City of Chico and 
approximately 600 af of groundwater for potable water consumption in Hamilton City.  

The following groundwater basin descriptions were derived from DWR Bulletin 118 (last 
updated February 2004), with additional information obtained from the Butte County 
Groundwater Inventory Analysis completed in February 2005 by the Butte County Department 
of Water Resources and Conservation (BCWRC).  
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Table 4-1. Characteristics of Groundwater Sub-basins Underlying the 
Chico-Hamilton City District(a) 

Groundwater 
Basin Name Sub-basin Name 

Portion of Chico-
Hamilton City 
District Served 

DWR Basin 
Number Surface Area 

Vina City of Chico 5-21.57 125,640 acres 
(195 square miles) 

West Butte City of Chico 5-21.58 181,560 acres 
(284 square miles) 

East Butte City of Chico 5-21.59 265,390 acres 
(415 square miles) 

Sa
cr

am
en

to
 V

al
le

y 

Corning Hamilton City 5-21.51 205,640 acres 
(321 square miles) 

(a) Source: DWR Bulletin 118, Groundwater Basin Descriptions, updated February 27, 2004. 

Groundwater Basin Description 

The four groundwater sub-basins are within the Sacramento Valley Groundwater Basin, bounded 
by Red Bluff to the north, the Sacramento-San Joaquin Delta to the south, the Coast Ranges to 
the west, and the Cascade Range and Sierra Nevada to the east.1 The Sacramento Valley 
Groundwater Basin covers an area of approximately 4,900 square miles.2 

Figure 4-1 illustrates the location of all four sub-basins. The Vina sub-basin is bounded by Deer 
Creek to the north, the Sacramento River to the West, Big Chico Creek to the south, and the 
foothills to the east. The West Butte sub-basin is bounded by Big Chico Creek to the north, Butte 
Creek to the south, the Sacramento River to the west, and the foothills to the east. The East Butte 
sub-basin is bounded by Butte Creek to the north and west, Butte County line to the south, and 
the foothills to the east. The Corning sub-basin is bounded by Thomas Creek to the north, Sony 
Creek to the south, the Coast Ranges to the west, and the Sacramento River to the east.3  

The principal hydrogeologic units within these groundwater sub-basins consist of Pliocene 
sedimentary deposits (e.g., Tuscan, Laguna, and Tehama formations) and Quaternary terrace 
deposits (e.g., Riverbank and Modesto formations).4 The Tuscan, Laguna, Riverbank, and 
Modesto formations provide the majority of groundwater in the area.5 Excerpts from the Butte 
County Groundwater Inventory Analysis describing these formations in greater detail (including 
key cross-sections) are provided in Appendix F. 

Groundwater within the sub-basins occurs under both unconfined and confined conditions. 
Unconfined conditions exist in the surficial Quaternary deposits and Pliocene deposits exposed at 
the surface, while confined conditions usually exist at depths of 200 feet or greater. 6The Tuscan 
formation is unconfined near the valley margin, but is confined at depth, and forms the largest 
aquifer system for Butte County.7 Table 4-2 summarizes the major water-bearing formations 
within each sub-basin.  
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Table 4-2. Water-Bearing Formations within Each Sub-basin(a) 

Typical Thickness, feet 
Formation Vina West Butte East Butte Corning 

Holocene Stream Deposits 1 to 80 1 to 80 1 to 80 1 to 80 
Holocene Basin Deposits Up to 150 10 to 100 Up to 150 X 
Pleistocene Modesto 10 to 200 50 to 150 50 to 150 10 to 200 
Pleistocene Riverbank 10 to 200 1 to 200 50 to 200 1 to 200 
Pleistocene Sutter Buttes Alluvium X X Up to 600 X 
Pliocene Laguna X X 180 to 1,000 X 
Pliocene Tehama X NR X Up to 2,000 
Pliocene Tuscan Up to 1,250 Up to 800 Up to 800 NR 

(a) Source:  DWR Bulletin 118, Groundwater Basin Descriptions, updated February 27, 2004. 
X = Not listed as being within the sub-basin. 
NR = No range of thickness provided in literature reviewed. 

Groundwater Level Trends 

At the time this water supply and facilities master plan was written, the groundwater model being 
developed by BCWRC was not complete, and therefore, could not be used to establish whether 
the portion of each sub-basin underlying Cal Water’s Chico-Hamilton City District was in 
overdraft. Instead, historical water level trend data were used to evaluate the effects of Cal 
Water’s pumping of groundwater supplies, including potential overdraft conditions.  

The evaluation included a review of DWR Bulletin 118 to help define criteria necessary to 
evaluate water level data, analysis of water level data within each sub-basin (Vina, West Butte, 
and Corning) from which Cal Water currently extracts groundwater, and a summary of major 
conclusions for the Chico-Hamilton City District. This evaluation provides an estimate of the 
historical existing storage condition of the groundwater sub-basins, so that Cal Water can make a 
decision regarding whether or not to continue to rely solely on the groundwater basin for supply. 
Once completed, the groundwater model being developed by the BCWRC should be used to 
cross-check the results and recommendations of this evaluation. 

Criteria for Evaluating Historical Water Levels 

DWR Bulletin 118 defines overdraft as follows: 

“Groundwater overdraft is defined as the condition of a groundwater basin or sub-basin in which 
the amount of water withdrawn by pumping exceeds the amount of water that recharges the basin 
over a period of years, during which the water supply conditions approximate average conditions. 
Overdraft can be characterized by groundwater levels that decline over a period of years and 
never fully recover, even in wet years.” 
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This definition implies that overdraft conditions exist if pumping exceeds recharge, and that 
declining water levels over an unspecified but operationally representative period is an attribute 
of overdraft conditions. As shown in Figure 4-2, DWR Bulletin 118 also provides an example of 
overdraft conditions. This example reflects overdraft at a rate of about 2-1/2 feet per year 
(ft/year).  

Historical annual water level trends fluctuate (declining or increasing by small amounts) 
depending on annual hydrologic conditions. These natural fluctuations do not necessarily 
indicate the presence of overdraft conditions; instead, the long-term trend over many years is 
more indicative of whether overdraft conditions exist or not. The geology, historical hydrologic 
conditions (e.g., dry or wet year), and historical management practices vary from sub-basin to 
sub-basin; consequently, the actual level of decline that would be indicative of overdraft 
conditions will also vary from sub-basin to sub-basin. 

The rate of water level decline within the Chico-Hamilton City District that would be indicative 
of overdraft conditions would probably be more than 1 to 2 ft/year. For planning purposes in this 
Water Supply and Facilities Master Plan, this range (more than 1 to 2 ft/year) was used to 
evaluate historical water level trends within the portion of the sub-basin used by Cal Water. 

Figure 4-2. Example of Overdraft Conditions in Bulletin 118 
(Source: DWR Bulletin 118 (2003), Chapter 6, Figure 18, pg 97) 
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Groundwater Level Trends: Vina Sub-basin 

The average groundwater elevation within the Vina sub-basin ranges from 130 feet above mean 
sea level (ft msl) in the southwest to about 200 ft msl in the northeast, and generally flows in a 
southwesterly direction.8 Plate 7 of Appendix F illustrates regional groundwater flow in the 
Spring of 1997. 

Figure 4-3 illustrates the average spring to spring water level trends for all of Cal Water’s 
municipal supply wells operated in the Vina sub-basin, along with annual average rainfall. The 
average water level trend approximates the condition of the portion of the Vina sub-basin in 
which Cal Water operates.  

As shown in Figure 4-3, the average water level decline for Cal Water wells in the Vina sub-
basin is approximately 0.09 ft/year, and increases or decreases appear to be somewhat influenced 
by annual rainfall. This average water level decline is on the extreme lower end of the water 
level range (1 to 2 ft/year), and is not indicative of overdraft conditions (compare Figures 4-2 
and 4-3). 

The groundwater inventory analysis prepared by the BCWRC indicated that spring to spring 
groundwater levels within the northern portion of the Vina sub-basin have changed little since 
the 1950’s and 60’s.9 However, the analysis also indicated that spring to spring water levels in 
the southern portion of the basin (near Cal Water) have dropped 10 to 15 feet since the 1950’s.10 
This water level decline is on the order of 0.27 ft/year, and was based on one DWR well 
(22N/1E-09J002M). The hydrograph for well 22N/1E-09J002M is provided in Appendix G and 
the location of the well is illustrated on Figure 4-4.  

Although well 22N/1E-09J002M indicated 0.27 ft/year declines, a review of hydrographs 
developed from three other DWR wells (22N/1W-05M01, 22N/1E-28J03M, 22N/1E-20K01M) 
near Cal Water’s service area in the Vina sub-basin indicated that water level declines, over a 30 
to 50 year period, were similar to the average decline observed in Cal Water’s wells; on the 
extreme low end of the range. The water level decline observed in 22N/1E-09J02M may be a 
localized issue. The hydrographs for these wells are provided in Appendix G, while their location 
is illustrated on Figure 4-4. 

Additionally, individual hydrographs were developed for all of Cal Water’s municipal supply 
wells to determine if localized issues, similar to DWR well 22N/1E-09J002M, existed. All of the 
hydrographs developed for Cal Water’s wells are provided in Appendix H. For planning 
purposes, we assumed that a potential problem existed if water level declines were greater than 
or equal to 0.75 ft/year. We believe this is a conservative rate for planning purposes. 

Figure 4-5 illustrates the location of Cal Water wells within the Chico-Hamilton City District, 
and identifies those wells that have water levels declining at a rate greater than 0.75 ft/year. Only 
Stations 33 and 34 had water level declines greater than 0.75 ft/year within the Vina sub-basin. 
Figures 4-6 and 4-7 illustrate the hydrographs for Stations 33 and 34, respectively. We looked 
further into the details for both of these two wells to see if there was a plausible explanation for 
the observed water level declines. 
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An examination of the hydrograph for Station 33 on Figure 4-6 indicates that the water level 
measurements in 1988 and 1997 are suspect because they do not follow historical trends. Our 
statistical analysis indicates that the water level measurements in 1988 and 1997 are 2 and 3 
standard deviations, respectively, larger than the mean. For planning purposes, these two 
measurements were considered outliers and removed from the analysis. If these two data outliers 
are removed from the data set and the analysis re-run, the average water level decline is reduced 
to only 0.34 ft/year (also illustrated on Figure 4-6). 

The hydrograph for Station 34 on Figure 4-7 shows that the well has a steady decline of 
approximately 0.9 ft/year, and does not appear to have any data outliers. Consequently, a cross-
section was drawn through Stations 14, 16, 34, 38, and 20 to evaluate the construction of the 
well. That cross-section is illustrated as Figure 4-8 (the plan view of the cross-section was 
previously illustrated on Figure 4-5). 

As shown on Figure 4-8, it appears that every station along the cross-section, except Stations 34 
and 38, have screened intervals in the upper water bearing zone. This additional screening may 
provide these wells with access to additional groundwater. A comparison of the hydrographs for 
Station 34 (Figure 4-7) and Station 38 (see Appendix H) indicates that water levels in Station 38 
are not declining. Although both wells were constructed in the mid-1960’s, Station 34 has a 
design capacity of 1,200 gpm, while Station 38 has a design capacity of 800 gpm. The difference 
in design capacity alone is not enough to account for the difference in water level decline. 

Consequently, historical pumping records from 2000 to September 2006 for Stations 34 and 38 
were compared. Figures 4-9 and 4-10 compare the annual average and spring time average 
pumpage from both wells. As shown on these figures, on average, Station 38 has pumped more 
groundwater than Station 34; hence, Cal Water’s operational scheme is not likely a key factor 
contributing to declining water levels observed in Station 34.  

Water levels at Station 34 are declining at a much higher rate than surrounding wells, and it 
appears that this rate of decline is not related to well construction or production. We therefore 
conclude that the decline appears to be an isolated, localized issue that may be influenced by 
private pumping activities near the site. We recommend that Cal Water staff visit Station 34 to 
evaluate the condition of the equipment and determine if private wells in the area may be 
influencing groundwater levels. 

Groundwater Level Trends: West Butte Sub-basin 

The average groundwater elevation within the West Butte sub-basin ranges from 90 ft above msl 
in the southwest to about 140 ft msl in the east, and generally flows in a south to southwesterly 
direction.11 Plate 7 of Appendix F illustrates regional groundwater flow in the Spring of 1997. 

Figure 4-11 illustrates the average spring to spring water level trends for all of Cal Water’s 
municipal supply wells operated in the West Butte sub-basin, along with annual average rainfall. 
The average water level trend approximates the condition of the portion of the West Butte sub-
basin in which Cal Water operates.  

Public Version



   
Chapter 4. Water Supply 

 

May 2008 4-7 California Water Service Company 
o:\c\436\02-06-03\wp\mp\060106ce4 Ch4  Chico-Hamilton City District 

  Water Supply and Facilities Master Plan 

As shown in Figure 4-11, the average water level decline for Cal Water wells in the West Butte 
sub-basin is approximately 0.10 ft/year, with increases or decreases in water levels somewhat 
influenced by rainfall. Similar to the Vina sub-basin, this average water level decline is on the 
extreme lower end of the groundwater level range (1 to 2 ft/year), and does not indicate overdraft 
conditions. 

The groundwater inventory analysis prepared by the BCWRC indicates that spring to spring 
groundwater levels near the Dayton “4-Corners” area (i.e., south of Cal Water’s service area 
Well 21N/1E-27D01M) have changed little since the 1970’s, but show a slight decline in 
groundwater levels since the late 1940’s and early 1950’s.12 The analysis also indicates that 
groundwater levels near the Sacramento River, north of Old Ferry Road (Well 21N/1W-
23J01M), have changed little since the early 1940’s.13 The hydrographs for these wells are 
provided in Appendix G, while their location is illustrated on Figure 4-4.  

A review of hydrographs developed from two other DWR wells (21N/2E-07C01M and 22N/1E-
29R01M) near Cal Water’s service area in the West Butte sub-basin (see Figure 4-4) indicated 
that one well (21N/2E-07C01M) had a rate of decline of approximately 0.35 ft/year, while the 
other well (22N/1E-29R01M) had very stable water levels (see Appendix G). The groundwater 
decline in DWR well 21N/2E-07C01M is likely a localized issue on the fringe of the sub-basin, 
and may only be receiving limited recharge.  

As shown on Figure 4-5, only Station 5 had water level declines greater than 0.75 ft/year within 
the West Butte sub-basin. Figures 4-12 provides the hydrograph for Station 5 indicating a steady 
decline of approximately 0.9 ft/year. A statistical analysis on water level data from calendar 
years 1994 and 2003, two potential outliers, indicates that the water level data for both years is 
two standard deviations lower than the mean. Even without these two points, the water level 
decline is 0.83 ft/year. Consequently, the well construction and historical pumpage for Station 5 
were compared to Stations 11, 23, 35, and 51 (all four wells surround Station 5, as shown in 
Figure 4-5). 

Figure 4-13 compares the construction of Station 5 to Stations 11, 23, 35, and 51. Stations 5 and 
51 are shallower wells than Stations 11, 23, or 35. The additional depth could explain some of 
the reason Station 5 shows decreasing water levels; however, Station 51 is of similar depth and 
has increasing water levels. Additionally, Station 5 appears to be screened in a higher zone than 
Station 51, and both wells were constructed around the same time (1970s). Based on this 
information, it does not appear that well construction or major geologic features are a key factor 
contributing to the declining water levels observed at Station 5. 

Figures 4-14 and 4-15 compare the annual average and spring-time groundwater production, 
respectively, from all five wells between 2000 and 2006. Station 5 has produced significantly 
less water than Stations 35 and 51, yet has a significantly larger rate of water level decline. 
Based on this information, it does not appear that historical pumping or Cal Water’s operational 
scheme is a key factor contributing to the declining water levels observed at Station 5.  

Water levels at Station 5 are declining at a much higher rate than surrounding wells, and it 
appears that this rate of decline is not related to well construction or production. Consequently, 
the decline appears to be an isolated, localized issue that may be influenced by private pumping 
activities near the site. We recommend that Cal Water staff visit Station 5 to evaluate the 
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condition of the equipment and determine if private wells in the area may be influencing 
groundwater levels. 

Groundwater Level Trends: East Butte Sub-basin 

Unlike the Vina and West Butte sub-basins, Cal Water is not currently pumping groundwater 
from the East Butte sub-basin. We reviewed general gradient information, data presented in the 
groundwater inventory analysis completed by the BCWRC, and water level trends from key 
DWR wells within the sub-basin to determine the potential for Cal Water to use groundwater 
from this sub-basin in the future.  

The average groundwater elevation within the East Butte sub-basin ranges from 60 ft msl in the 
southwest to about 160 ft msl in the east, and generally flows in a south to southwesterly 
direction.14 Plate 7 in Appendix F illustrates regional groundwater flow in the Spring of 1997. 

The groundwater inventory analysis prepared by the BCWRC indicates that spring to spring 
groundwater levels between the Richvale and Gridley area (20 to 30 miles southeast of Cal 
Water’s service area) have changed little since the mid-1940’s.15 The analysis also indicates that 
groundwater levels in the eastern portion of the basin, just south of Thermalito Forebay, have 
slightly increased since measurements began. This increase is attributed to surface water use in 
the area.16 

A review of hydrographs developed from three DWR wells (21N/2E-26E02M, 21N/2E-26F01M, 
20N/2E-28N01M) near Cal Water’s service area in the East Butte sub-basin indicates that water 
levels in the portion of the sub-basin near the Chico-Hamilton City District appear to be 
increasing or only slightly declining, and this small rate of decline is not indicative of overdraft 
conditions. Appendix G contains the hydrographs developed for the three DWR wells. The 
location of these wells is illustrated on Figure 4-4. 

Groundwater Level Trends: Corning Sub-basin 

Plate 7 of Appendix F indicates that groundwater flow is generally east, toward the Sacramento 
River. According to DWR Bulletin 118, a review of spring to spring groundwater levels for wells 
within the Corning sub-basin indicate that there does not appear to be any decreasing or 
increasing trends in groundwater levels.17 

Figure 4-16 illustrates the average spring to spring water level trends for all of Cal Water’s 
municipal supply wells operated in the Corning sub-basin, along with annual average rainfall. 
The average water level trend approximates the condition of the portion of the Corning sub-basin 
in which Cal Water operates. The average water level change for Cal Water wells in the Corning 
sub-basin is approximately 0.33 ft/year increase, and annual increases or decreases in water 
levels appear to be influenced by rainfall.  

Figure 4-4 indicates that none of the water levels in the three DWR wells reviewed (22N/2W-
19E03M, 22N/1N-29K01M, 21N/1W-04N01M) were decreasing. On the contrary, groundwater 
levels in all of the DWR wells were either stable or increasing. Appendix G contains the 
hydrographs for the DWR wells, while Appendix H contains the hydrographs for Cal Water’s 
wells.  
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Summary of Groundwater Level Trends: Cal Water’s Chico-Hamilton City District 

Groundwater wells within the Chico-Hamilton City District currently pump water from three 
groundwater sub-basins (Corning, Vina, and West Butte). Current plans are to also eventually 
pump groundwater from the East Butte sub-basin.  

Only three wells are operated in the Corning sub-basin (Hamilton City). All of the wells 
evaluated in this study (both Cal Water and DWR) in or near Hamilton City have either stable or 
increasing groundwater levels. As discussed in Chapter 3, groundwater demands within 
Hamilton City are only projected to increase by approximately 130 af/yr. Consequently, 
additional groundwater pumpage by Cal Water is not likely to affect regional groundwater levels 
in the eastern portion of the Corning sub-basin. 

Cal Water is currently operating 57 groundwater wells within the City of Chico (36 in the Vina 
sub-basin and 21 in the West Butte sub-basin). On average, water levels within the portion of the 
sub-basin used by Cal Water appear to be stable or only showing very minor water level declines 
in isolated wells.  

Only two wells (Station 34 in the Vina sub-basin and Station 5 in the West Butte sub-basin) had 
water levels declining at an annual rate to cause concern (greater than 0.75 ft/year). However, 
these two wells appear to have isolated, localized issues that should be further investigated by 
conducting equipment inspections and site surveys of adjacent private pumpage. 

Additionally, long-term water levels within the 11 DWR wells reviewed in the Chico area (4 in 
the Vina sub-basin, 4 in the West Butte sub-basin, and 3 in East Butte sub-basin), seem to 
support the water level stability trends observed in the Cal Water wells. Overdraft conditions are 
not likely present based on the data reviewed  

As addressed in Chapter 3, water demands served by Cal Water in the City of Chico area are 
projected to increase by approximately 80 percent (from 29,900 to 54,300 af) over the next 25 
years. Although historical water levels do not indicate the presence of overdraft conditions, 
increasing water demands by 80 percent, and continuing to use the groundwater basin to meet 
these demands, may have a dramatic affect on the sub-basins in the future.  

Consequently, for planning purposes we recommend that Cal Water staff plan on using 
groundwater to meet future water demands, but closely monitor groundwater levels in its wells to 
see if increased demands cause additional groundwater level declines in the portions of the sub-
basins in which they operate. Once completed, Cal Water staff should also use the groundwater 
model being developed by the BCWRC to confirm the recommendations provided in this 
chapter. 

Groundwater Quality 

The quality of groundwater underlying the Chico-Hamilton City District was evaluated by 
consulting DWR Bulletin 118, identifying known regional groundwater plumes in the area, 
locating active groundwater contamination cases in the area, and reviewing historical water 
quality data from each municipal well operated by Cal Water. As discussed below, most of the 

Public Version



   
Chapter 4. Water Supply 

 

May 2008 4-10 California Water Service Company 
o:\c\436\02-06-03\wp\mp\060106ce4 Ch4  Chico-Hamilton City District 

  Water Supply and Facilities Master Plan 

concerns are already being addressed, and future problems can be avoided through careful site 
selection of new wells.  

Water Quality from Bulletin 118 

Groundwater within the Sacramento Valley Groundwater Basin, and the four sub-basins 
pertinent to Cal Water, consist predominately of calcium-magnesium bicarbonate and 
magnesium-calcium bicarbonate. Total dissolved solids (TDS) concentrations generally range 
from 48 to 676 milligrams per liter (mg/L).18 TDS concentrations above 500 mg/L may start to 
cause taste and odor problems; however, the TDS concentrations reported by DWR Bulletin 118 
will not likely limit Cal Water’s ability to use groundwater in the area to meet demands.  

Regional Groundwater Plumes 

Discussions with staff of the California Department of Toxic Substances Control (DTSC) 
indicate that there are 8 regional groundwater contamination plumes located in the City of Chico. 
Half of the plumes are within the Vina sub-basin and half are within the West Butte sub-basin. 
No regional plumes near Cal Water’s water distribution system could be identified in the East 
Butte sub-basin or in the Corning sub-basin (Hamilton City). 

The 8 regional plumes, as labeled by DTSC, consist of the Central Plume, North Valley 
Cleaners, Louisiana Pacific, North Central Plume, Southwest Plume, Victor 20th Street Plume, 
Chico Municipal Airport/Victor Industries Plume, and the Skyway Homes Subdivision Plume. 
The potential source and status of each plume is summarized in Table 4-3, while Figure 4-17 
illustrates the location of each plume relative to Cal Water’s existing municipal supply wells. 

As shown in Table 4-3, all of these plumes (with the exception of the Skyway Subdivisions 
plume) were discovered by the early 1990’s, and are being addressed through site 
characterization or active remediation. None of these plumes, including Skyway Subdivisions, 
likely pose a threat to Cal Water’s future groundwater supplies because their locations are 
identified and can be avoided by careful selection of future well sites. 

Active Groundwater Cases in the Area 

A review of the EnviroStor database managed by DTSC, and the GeoTracker database managed 
by the State Water Resources Control Board (SWRCB), indicate that, in addition to the 8 
regional plumes located within the Chico-Hamilton City District, there are also 29 active 
unauthorized chemical releases that have impacted local groundwater. Two of these cases are 
located in Hamilton-City. 

Table 4-4 identifies the sub-basin in which the active case is located, lists the type of case 
(LUFT, DTSC, SLIC), and summarizes the contaminants found. Figure 4-18 illustrates the 
location of sites consisting of chlorinated solvents (tetrachloroethylene (PCE) and 
trichloroethylene (TCE)), Figure 4-19 illustrates the location of sites consisting of petroleum 
hydrocarbons (total petroleum hydrocarbons (TPH), methyl tertiary-butyl ether (MTBE), and 
Benzene, Toluene, Ethylbenzene, Xylenes (BTEX)), and Figure 4-20 illustrates the location of 
sites consisting of other contaminants (e.g., polycyclic aromatic hydrocarbon (PAHs), cyanide, 
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arsenic). Some sites may be shown on more than one figure due to the presence of multiple 
contaminants.  

Table 4-3. Regional Groundwater Plumes(a) 

Plume Name 
Primary 

Contaminant 
Year 

Detected Potential Sources Status 

Central PCE 1986 Typically used as a 
dry cleaning agent 

Remediation is on-going, and a 
Chico High School irrigation well 

acted as conduit to spread 
contaminants to lower aquifer. 

North Valley 
Cleaners PCE 1995 

North Valley 
Cleaners, via on-site 

septic tank 
Currently undergoing remediation. 

Louisiana 
Pacific 

Arsenic, PCP, 
BTEX 1991 

Louisiana Pacific – 
Wood Products 

Facility 

Soil contamination remediation 
deemed complete, while groundwater 
is currently undergoing remediation. 

North Central PCE, 1,2-
DCE 1986 

PCE is typically used 
as a dry cleaning 

agent, while 1,2-DCE 
is likely a breakdown 

product 

Groundwater is being treated via an 
air stripper located at Station 16. 

Southwest PCE 1991 Area dry-cleaners 
located upgradient 

GAC installed at Station 46 is being 
used to treat groundwater. 

Responsible parties are investigating 
the shallow and deep groundwater. 

Victor 20th 
Street PCE/TCE 1990 

Victor Industries – 
Former Metal Tube 

and Can facility, TCE 
used as a degreaser 

Recent court settlement will provide 
DTSC with funding to continue site 

characterization, and construct a 
pump and treat system. 

Chico 
Municipal 

Airport/Victor 
Industries 

TCE 1984 Victor Industries 

Responsible party in the process of 
installing GAC to treat TCE, and 

discharge treated water to Sycamore 
Creek. 

Skyway 
Homes 

Subdivision 
PCE, TCE 2003 Metal Manufacturing 

DTSC is providing bottled water, and 
is trying to determine the responsible 

party. 
(a) Data obtained from DTSC staff, EnviroStor database, and the Chico Area Groundwater Plume Updates and Public 

Notice dated March 2004. 
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These cases have the potential of impacting Cal Water’s municipal supply wells with a wide 
variety of contaminants; however, as shown in Figures 4-18 through 4-20, most of these cases 
are located in the south-southwestern portion of Cal Water’s service area. With the exception of 
cyanide, all of the contaminants can be removed with conventional well head treatment 
technology (GAC, Membrane, or Air Stripping), if necessary. 

Consequently, these sites can be avoided or the costs of treatment considered when selecting 
future groundwater well locations. The cyanide contamination location (Pacific Gas & Electric 
(PG&E) Chico-1, Figure 4-20) should be avoided in the future. 

Historical Water Quality in Cal Water Wells 

A review of historical water quality data provided by Cal Water indicates that within the past few 
years only six wells (Stations 16, 21, 33, 40, 46, and 55) had sampling results for various 
constituents that were above the maximum contaminant levels (MCL), only one well (Station 68) 
had sampling results above 75 percent of the MCL, and one well (Station 58) is inactive due to 
taste and odor issues. Wells with sampling results above 75 percent of the MCL were listed to 
indicate a potential to exceed MCLs in the near future.  

Table 4-5 lists the wells and the corresponding contaminants, while Figure 4-21 illustrates the 
location of the wells relative to the regional groundwater contamination plumes. Appendix I 
contains historical water quality graphs for each of these wells and corresponding constituents.  

Table 4-5. Cal Water Wells with Contaminants above the MCL or 75 Percent of the MCL 

Station Status PCE 
cis-1,2-

DCE FE NO3 TDS 
Taste & 

Odor 
16 Active: WHT > MCL      

21 Active: WHT > MCL      

33 Inactive: Bacteria   > MCL    

40 Inactive  > MCL     

46 Active: WHT > MCL      

55 Inactive: 
Nitrates T&O    > MCL   

58 Inactive       

68 Active    > 75% 
MCL   

WHT – Well Head Treatment Installed 
PCE – Tetrachloroethylene 
FE – Iron 
NO3 – Nitrate as nitrate 
TDS – Total Dissolved Solids 
MCL – Maximum Contaminant Level 
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A brief summary of the status of each well follows, while more detailed discussion is provided in 
Chapter 7 (Facility Assessment):  

• Station 16: Sampling data provided by Cal Water (mentioned above in Table 4-5 as 
having GAC to help manage the North Central Plume) did not indicate the presence 
of PCE greater than the MCL within the past three years. However, data collected by 
the SWRCB from the influent stream to the granular activated carbon unit did 
indicate that PCE concentrations were higher than the MCL. This data is provided in 
Appendix J. 

• Station 21: Recent sampling results (past three years) indicated the presence of PCE 
above the MCL; however, Cal Water staff has installed wellhead treatment to remove 
the contaminant and allow the well to remain active. 

• Station 33: This well is not currently operating due to microbial growth. Cal Water 
staff is in the process of rehabilitating the well to address these microbial issues, and 
expects to re-activate the well. 

• Station 40: This well has been inactive for the past several years due to the presence 
of cis-1,2-DCE in concentrations above the MCL; however, Cal Water staff is 
planning to install wellhead treatment (GAC) to be able to bring this well back online. 

• Station 46: Recent sampling results (past three years) indicated the presence of PCE 
above the MCL; however, Cal Water staff has installed wellhead treatment to remove 
the contaminant and allow the well to remain active. 

• Station 55: Recent sampling results (past three years) indicated the presence of 
Nitrate (as NO3) above the MCL; however, Cal Water has deactivated this well, and 
is no longer using it to supply water.  

• Station 58: This well has been inactive for the past several years due to taste and odor 
problems. As discussed in more detail in Chapter 7 (Facility Assessment), we 
recommend that this well be rehabilitated and re-activated. 

• Station 68: Recent sampling results (past three years) indicated the presence of 
nitrates (NO3) above 75 percent of the MCL; however, as shown in Appendix I, these 
concentrations peaked in 2004 and are currently declining. Cal Water staff should 
continue to monitor this well to ensure that nitrate concentrations do not increase 
above the MCL. 

Summary of Potential Water Quality Concerns 

Although there are eight regional groundwater contamination plumes and 29 additional active, 
unauthorized chemical releases to groundwater within the Chico-Hamilton City District, they do 
not pose an immediate threat to Cal Water’s existing groundwater supply. Most of the 
contaminant sources have been identified, and are currently being regulated by either the DTSC 
or SWRCB. In the future Cal Water can avoid these areas through careful site selection of future 
groundwater wells.  
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Of the 60 wells operated by Cal Water, only five wells (Stations 16, 21, 33, 46, and 55) had 
contaminant concentrations above their respective MCL, and only one well (Station 68) had 
concentrations above 75 percent of the MCL. Station 58 is an isolated case involving taste and 
odor issues. Despite the identification of wide-spread contaminants in the groundwater basin, 
less than 7 percent of Cal Water’s wells have been impacted.  

Consequently, regional groundwater contamination will not likely limit Cal Water’s existing 
groundwater supplies or prevent Cal Water from relying on the groundwater basin in the future. 
Cal Water staff should continue to monitor nitrate concentrations at Station 68, and avoid placing 
wells near the PG&E Chico-1 site that has cyanide contamination. 

Unit Cost of Providing Groundwater in the Future 

The cost for Cal Water to provide groundwater in the future will consist of the cost to maintain 
its existing capacity and the cost to increase its groundwater production capacity as demands 
increase. Comparisons of supply and demand, along with the recommended water supply 
scenario, are discussed in subsequent sections of this Chapter. 

Cost of Maintaining Existing Groundwater Production Capacity 

Cal Water will need to replace older wells, construct new wells away from existing 
contamination, or install wellhead treatment, or blend to maintain its existing groundwater 
production capacity. A detailed discussion regarding schedule and costs to replace older wells or 
rehabilitate currently inactive wells is provided in Appendix N (Facility Assessment).  

Table 4-6 presents the future unit cost of maintaining the existing groundwater pumping capacity 
assuming the replacement schedule and costs presented in Appendix N (Facility Assessment). 
The capital costs were annualized using the depreciation methodology adopted by Cal Water for 
its capital projects. The methodology, developed by Cal Water, accounts for depreciation over 40 
years, and revenue requirement to cover debt, annual rate of return (13 percent), and taxes. The 
detailed tables used to develop the costs presented in Table 4-6 are included in Appendix K.  

Table 4-6. Future Unit Costs of Existing Groundwater Capacity (in 2006 dollars) 

Component 2006 2010 2015 2020 2025 2030 

Annualized Capital Cost, $ 4,825,650 4,412,250 4,804,300 5,120,750 5,230,550 4,818,475
Groundwater, af(a) 30,000 30,000 30,000 30,000 30,000 30,000

Unit Capital Costs, $/af(b) 160 150 160 170 170 160
(a) Actual 2005 pumpage was equal to 29,493. The pumpage was rounded to 30,000 af for planning purposes. 
(b) Unit Capital Costs rounded to the nearest $10. 

Cost of Future Groundwater Production Requirements 

Although Cal Water does have a few storage tanks within the distribution system, it primarily 
relies on its groundwater wells to meet peak hour demands. Continuing to rely on groundwater 
wells in the future could require Cal Water to construct many new wells that will ultimately be 
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on stand-by for a majority of the year. This operational technique could add substantial operation 
and management (O&M) costs to the Chico-Hamilton City District. 

Consequently, it was assumed that Cal Water would construct sufficient groundwater production 
capacity to meet projected maximum day demands, and that peak hour demands would be met 
with a combination of groundwater from wells and groundwater stored in above ground storage 
tanks. The maximum day demand was previously presented in Chapter 3 as 2.0 times the annual 
average day, or approximately 67,380 gpm (97.0 mgd).  

Based on data provided by Cal Water, the existing design capacity of all the groundwater wells 
within the Chico-Hamilton City District is approximately 58,870 gpm. Assuming that 10 percent 
of Cal Water’s groundwater production capacity could be out of service at any given time (i.e., 
maintenance, water quality or other issues), only 53,000 gpm should be considered as reliable 
firm capacity. Consequently, Cal Water will require an additional 14,400 gpm (67,380 gpm 
minus 53,000 gpm) of new reliable groundwater production capacity by 2030, or a total of 
approximately 15,800 gpm, after assuming that 10 percent additional capacity is required to 
account for new wells out of service for maintenance, water quality or other issues.  

Data provided by Cal Water indicates that wells constructed within the past 30 years have an 
average design capacity of approximately 1,100 gpm. This implies that Cal Water will need to 
construct approximately 14 new wells (15,800 gpm divided by 1,100 gpm per well) by 2030.  

Assuming an average cost of approximately $1.4 million per new well, Cal Water will expend 
approximately $19.6 million (1.4 x 14) in new well production capacity, not including the cost of 
land, between now and 2030.1 Figure 4-22 illustrates the number of new wells required, by year, 
based on the timing of future water demands assumed in Chapter 3.  

As shown on Figure 4-22, Cal Water will need to construct four wells between 2016 and 2020, 
five wells between 2021 and 2025, and five wells between 2026 and 2030. This timing was used 
to project the capital costs of additional groundwater pumping capacity required by 2030. 

Table 4-7 presents the unit capital cost of providing additional groundwater pumping capacity to 
meet future water demands. The capital costs were annualized using the same depreciation 
methodology used for the existing groundwater costs (see Appendix K). 

Table 4-7. Unit Costs of Additional Groundwater Pumping Capacity (in 2006 dollars) 

Component 2006 2010 2015 2020 2025 2030 

Annualized Capital Cost, $ 0 0 0 7,952,000 13,006,000 16,383,500
Groundwater, af(a) 1,100 3,500 7,900 15,800 20,100 24,300

Unit Capital Costs, $/af(b) 0 0 0 500 650 670
(a) Groundwater only includes the additional groundwater required to meet future demands. 
(b) Unit capital costs rounded to the nearest $10. 

                                                 
1 Costs of new wells provided by Cal Water staff. 
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Total Unit Cost of Groundwater 

In addition to the capital costs associated with existing and future groundwater pumping 
capacity, Cal Water will also have associated O&M costs. Discussions with Cal Water staff in 
the Chico-Hamilton City District indicated that the current O&M cost is approximately 
$9,300,000 per year or approximately $310 per af based on 2005 pumpage of 30,000 af. This 
cost is the dollar value per acre-foot of groundwater delivered and therefore, includes pipeline 
repair, chemicals, power, and replacement of equipment. 

In the future, O&M costs will likely increase due to inflation of material, labor, and equipment 
costs. Consequently, future O&M costs were projected assuming an increase of 4 percent per 
year (based on work completed in the Livermore District). 

Table 4-8 summarizes the total unit cost of groundwater, which includes the capital costs 
associated with maintaining existing pumping capacity, capital costs associated with increasing 
pumping capacity, and O&M costs. As shown in Table 4-8, total costs of groundwater are 
expected to increase from $480 to $1,160 per af by the year 2030. 

Table 4-8. Unit Costs of Additional Groundwater Pumping Capacity Required 

Component 2006 2010 2015 2020 2025 2030 

Existing Capacity, $/af(a) 160 150 160 170 170 160 
Future Capacity, $/af(b) 0 0 100 170 180 170 
O&M Costs, $/af(c) 320 380 460 560 680 830 

Total Unit Costs, $/af(b) 480 530 720 900 1,030 1,160 
(a) Obtained from Table 4-6. 
(b) Obtained from Table 4-7. 
(c) Based on $310/af, and then increased at a rate of 4% per year. 

OTHER POTENTIAL WATER SUPPLY OPTIONS 

As discussed previously, this Water Supply and Facilities Master Plan is recommending that Cal 
Water staff plan on using groundwater to meet future water demands, but closely monitor 
groundwater levels to ensure increased annual demands do not induce overdraft conditions on a 
long-term basis. Although the planning horizon for this Water Supply and Facilities Master Plan 
is 2030, it will most likely require an update every 5 to 10 years.  

Consequently, in the near term, Cal Water can rely on continued use of groundwater to meet 
existing and future projected water demands; however, we also recommend that Cal Water begin 
exploring the possibility of using other water supplies (e.g., surface water) in conjunction with 
groundwater. As regulations become stricter and regional water resources become scarcer, 
integration of other water supply sources may be desirable to assure adequate management and 
sustainability of groundwater resources, and provide Cal Water’s Chico-Hamilton City District 
with additional supply reliability. Cal Water has recently requested additional water from Butte 
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County’s Table-A Allocation from the State Water Project (SWP). In addition, in a letter dated 
March 14, 2007, Cal Water indicated that they have the potential to fully utilize all of Butte 
County’s 27,500 af Table-A Allocation. 

The purpose of this section is to present Cal Water staff with other potential water supply options 
that can be further explored. Integration of these other supplies (surface water and recycled 
water) would strengthen long-term management of groundwater resources and diversify Chico-
Hamilton City District’s water supply portfolio.  

Identifying actual recharge areas and conveyance requirements is beyond the scope of this Water 
Supply and Facilities Master Plan. Cal Water should commission a separate, more focused 
feasibility study, which identifies permeable areas upstream of its groundwater extraction wells, 
and the conveyance facilities necessary to carry any potential water supplies to these areas. 

Potential Surface Water Supply Options 

Cal Water’s Chico-Hamilton City District does not currently have surface water rights to support 
a conjunctive use program. In general, there are three potential sources of surface water for the 
Chico-Hamilton City District to consider:  SWP contract supplies, water purchased from other 
users via water transfers, and application for a new water right.  

The City of Chico and Hamilton City each has unique geography and proximity to surface water 
bodies, leading to different options for securing surface water rights. This section describes the 
general options for securing SWP contract supplies, acquiring water through a water transfer, 
and securing a new water right. This is followed by identification of specific options separately 
for both the City of Chico and Hamilton City. 

State Water Project Contract Supplies 

In the 1960s Butte County signed a long-term water supply contract with DWR for a portion of 
the supply developed by the SWP. The maximum amount in the contract is 27,500 acre-feet per 
year. The original contract had a buildup schedule to reach this maximum entitlement amount by 
1990, but Butte County has worked with DWR to amend this buildup schedule a number of 
times. The current contract amount is 1,200 acre-feet per year, and is scheduled to jump to the 
full amount of 27,500 acre-feet per year in 2007.19 

A working assumption is that the point of delivery, through potential wheeling agreements, is 
any location along Big Chico Creek, Butte Creek, and Feather River, allowing the use of this 
supply for implementation of a groundwater recharge project. Figure 4-23 illustrates the location 
of these water ways in relation to the Chico-Hamilton City District service area, along with other 
pertinent regional water resource features.  

Identifying actual recharge areas and conveyance requirements is beyond the scope of this Water 
Supply and Facilities Master Plan, and it is recommended that Cal Water commission a separate, 
more focused feasibility study to address recharge location and conveyance. 
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The Butte County contract expires in 2035, along with all SWP contracts. Since the SWP serves 
more than 2.5 million acre-feet to urban water users throughout California, it is a reasonable 
assumption that these contracts will be extended after that date.  

Like all SWP water contractors, Butte County pays an annual cost for the basic development of 
the water supply, and separately pays for the costs to deliver this water. The annual cost is the 
“Delta Water Charge”, which is a calculated uniform annual “Delta Water Rate” multiplied by 
the annual amount of water under the contract. Consequently Butte County pays the same “rate” 
as all SWP water contractors, but pays a “charge” that is significantly less since it is one of the 
smallest SWP water contractors.  

Cal Water will need to pay its proportional share of any portion of Butte County’s SWP supplies 
assigned (not transferred) to Cal Water. The Delta Water Rate is calculated annually based on all 
financed costs to develop and maintain the water supply features of the SWP. The “rate” for 
2005 was $24.48 per acre-foot (DWR Bulletin 132-04, Management of the California State 
Water Project, Table B-20A, November 2005). The “charge” (rate multiplied by contract 
amount) must be paid regardless of the amount actually delivered. 

Although the SWP water supply contract has provisions for reductions in delivery when the SWP 
as a whole cannot meet all contract amounts, it is uncertain whether such deficiencies would 
necessarily be applied in the future to SWP water users upstream of the Delta. Based on the “area 
of origin” provisions in the California Water Code, a case could be made that SWP water supply 
deficiencies should not be applied to water users in the “area of origin” upstream of the Delta. If 
deficiencies are applied, they would be as set forth in DWR’s periodic water supply reliability 
studies for the State Water Project. The most recent report of such studies was released in mid-
summer 2006, and is dated April 2006.  

More than 25,000 acre-feet per year of SWP contract supply is currently available for use within 
Butte County. Cost provisions are set forth in Butte County’s SWP contract, with details updated 
in DWR’s annual Bulletin 132. Securing a portion of this contract supply would require a 
separate agreement with the County of Butte.2 As previously mentioned, Cal Water sent a letter, 
dated March 14, 2007, to the Butte County Department of Water and Resource Conservation. 
The letter was sent by Cal Water to indicate to Butte County that Cal Water has the potential to 
fully utilize all 27,500 af of Butte County’s Table A-Allocation from the SWP. 

Water Transfers 

California has an active water transfers market, whereby one willing water user sells water to 
another willing water buyer under terms and conditions negotiated by the parties. California 
water law allows such transfers on both a short-term and a permanent basis. In general, water can 
be made available for transfer if there is a history of prior use, and the transfer is based on a 
decrease in use by the seller.  

                                                 
2 October 4, 2006, conversation with Toccoy Dudley and Vickie Newlin from Butte County. 
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Based on experience developed in water marketing beginning with the 1991 State Drought Water 
Bank, DWR, the U.S. Bureau of Reclamation (USBR) and the SWRCB have both oversight and 
some regulatory role in approving transfers. Such roles and authorities depend on details of a 
specific proposed transfer. 

Water made available by sellers for sale to others can be developed by:  

• Selling surface water supplies and replacing with a like amount of additional ground 
water pumping (this could be supported by an ad hoc program developed in any year 
or a long-term conjunctive use program);  

• Selling surface water supplies and foregoing irrigation that was supported by such 
supplies (historically described as land fallowing);  

• Releasing previously stored water from reservoirs owned or controlled by the sellers;  

• Implementing land use changes to reduce the net amount of water historically 
diverted and used (for example, shifting from a high water use crop to a low water 
use crop); and  

• Pumping and selling ground water. Some of these potential sources are regulated or 
controlled in some form by local ordinances and State law, as well as by regulatory 
practice. 

There is little or no history of permanent water transfers from agricultural to urban use in the 
Sacramento Valley, but there are several clear examples in southern California. The most recent 
example is the transfer of water from the Imperial Irrigation District to San Diego County Water 
Authority. However, Sacramento Valley transfers for urban use may be considered in the future 
as urban areas expand due to increases in population in the region. 

Water transfers have occurred in the past from agricultural water districts in the Sacramento 
Valley. One group of potential sellers is irrigation districts along the Sacramento River that have 
water right settlement agreements with the USBR. Another group is the irrigation districts in 
Butte County that have water right settlement agreements with DWR. Both groups have sold 
water in the past on a temporary basis, and it is unknown whether any would be interested in 
selling water on a long-term basis. Figure 4-23 illustrates the location of other water purveyors 
(both urban and irrigation districts) near Cal Water’s Chico-Hamilton City District service area. 

Local ordinances in each county establish approval details and processes. For example, Butte 
County voters approved Measure G in 1996 (Chapter 33 of the Butte County Code) that 
requires specific findings to support any transfer that is based on the substitution of additional 
groundwater pumping to offset the sale of surface water.20,21 In February 2000, the Glenn County 
Board of Supervisors approved Ordinance No. 1115, which established a Water Advisory 
Committee (WAC) and Technical Advisory Committee (TAC); these committees oversee 
regulation of water resources in Glenn County.22 

Water transfers – whether short or long term – have generated a great deal of local interest and 
opposition. Any successful transfer will need to be accomplished within a local and regional 
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policy and political context, in addition to complying with environmental laws and regulatory 
processes.  

New Water Right 

Another option is to apply for a water right from the State Water Resources Control Board to 
divert unappropriated water from the Sacramento River. While a year-round supply cannot be 
acquired, it is possible to obtain a permit for urban use for much of the year. As indicated below, 
operations of DWR’s State Water Project and the USBR’s Central Valley Project control 
Sacramento River flows much of the year.  

Water is available for appropriation except when these two water projects are releasing 
previously-stored water from their upstream reservoirs to meet flow and quality standards 
downstream in the Sacramento-San Joaquin Delta. In general, this means that water is available 
most of the year except for the period mid-June through mid-September, but this is administered 
on the basis of real-time flows and downstream requirements.  

The City of Stockton recently received a water rights permit for a surface water diversion to 
operate in a conjunctive manner with its groundwater pumping facilities. Davis, Woodland and 
U.C. Davis are currently pursuing a water rights permit under similar conditions. 

Conveyance/Wheeling 

Delivery of surface water to the City of Chico or Hamilton City depends on the location of 
stream systems and/or existing or potential new canals or pipelines, and the location of potential 
recharge areas. As discussed previously, identifying actual recharge areas and conveyance 
requirements is beyond the scope of this Water Supply and Facilities Master Plan, and it is 
recommended that Cal Water commission a separate, more focused feasibility study, to address 
recharge location and conveyance. 

In general, from a water transfers perspective, most or all potential sellers have water right 
settlement agreements with DWR or USBR. These agencies jointly manage water flows in the 
Sacramento River system to meet instream and downstream flow and water quality requirements 
and needs, and coordinate their water project operations through the 1986 Coordinated 
Operations Agreement (COA). Due to the institutional connections among various water users, 
DWR and USBR, it may be possible to reduce conveyance costs for some water transfers 
through exchange agreements that allow water from one stream system to be diverted from 
another.  

Chico Surface Water Supply Options 

While the City of Chico portion of Cal Water’s Chico-Hamilton City District will continue to 
rely on groundwater, it can augment those supplies with surface water by securing water rights 
via any of the three surface water supply options discussed above. Constructing a new water 
treatment plant to treat and deliver any surface water supplies is likely cost prohibitive, and 
would not take advantage of Cal Water’s existing distribution system; consequently, the most 
economical use of surface water would likely involve recharge of the groundwater basin through 
percolation ponds. Should constructing a new water treatment plant become a feasible alternative 
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for Cal Water’s Chico-Hamilton City District, this will require construction of a water 
conveyance system from DWR’s Thermalito Afterbay to this surface water treatment plant near 
or in the City of Chico. Figure 4-23 shows the proximity of Thermalito Afterbay and the City of 
Chico. A potential route of the conveyance system is along State Highway 99, which runs fairly 
directly from the Thermalito Afterbay to the City of Chico. Identifying the actual location of a 
proposed water treatment plant and conveyance requirements is beyond the scope of this Water 
Supply and Facilities Master Plan. If Cal Water has acquired a reliable surface water supply and 
the treatment of that supply is the preferred option, Cal Water should commission a separate, 
more focused feasibility study, to site the future water treatment plant, and the conveyance 
facilities necessary to carry any potential water supplies to the water treatment plant. Each water 
supply option is discussed below. 

Option C-1, SWP Contract Supply: Contract with Butte County for SWP Water  

Depending on the best location to take delivery of the water, a diversion facility would be 
needed. For example, Cal Water could develop a wheeling agreement where SWP water could be 
diverted off Big Chico Creek or Butte Creek into percolation ponds. Cal Water could also take 
delivery along the Feather River, south of Thermalito Afterbay, but that option would require a 
costly pump station and pipeline. Figure 4-23 shows the proximity of Big Chico Creek, Butte 
Creek, Thermalito Afterbay, the Feather River, and the City of Chico.  

SWP contract supplies (referred to in the SWP contracts as “Table A Amounts” since they are 
listed in Table A of the individual contracts) are subject to deficiencies when there is not enough 
water to meet the cumulative demands. Deficiencies are determined on a year-to-year basis and 
depend on hydrology, carryover storage in SWP reservoirs, and conveyance limitations including 
pumping restrictions due to environmental conflicts. DWR began in the 1980s to refine its 
studies of potential future conditions. In 2003 such studies were formalized in the first complete 
report on SWP water supply reliability. An update to that report was distributed as final in mid-
summer 2006 (DWR, The State Water Project Delivery Reliability Report, Public Review Draft, 
April 2006). That final report includes the following table (Table 4-9) on delivery reliability 
under a variety of assumptions from both the 2003 studies and 2005 draft studies: 

Table 4-9 is based on SWP deliveries made from/or south of the Delta, and accounts for Delta 
pumping restrictions related to fisheries issues that would not be applicable to delivery of water 
to Butte County (located north of the Delta). Thus, these projected water delivery deficiencies 
understate the reliability (overstate the deficiencies) of Butte County’s SWP contract supply. 

There are at least three strategies that could be pursued in determining the quantity of SWP 
supply that should be acquired: 

1. Contract for an amount of water to meet Chico’s demands in a wet year, assuming an 
average supply of 77 percent and other reductions as set forth in the table above. This 
strategy will require use of groundwater in most years, and meeting 95 percent of 
demand with groundwater in a severe year like 1977. 
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2. Contract for a greater amount than this first strategy, such that an adequate supply is 
available on average, and more than needed in wet years. This will translate into less 
delivery reductions than indicated in the table. This strategy will require a lesser 
amount of groundwater use than the first strategy. 

3. Work with Butte County to pursue a finding by DWR that Butte County SWP 
supplies should not be subject to a deficiency due to the County’s position as an 
entity in the “area of origin”. 

Table 4-9. SWP Average and Dry Year Table A Delivery from the Delta (Table 5-4) 

SWP Table A Delivery from the Delta (in percent of maximum Table A) 

Study 
Average 

1922-1994 
Single Dry 
Year 1977 

2-Year 
Drought 

1976-1977 

4-Year 
Drought 

1931-1934 

6-Year 
Drought 

1987-1992 

6-Year 
Drought 

1929-1934 

SWP Delivery Reliability Report (2003): 
1. 2001 Study 72% 19% 48% 37% 41% 40% 
2. 2021A Study 75% 20% 44% 39% 40% 41% 
3. 2021B Study 76% 20% 44% 39% 40% 41% 
Updated Studies: 
4. 2005 Study 68% 4% 41% 32% 42% 37% 
5. 2025 Study 77% 5% 40% 33% 42% 38% 
 

Option C-2, Water Transfer  

Regardless of the location of the seller, it is desirable from a cost standpoint to deliver surface 
water to Chico from either Big Chico Creek or Butte Creek. If water is purchased from water 
right settlement contractors on the Feather River or Sacramento River, a wheeling agreement will 
be necessary.  

Option C-3, Water Right  

A third potential option is to apply for a water right from the SWRCB to divert unappropriated 
water from the Sacramento River. This option would still require some sort of wheeling 
agreement so that water could be diverted off Big Chico Creek or Butte Creek.  

Hamilton City Water Supply Options 

Options for providing surface water to Hamilton City are limited to purchasing water from 
existing water users, or securing a permit to divert unappropriated water from the immediately 
adjacent Sacramento River. Each is discussed below. 
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Option HC-1, Water Transfer 

Regardless of the location of the seller, it is desirable from a cost standpoint to deliver surface 
water to Hamilton City by direct diversion from the Sacramento River. If water were purchased 
from water right settlement contractors on the Feather River, an exchange agreement would be 
needed with both DWR and the USBR. The “exchange” would be the offset of additional flow in 
the Feather River by a like reduction in flow on the Sacramento River. An obvious option is to 
negotiate a transfer from the Glenn-Colusa Irrigation District, the largest water diverter on the 
Sacramento River. GCID serves water to 141,000 acres of irrigated farmland, and its diversion 
facilities are located four miles directly north of Hamilton City. These diversion facilities are 
fairly new, and utilize state-of-the-art fish screens. 

A permanent water transfer could be developed to handle a variety of future conditions, 
depending on the degree to which Hamilton City water needs would be met by continued use of 
ground water. 

Option HC-2, Water Right  

A second potential option is to apply for a water right from the SWRCB to divert unappropriated 
water from the Sacramento River. This option would require construction of a diversion structure 
as well as a pipeline to convey the water to Hamilton City for treatment and distribution. 
Hamilton City is located within one mile of the Sacramento River. As indicated earlier, 
unappropriated water is not available year-round except in very wet years such as 2005 and 
2006. Under most conditions, Hamilton City could acquire a water right to meet all its needs for 
most months with the exception of the period June – September. The State Water Resources 
Control Board will not likely issue a new water right permit unless it is assured that Hamilton 
City will have adequate supplies when surface water is not available. This will require continued 
reliance on ground water, although another option would be to negotiate a water transfer for this 
period.  

Summary of Surface Water Supply Options 

Future water supply options for Chico and Hamilton City to supplement ground water use are 
summarized in Table 4-10 below. We recommend that Cal Water conduct a feasibility level 
evaluation of each option to assess: supply option, available water quantities; required 
conveyance facilities; wheeling requirements, if needed; recharge locations, and other technical 
and institutional issues associated with each supply option.  

Table 4-10. Summary of Surface Water Supply Options 

Option Chico Hamilton City 

Contract for SWP supply X NA 
New water right X X 
Water transfer X X 
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Potential Recycled Water Supplies 

Recycled water projects normally arise due to a need to offset potable water use or dispose of 
wastewater that cannot be discharged through normal practices. Schools and parks are normally 
the first customers to use recycled water due to their landscape irrigation needs.  

Some of the schools and parks within the City of Chico are served by private water wells and 
therefore, would not provide Cal Water with any direct potable water offset. At the time this 
Water Supply and Facilities Master Plan was completed, no wastewater disposal issues could be 
identified, and Cal Water is not responsible for the City of Chico’s wastewater treatment and 
disposal system.  

Additionally, the regional water pollution control plant (WPCP) is located approximately 4.5 
miles southwest of the nearest potential customer, and all of the schools and parks are scattered 
throughout the City. Although any recycled water system would be cost prohibitive at the present 
time, it may not be in the future. For example, there is serious consideration being given in 
southern California to greater use of satellite wastewater treatment systems that would open the 
door for greater implementation of recycled water programs. Figure 4-24 illustrates the location 
of the regional wastewater treatment plant and potential future school and park customers. 

Based on these conditions, a recycled water system in Chico is not justifiable at this time, and 
should only be considered if: 

• Wastewater disposal and river discharge became an issue at the WPCP. 

• Cal Water is unable to secure surface water supplies, and groundwater overdraft 
conditions occur. 

• Cal Water needs to offset private pumping to secure long-term groundwater pumping 
rights. 

Consequently, it is recommended that Cal Water not explore the use of recycled water until it has 
further evaluated the potential surface water supply options previously discussed in this chapter, 
needs to secure long-term groundwater pumping rights to offset future demands, or there are 
changes to wastewater treatment facilities and options that improve the economics for recycled 
water use. 

SUMMARY, RECOMMENDED WATER SUPPLY OPTION 

In the near term, Cal Water can rely on continued use of groundwater to meet future projected 
water demands. We recommend that Cal Water begin exploring the possibility of using surface 
water supplies in conjunction with groundwater. As regulations become stricter and regional 
water resources become scarcer, integration of other water supply sources could be desirable to 
strengthen management and sustainability of the groundwater resources, and provide Cal Water’s 
Chico-Hamilton City District with additional supply reliability. 
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Consequently, for planning purposes in this Water Supply and Facilities Master Plan, we 
assumed that Cal Water would meet all future demands with groundwater, and explore the 
feasibility of implementing a groundwater recharge program that uses surface water diverted 
from either Big Chico Creek or Butte Creek.  

Figure 4-25 compares Cal Water’s future water demands and existing water supply. As shown in 
Figure 4-25, all of Cal Water’s future annual water demands can be met from the groundwater 
basin using existing wells. Additionally, unlike surface water supplies, groundwater supplies are 
inherently resistant to drought conditions due to the relatively large volume of water in basin 
storage. For planning purposes, it was assumed that the Chico-Hamilton City District’s 
groundwater supplies would be available during all hydrologic water year types.  

Figure 4-26 compares the projected maximum day demands to existing and future groundwater 
production capacity. As shown in Figure 4-26, the Chico-Hamilton City District will require 
additional groundwater production capacity by 2019, and will need to provide an additional 44 
mgd of capacity by 2030 (provides 10 percent reserve capacity).  

Additionally, as previously discussed, WYA recommends that Cal Water confirm our 
recommendation to continue to rely on the groundwater basin and investigate groundwater 
recharge using surface water supplies, using the calibrated groundwater model after it is 
completed by the BCWRC. In particular, Cal Water should review the scenario results to ensure 
that overdraft conditions will not occur if an additional 24,000 af/year of groundwater is 
extracted over the long-term (50 years). 

Figure 4-27 illustrates the projected future costs of the recommended water supply scenario, 
including the cost to explore the feasibility of using surface water supplies under a conjunctive 
use program that emphasizes groundwater recharge. For planning purposes it was assumed that 
Cal Water would expend $350,000 on the study over two years (2007 and 2008).  

The total cost of the recommended water supply scenario was determined by multiplying the 
total groundwater extracted (see Chapter 3) by the total unit cost of groundwater (see Table 4-8). 
Table 4-11 presents the future cost of the recommended scenario, while Figure 4-27 illustrates 
the costs over time. As shown in Table 4-11 and Figure 4-27, the total cost of meeting future 
water demands with groundwater and exploring the feasibility of securing a surface water supply 
is projected to reach approximately $63- milli by 2030. 

Table 4-11. Projected Cost of the Recommended Water Supply Scenario 

Component 2006 2010 2015 2020 2025 2030 

Groundwater 
Extracted, af(a) 31,100 33,500 37,900 45,800 50,100 54,300
Unit Cost, $/af(b) 480 530 720 900 1,030 1,160

Total Cost, $ 14,900,000 17,800,000 27,300,000 41,200,000 51,600,000 63,000,000
(a) Groundwater quantity obtained from Figure 4-25. 
(b) Unit costs obtained from Table 4-8. 
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West Yost Associates
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Last Revised:  10/6/06

California Water Service Company
Chico-Hamilton City District

Water Supply and Facilities Master Plan

Figure 4-8. Cross-Section A-A': Well Construction Details
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Chapter 5:  Planning and Design Criteria

Chapter Highlights:

In this chapter, planning and design criteria for the performance of system analysis of  Cal 
Water’s Chico-Hamilton City District water system are defined. These criteria include the 
desired minimum and maximum pressures, maximum velocity and head loss, fire flow and 
duration, definition of “emergency events”, and storage components, including operational, 
fire flow and emergency. In addition, Cal Water’s definition of a critical facility is also 
described in the chapter.

These criteria reflect typical water system industry standards, including the California Safe 
Drinking Water Act and related laws, California Public Utilities Commission’s General 
Order 103, and American Water Works Association standards.
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described in the chapter.
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Order 103, and American Water Works Association standards.
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CHAPTER 5. PLANNING AND DESIGN CRITERIA 

The purpose of this chapter is to define the planning and design criteria for the performance of the 
Cal Water’s Chico-Hamilton City District water distribution system. These criteria include the 
desired fire flow and flow duration, definition of “emergency events”, pumping capacity, storage 
capacity components (including, operational, fire flow and emergency), minimum and maximum 
pressures, and maximum pipeline velocity and head loss. Subsequent sections of this chapter are 
as follows: 

• Fire Flow Requirements 

• Water Supply Capacity During High Demand Periods 

• Pumping Facility Capacity 

• Water Storage Capacity 

• Water Transmission and Distribution System Sizing 

These criteria, summarized in Table 5-1, reflect typical water system industry standards, 
including the California Safe Drinking Water Act and related laws, California Public Utilities 
Commission’s General Order 103, and American Water Works Association standards. 

FIRE FLOW REQUIREMENTS 

Cal Water is the purveyor of water for the Chico-Hamilton City District, but the City of Chico 
Fire Department and Hamilton City Fire Protection District are concerned with the availability of 
adequate water supply. Cal Water is responsible for supply and distribution of water, whereas the 
City of Chico Fire Department and Hamilton City Fire Protection District establishes minimum 
water flows required for fire fighting purposes. 

The City of Chico Fire Department and Hamilton City Fire Protection District uses 
Uniform/California Fire Code (UFC/CFC) Table A-III-A-1 Minimum Required Fire Flow and 
Flow Duration for Buildings to assist them in establishing minimum fire flows and durations for 
individual structures. The Chico-Hamilton City District’s current, generalized fire flow 
requirements by land use type are presented in Table 5-2. Comparison of the Chico-Hamilton 
City District’s generalized fire flow requirements, with those of other agencies, indicates that the 
Chico-Hamilton City District’s fire flow requirements are typical for a water agency of similar 
size. 
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Table 5-2. Fire Flow Requirements(a,b) 

Revenue Class Fire Flow(c,d), gpm Duration, hours 
Storage 

Volume, MG 

Residential 1,000 2 0.12 
Multiple Residences 2,500 2 0.30 
Commercial 3,000 3 0.54 
Industrial 4,000 4 0.96 
Government 4,000 4 0.96 

(a) Construction type and fire area are not generally known during the development of a master plan; 
consequently, fire flow requirements set forth in this table are based on previous estimates for these 
land use types in similar communities.  

(b) Unique projects or projects with alternate building materials may require higher fire flows and will be 
reviewed by the Fire Marshal on a case-by-case basis (e.g., proposed commercial/industrial areas and 
schools). 

(c) Both the City of Chico Fire Department and Hamilton City Fire Protection District normally allows up 
to a 50 percent reduction in fire flow if a building is sprinklered. However, the Fire Code also requires 
that no fire flow be less than 1,000 gpm for single family residential or 1,500 gpm for all other building 
types. 

(d) Specific fire flows are determined from Table A-III-A-1 of the 2001 CFC, and depend on construction 
type and fire area. These fire flow requirements are based on buildings being fully sprinklered. 

The criteria, as presented in Table 5-2, will be used for the evaluation of the existing and future 
water system. For planning purposes, fire flows are assumed to be met concurrently with a 
maximum day demand condition, while maintaining a minimum residual system pressure of 20 
pounds per square inch (psi) throughout the Chico-Hamilton City District. Additionally, as 
discussed in subsequent sections of this chapter, fire flows presented in Table 5-2 and their 
expected duration are also used to establish storage capacity requirements.  

WATER SUPPLY CAPACITY DURING HIGH DEMAND PERIODS 

The following criteria should be used to assess the adequacy of the Chico-Hamilton City 
District’s water supply during high demand periods. 

Maximum Day Demand plus Fire Flow 

In accordance with typical industry standards, the Chico-Hamilton City District’s water supply 
system should have the capability to meet a system demand condition equal to the occurrence of a 
maximum day demand condition concurrent with a fire flow event. For planning purposes, it is 
assumed that the maximum day plus fire flow demand condition will consist of a single fire flow 
event. 

The analysis of specific fire flow evaluations will be conducted assuming the largest booster 
pump at each station is offline (i.e., firm booster pumping capacity), regardless of whether or not 
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fire flow is provided by gravity storage, or the booster pump station. In addition, well pumps were 
assumed to pump at firm capacity (i.e., firm groundwater pumping capacity) during a specific fire 
flow evaluation. 

Based on data provided by Cal Water, the current groundwater well capacity within the Chico-
Hamilton City District’s service area is approximately 66.7 mgd. Using an assumption that 10 
percent of the groundwater production capacity is out of service for maintenance or other issues, 
the Chico-Hamilton City District can assume a firm groundwater pumping capacity of up to 
approximately 60.0 MG (90 percent of 66.7 MG for one day) from the groundwater wells.  

These conservative assumptions ensure the reliability of the system to provide sufficient flow 
during emergency fire flow conditions. For future system improvement analyses, pump stations 
with only one booster pump, or without back-up power capability (either an onsite generator or 
adaptor for a plug-in generator), will not be considered to be available during a fire flow analysis. 
The selection of a well for the installation of a backup power supply will be based on the 
capacity, quality and location of the well. 

Peak Hour Demand 

If feasible, peak hour demand should be met from a combination of supply sources and treated 
water storage reservoirs. 

PUMPING FACILITY CAPACITY 

Sufficient water system pumping capacity, in conjunction with available gravity storage, should 
be provided to meet the greater of these two demand conditions. 

(1) A maximum day demand concurrent with a maximum fire flow event with the largest 
pump at each booster pump station in standby mode with well pumps assumed to 
operate at firm groundwater pumping capacity. 

(2) A peak hour demand with the largest pump at each booster pump station in standby 
mode with well pumps assumed to operate at firm groundwater pumping capacity.  

This maximum demand requirement sets the pumping capacity requirement. 

CRITICAL PUMPING FACILITY 

Critical pumping facilities are defined as those facilities that provide service to pressure zones 
and/or service areas without sufficient emergency storage (see emergency storage section) and 
that meet the following criteria: 

• The largest facility that provides water to a particular pressure zone and/or service 
area; 

• A facility that provides the sole source of water to single or multiple pressure zones 
and/or service areas; 
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• A facility that provides water from a supply turnout into pressure zones and/or service 
areas; and  

• A facility that provides water from key (depends on capacity, quality and location) 
groundwater supply wells into a pressure zone and/or service area. 

All critical pumping facilities should be equipped with an on-site, back-up power generator. At 
less critical facilities a plug-in adapter will be used to allow interconnection to a portable 
generator, which will be brought to the site by Chico-Hamilton City District staff during a 
prolonged power outage. In addition, portable generator booster connections will be configured at 
all tank/booster locations.  

If unavailable by gravity storage, the fire flow should be supplied with a National Fire Protection 
Association (NFPA) rated fire pump. If an NFPA rated fire pump is not used, then a pump(s) and 
motor(s) combination with a backup power source of sufficient capacity to meet the required 
maximum fire flow and pressure requirements, as determined by the Fire Department’s Fire 
Marshal, will be required. 

WATER STORAGE CAPACITY 

The total treated water storage capacity requirements will be evaluated based on the following 
three components: 

• Operational Storage, 

• Fire Storage, and 

• Emergency Storage. 

A discussion of these three components, along with a discussion of credits for existing 
groundwater supply, follows. 

Operational Storage 

Over any 24-hour period, water demands will vary. Typically, higher water demands will occur 
during the early morning hours when people are irrigating landscape and getting ready to go to 
work and school. Water demands will then decline to some nominal baseline level (depending on 
the proximity to and water use patterns of adjacent commercial/industrial areas), and will then 
begin to increase again depending on outside water needs (and corresponding temperature), until 
it reaches a higher water demand in the early evening hours as people return home from work. 
Throughout the year, the peaks of this cycle will vary according to customer needs; thereby, 
creating a maximum day and peak hour demands.  

Typically, water treatment plants, supply turnouts, and/or wells are operated at a constant rate 
over a 24-hour period (baseline), augmented by additional flow from storage tanks, supply 
turnouts and/or wells during peak demand periods. Storage tanks are normally refilled when 
demands drop below the baseline water production flow rate. The storage volume used to meet 
these peak demand periods is called operational storage.  
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The operational storage requirements will be calculated based on the diurnal demand in a pressure 
zone or service area. If sufficient data is not available to develop a diurnal demand, then the 
recommended volume of water to be held in reserve for operational storage should be at least 
equal to 25 percent of the total volume of water used on a maximum day demand condition.  

Fire Storage 

Fire fighting flow requirements are identified in the UFC. These requirements are based on flow 
(in gpm) for the building use type (i.e. commercial. residential, school, industrial etc.), size of 
building (in square feet), and type of construction (wood frame, metal, masonry, installation of 
sprinklers, etc.). After a fire flow requirement is established, it is multiplied by the required fire 
fighting duration to produce an estimate of the total volume of fire flow required. Table 5-2 
presents the recommended fire flow criteria.  

The highest recommended fire flow requirement in the Chico-Hamilton City District (see 
Table 5-2) is 4,000 gpm, for a duration of four hours for industrial areas (if sprinklered). The 
resulting volume needed for fire flow storage is 0.96 MG. The resulting fire flow volume 
determined for the Chico-Hamilton City District, where feasible, should be stored in reservoirs 
located within the closest pressure zone or readily available by gravity from storage in higher 
pressure zones. 

Emergency Storage 

A reserve of stored water is also required to meet demands during an emergency. An emergency 
is defined as an unforeseen or unplanned event that may degrade the quality or quantity of potable 
water supplies available to serve customers. There are three types of emergency events that a 
water utility typically prepares for: 

• Minor emergency. A fairly routine, normal, or localized event that affects few 
customers, such as a pipeline break, malfunctioning valve, hydrant break, or a brief 
power loss. Utilities plan for minor emergencies and typically have staff and materials 
available to correct them. 

• Major emergency. A disaster that affects an entire, and/or large, portion of a water 
system, lowers the quality and quantity of the water, or places the health and safety of 
a community at risk. Examples include water treatment plant failures, raw water 
contamination or major power grid outages. Water utilities infrequently experience 
major emergencies. 

• Natural disaster. A disaster caused by natural forces or events that create water utility 
emergencies. Examples include earthquakes, forest or brush fires, hurricanes, tornados 
or high winds, floods, and other severe weather conditions such as freezing or drought. 

Determination of the required volume of emergency storage is a policy decision based on the 
assessment of the risk of failures and the desired degree of system reliability. The amount of 
required emergency storage is a function of several factors including the diversity of the supply 
sources, redundancy and reliability of the production facilities, and the anticipated length of the 
emergency outage. In developing an emergency storage requirement for the Chico-Hamilton City 
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District, typical industry standards were used and the recommended criteria and assumptions are 
described in the following paragraphs. 

The treated water emergency supply requirements, as published by the State Department of 
Health Services (DHS) in Title 22 Chapter 16, call for a minimum emergency supply in each 
pressure zone equivalent to the average day demand. American Water Works Association 
(AWWA) states that no formula exists for determining the amount of emergency storage 
required, that the decision will be made by the utility based on a judgment about the perceived 
vulnerability of the system. 

For this Water Supply and Facilities Master Plan, it has been assumed that the emergency storage 
requirement will be based on minor emergencies and specific major emergency criteria. It is 
recommended that the Chico-Hamilton City District use DHS’s suggested guideline of having a 
minimum quantity of emergency storage volume equivalent to the Chico-Hamilton City District’s 
average day demand. 

Credits for Existing Groundwater Supply 

Because of the Chico-Hamilton City District’s available wells, groundwater storage can account 
for a portion of the recommended water storage and system peaking capacity. However, sufficient 
water transmission facilities must be available to distribute this water to demand areas. 

Groundwater credit can be defined using the following two categories:  

• Emergency Storage Credit – Equal to the groundwater supply of potable water that can 
be reliably accessed (wells are equipped with auxiliary power). The minimum credit is 
equal to zero, and the maximum credit is equal to the recommended emergency 
storage capacity. 

• Operational Storage Credit – Equal to a percentage of the groundwater supply that can 
be reliably accessed in excess of that which is required to meet maximum day demand 
(MDD). The supply used for this calculation assumes that 10 percent of the 
groundwater production capacity is out of service for maintenance or other issues. For 
the Chico-Hamilton City District, the Operational Storage Credit equals 50 percent of 
the difference between the firm groundwater pumping capacity and a maximum day 
demand (MDD). The estimated Operational Storage Credit is based on the Chico-
Hamilton City District’s peaking factors (MDD = 1.5 and PHD = 3.0) and can vary 
between Cal Water Districts. The minimum credit is equal to zero, and the maximum 
credit is equal to the recommended operational storage capacity or 25 percent of a 
maximum day demand. 

Total Storage Capacity  

The Chico-Hamilton City District’s water storage capacity should be the sum of the following 
components: 
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• Operational: Volume of water necessary to meet diurnal peaks observed throughout 
the day, usually designed to be equivalent to at least 25 percent of the maximum day 
demand 

• Fire Flow: Volume of water necessary to provide the maximum fire flow in the service 
area multiplied by the duration the flow rate that must be maintained  

• Emergency: Volume of water necessary to provide an average day demand 

• Emergency Storage Credit: Equal to the groundwater supply of potable water that can 
be reliably accessed (wells are equipped with auxiliary power) 

• Operational Storage Credit: Equal to 50 percent of the difference between the firm 
groundwater pumping capacity and a maximum day demand 

The amount of total system storage and system peaking capacity required to meet these criteria 
will change over time as the Chico-Hamilton City District continues to grow and demands 
increase.  

WATER TRANSMISSION AND DISTRIBUTION PIPELINE SIZING 

The following criteria are to be used as guidelines for new transmission and distribution pipeline 
sizing. The Chico-Hamilton City District’s existing system will be evaluated on a case–by-case 
basis. For example, if an existing pipeline experiences head loss in excess of the criteria described 
below during a maximum day plus fire flow event, this condition, by itself, does not necessarily 
indicate a problem as long as the minimum pressure criterion is satisfied.  

Although these criteria and guidelines have been established, and will be used to size new 
pipelines, the Chico-Hamilton City District’s existing system will be evaluated using pressure as 
the primary criterion; and secondary criteria, such as velocity, head loss, age, and material type, 
will be used as indicators for where water system improvements may be needed. 

Water Transmission System 

Transmission pipelines are generally 18 inches in diameter or larger, and should be designed 
based on the criteria described below for average day, maximum day plus fire flow, and peak 
hour demand conditions. The criteria reflect industry standards and WYA’s experience working 
with the Chico-Hamilton City District’s existing water system. 

Average Day Demand 

• Pressures should be maintained between a maximum of 125 psi and a minimum of 
50 psi. 

• Maximum velocity within transmission pipelines should be 3 feet per second (fps). 
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Maximum Day Demand 

• The minimum allowable service pressure should be 40 psi. 

• The maximum velocity within the transmission system pipelines should be 5 fps. 

• Head losses within the transmission system pipelines should be limited to 3 ft/kft of 
pipeline. 

Peak Hour Demand 

• The minimum allowable service pressure should be 40 psi. 

• The maximum velocity within the transmission system pipelines should be 5 fps. 

• Head losses within the transmission system pipelines should be limited to 3 ft/kft of 
pipeline. 

Water Distribution System 

Distribution pipelines are generally less than 18 inches in diameter, and should be sized based on 
the criteria described below for average day, maximum day plus fire flow, and peak hour demand 
conditions. The criteria reflect industry standards and WYA’s experience working with the 
Chico-Hamilton City District’s existing water system. 

Average Day Demand 

• Pressures should be maintained between a maximum of 125 psi and a minimum of 
50 psi. 

• The maximum velocity within distribution system pipelines should be 3 to 5 fps. 

Maximum Day Demand plus Fire Flow 

• The minimum allowable residual pressure should be 20 psi at the flowing fire hydrant. 

• The maximum velocity within the distribution system pipelines should be 10 fps. 

• Head losses within the distribution system pipelines should be limited to 10 ft/kft of 
pipeline. 

Peak Hour Demand 

• The minimum allowable service pressure should be 40 psi. 

• The maximum velocity within the distribution system pipelines should be 7 fps. 

• Head losses within the distribution system pipelines should be limited to 10 ft/kft of 
pipeline.

Public Version



California Water Service Company
Chico-Hamilton City District

Water Supply & Facilities Master Plan
May 2008

Chapter 6:  Hydraulic Model

Chapter Highlights:

In the development of Cal Water’s Chico-Hamilton City District hydraulic network model, 
WYA completed the following steps:

Used Cal Water’s existing water distribution system maps (exported from Cal Water’s 
GIS) and existing digital water distribution maps in AutoCAD to create and update the 
hydraulic model:
Verified that the hydraulic model system configuration (pipeline sizes, alignments, 
connections, and other facility sizes and locations) was representative of the current Cal 
Water Chico-Hamilton City District water system.
Allocated existing water demands by using Cal Water’s geocoded meter information to 
properly distribute demands within the hydraulic model.
Calibrated Cal Water’s water system hydraulic model to simulate pressures and flows 
observed in the field.

The water distribution model was then calibrated and verified using pressure and flow data 
observed in the field during July 2006:

Twenty-two hydrant flow tests were conducted in the field on July 19 and July 20, 2006
WYA collected SCADA data, both in electronic and circular chart format, on flows, 
tank levels and pump discharge pressures for each of the Cal Water stations during the 
period from July 10 2006 to July 25, 2006
Twenty hydrant pressure recorders recorded pressures at 36 different locations 
throughout Cal Water’s Chico-Hamilton City District from July 11 2006, to July 25, 
2006.
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CHAPTER 6. HYDRAULIC MODEL 

This chapter describes the development, calibration and verification of Cal Water’s Chico-
Hamilton City District water system hydraulic models. 

To develop these two network models, WYA completed the following steps: 

• Used Cal Water’s existing water distribution system maps (exported from Cal Water’s 
geographical information system (GIS)) and existing digital water distribution maps in 
AutoCAD to create the hydraulic model. 

• Verified that the hydraulic model system configuration (pipeline sizes, alignments, 
connections, and other facility sizes and locations) was representative of Cal Water’s 
current Chico-Hamilton City District water system. 

• Allocated existing water demands by using Cal Water’s geocoded meter information 
and land use to properly distribute demands within the hydraulic model. 

• Calibrated Cal Water’s water system hydraulic model to simulate pressures and flows 
observed in the field. 

To accomplish these tasks, WYA worked closely with Cal Water’s Engineering and Operations 
staff to obtain and review: 

• Available operational information regarding existing transmission mains, storage 
tanks, groundwater wells, pump stations and other water facilities, 

• As-built drawings and maps detailing each facility and older sections of the system to 
confirm pipeline sizes, material type, age, locations and alignments, and configuration 
into the distribution system, and 

• Land use and available meter data. 

The water distribution models were then calibrated and verified using pressure and flow data 
observed in the field during July 2006. The model development, calibration, and verification are 
described below. 

DEVELOPMENT OF THE HYDRAULIC MODEL 

WYA developed hydraulic models of Cal Water’s Chico-Hamilton City District potable water 
system using a series of steps that included the following: 

• Description of the Model and Element Definition 

• Pipelines, Nodes, and Junctions Imported into H2OMAP 

• Roughness Factors Assigned in H2OMAP 

• Accounts Geocoded in GIS 
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• Water Demands Allocated in H2OMAP 

• Elevations Allocated in H2OMAP 

• Pipelines Skeletonized in H2OMAP 

• Incorporating Station Elements in H2OMAP 

• Naming Scheme Used in H2OMAP 

Each of these steps is discussed in more detail below. 

Description of the Model and Element Definition 

MWHSoft’s H2OMAP was the hydraulic modeling software used to represent Cal Water’s water 
system in the District. This computer simulation model transforms information about the physical 
system into a mathematical model that solves for various flow conditions, and for each set of 
specified demands. The computer model then generates information on pressure, flow, velocity 
and head loss that is used to analyze the system performance and identify system deficiencies. 
The model can also be used to verify the adequacy of recommended or proposed system 
improvements. 

The hydraulic model itself is actually represented by a skeletonized network of nodes (e.g., 
location of a tank, location where pressure is monitored), and node-connecting elements (e.g., 
pipes). However, because nodes are representative of actual facilities (e.g., tanks, pump stations, 
or wells) and physical locations, a definition of each element was created during the development 
of the hydraulic model. The description of nodes and node-connecting elements, as used in the 
development of the District models, is described as follows: 

Node: Nodes, as defined for the District models, represent a transition in pipeline characteristic 
(e.g., diameter) or a point in the system where pressure or water quality is monitored. Elevation 
and physical facility location were the data requirements for nodes in the District models. 

Junction: Junctions, as defined for the District models, represent a location where water is added 
(inflow) or subtracted (water demands) from the system. The demand at each junction, in addition 
to elevation and location, were the data requirements. 

Pipe: Pipes (i.e., links), as defined for the District models, represent facilities that convey water 
from one point in the system to another, and were used to represent pipelines or check valves in 
the model. Diameter, from/to node or junction, and pipeline roughness factor were the input data 
required. 

Reservoir: Reservoirs, as defined in the District models, represent external sources of water for 
the model (e.g., groundwater basin, lake, or treatment plant), and remain at a constant level 
irrespective of the flow unless they are specified as variable-head reservoirs. Reservoirs were 
used to represent the groundwater wells in the Chico-Hamilton City District models. Location, 
water service elevation, and nominal pressure were the data inputs to the District models. 
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Tank: Tanks, as defined for the District models, are distinguished from reservoirs by having a 
known finite volume and water surface elevations that change with time as water flows into or out 
of them. This element was used to represent Cal Water’s storage tanks. Diameter, bottom 
elevation, overflow elevation, and location were the input data required. 

Pump: Pumps, as defined for the District models, represent locations in the model where the 
hydraulic grade line is raised to overcome elevation differences and friction losses, and were used 
to represent pump stations. Elevation, diameter, number of pumps, pump test results, pump 
curves, and sequencing were the input data required. 

Pipelines, Nodes, and Junctions Imported into H2OMAP 

Cal Water staff provided WYA with a GIS geodatabase file containing the geospatial location of 
existing pipelines, fittings, system valves, and control valves for both the Chico and Hamilton 
water systems. The geodatabase layer of the existing water pipelines did not include “from” and 
“to” nodes (i.e., points designating the beginning and end of the pipeline); consequently, WYA 
used Cal Water’s existing fittings, system valves, and control valves as the beginning and end-
points (from and to nodes) of the existing pipelines. 

Using WYA’s GIS system, the actual points as identified in the fittings, system valves, and 
control valve layers of the geodatabase that intersected existing pipelines (as identified in the 
pressurized main layer) were identified and imported into H2OMAP. WYA then assigned the 
from and to nodes of the existing lines as a point from either the fittings, system valves, or control 
valves layer using the “fix network connectivity” feature of H2OMAP. The “fix network 
connectivity” feature assigned the from and to node based on the actual point from either the 
fittings, system valves, or control valves layer that corresponded with the beginning and end of 
the existing pipeline; all other points not used as a from or to node were subsequently removed 
from the model. This was completed for both the Chico and Hamilton City hydraulic models. 

Roughness Factors Assigned in H2OMAP 

The original geodatabase layer for existing pipelines did not include roughness factors, but did 
include material type, an attribute that can be used as a surrogate for roughness factors. 
Consequently, WYA assigned a preliminary roughness factor (i.e., C-factor), based on extensive 
experience and professional judgment, to each pipeline using its material type as a surrogate in 
model. Table 6-1 presents the preliminary C-factors assigned to each of the twenty-two different 
material types within Cal Water’s Chico-Hamilton City District water system. These C-factors 
were then validated during calibration of the hydraulic model (see subsequent sections below). 
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Table 6-1. Preliminary C-Factors Assigned in the Model 

  C-factor Used 
Pipeline Material 

Acronym(a) 
Assumed 

Pipeline Material Type ≤ 8-inches > 8-inches 
AC Asbestos Cement 130 140 
CI Cast Iron 110 120 
CICL Cast Iron Cement Lined 120 130 
CL Cement Lined 120 130 
CL&C Cement Lined & Coated 120 130 
CML&C Cement Mortar Lined & Coated 120 130 
DI Ductile Iron 130 140 
OD Concrete 110 120 
PVC Polyvinyl Chloride 140 150 
SS Standard Steel 120 130 
STD STL Standard Steel 120 130 
STL Steel 120 130 
STL & CL Steel & Cement Lined 120 130 
STL CL&C Steel Cement Lined & Coated 120 130 
Steel Concrete Line  120 130 
RCP Reinforced Concrete Pipe 120 130 
WS Welded Steel 120 130 
CL&C WSP Cement Lined & Coated Welded 

Steel Pipe 
120 130 

CML&C WSP Cement Mortar Lined & Coated 
Welded Steel 

120 130 

D&W Coated Steel 120 130 
TRANS Transite 120 130 
WI Wrought Iron 100 120 

(a) Acronym obtained from geodatabase layer PressurizedMain for the District 

Accounts Geocoded in GIS 

Cal Water provided WYA with a spreadsheet (CON CH_HC 20060227.xls) containing account 
data by address (including the zip code) and revenue class for each month of 2005. The data 
provided in the spreadsheet also included Residential-Flat accounts within the City of Chico (i.e., 
accounts that are not metered). Using this spreadsheet and special GIS street file maps, WYA 
then spatially located (i.e., geocoded) each of the water service accounts.  
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WYA was able to locate 97 percent (25,135 out of 25,845 accounts) of the total number of 
accounts present in the demand spreadsheet provided, which included both metered and flat 
accounts. This represented approximately 96 percent of the total “metered” water demand within 
the City of Chico. The percentage of accounts that could be geocoded within Hamilton City was 
less than 60 percent because the accounts were not in the spreadsheet provided or sufficient GIS 
street data was not readily available to use in the allocation. As will be discussed below, existing 
water demands for Hamilton City were allocated into the hydraulic model using existing land use 
data. 

The remaining accounts in the City of Chico were either irrigation meters located in areas that did 
not have an address, construction meters without proper addresses, or located in new 
developments whose streets were not yet available in the GIS street maps. Table 6-2 below 
presents the geocoding results for the City of Chico. 

Table 6-2. Geocoding Results for the City of Chico 

Category Number of Accounts 
Total “Metered” 

Demand, afa 
Average Day 
Demand, gpm 

Actual(a) 25,845 16,197 10,041 
Geocoded(b) 25,135 15,477 9,595 

Percent of Actual 97% 96% 96% 
(a) Data obtained from “CON CH_HC 20060227.xls” provided by Cal Water at March 30, 2006, kick-off 

meeting, and does not include unaccounted-for water 
(b) Based on WYA’s GIS 

Figure 6-1 compares the geocoded water demand data with existing pipelines imported into 
H2OMAP for the City of Chico. As shown on Figure 6-1, all areas with geocoded meters also had 
an existing pipeline, indicating that the geodatabase layer used as the basis for the hydraulic 
model appears to have contained all existing pipelines.  

Additionally, through the geocoding process, WYA was able locate 99 percent of the Residential-
Flat customers within the City of Chico; however, each of these spatially located services did not 
have an associated water demand for 2005. Consequently, water demands for Residential-Flat 
customers were aggregately assigned to each customer as the ratio of the total water use (as 
estimated in Chapter 3) by the total number of accounts.  

Water Demands Allocated in H2OMAP 

WYA prefers to allocate water demands before skeletonizing the hydraulic model (i.e., reduce the 
number of pipelines) so that nodes with large demands (usually greater than 5 gpm) remain in the 
model, helping to facilitate the calibration and verification process. Consequently, WYA 
allocated 2005 water demands into both hydraulic models before skeletonizing the pipelines. 
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For the City of Chico water system, actual “metered” water demands were allocated into the 
hydraulic model using the geocoded demand data developed in the previous section and the 
“Demand Allocation/Pro” module of H2OMAP (Allocation Module). The Allocation Module 
automatically assigned the geocoded demand point to the closest pipeline to its position in the 
system.  

For the Hamilton City water system, water demands were allocated into the hydraulic model 
using the existing land use map and unit demand factors previously presented in Chapter 3, and 
the Allocation Module. The Allocation Module uses GIS technology to allocate demands based 
upon a direct spatial intersection between demand categorization polygons (land use polygons) 
and the demand node area coverage polygons (Thiessen service area polygons). Table 6-3 
presents the water use demands that were allocated into the Hamilton City model.  

Table 6-3. Demand Allocation for Hamilton City 

Existing Land Use Area, acres Unit Factor/acre/yr Water Demand, af/yr 

Residential 131.8 3.0 395.5 
Commercial 27.5 3.8 104.4 
Government 36.7 1.7 62.4 

Total, af/yr -- -- 562.3 
Total, gpm -- -- 348.6 
 

Figure 6-2 illustrates the service area polygons that were created using the Thiessen Polygon 
generation capability provided by the Allocation Module. These features allowed WYA to 
automatically create a distinct service area polygon for each demand node. Thiessen polygons 
provide a means to divide an area into polygons by creating regions that bisect known points. 
These polygons typically signify the bounded region closest to each of the junction nodes. 

Additionally, WYA was able to allocate demands within both hydraulic models by revenue class 
designation, providing Cal Water additional flexibility in the model. For the City of Chico 
hydraulic model, WYA was also able to allocate water demands for the summer and winter 
season, providing Cal Water the ability to use the model for water quality analysis in the future; 
seasonal water demands could not be allocated into the Hamilton City hydraulic model because 
monthly water demands were not available.  

Consequently, three demand sets were incorporated into the hydraulic model for the City of Chico 
(Average Day, Summer, and Winter), each allocated into revenue classes, while one demand set 
was allocated by revenue classes into the hydraulic model for Hamilton City. Table 6-4 below 
presents the demand column assigned to each revenue class within both hydraulic models. 
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Table 6-4. Revenue Class Assignment 

Revenue Class Number(a) Revenue Class Description Demand Column in Model(b) 

1 Residential Metered 1 
2 Business Metered 2 
3 Industrial Metered 3 
7 Farm Irrigation Metered 4 

11 Public Authority Metered 5 
15 Multiple Residential Metered 6 
8 Other Sales & Svc 7 
4 Residential Flat 8 

12 Public Authority Flat 9 
(a) Data obtained from “CON CH_HC 20060227.xls” provided by Cal Water at March 30, 2006, kick-off 

meeting, and does not include unaccounted-for water 
(b) Column number corresponds to Demand # Column in Junction database in the H2OMAP Model. 

Elevations Allocated in H2OMAP 

Digital topology information for the District was extracted as a GIS shapefile using TopoDepot®, 
a software program WYA uses to determine preliminary elevations for assignment in the 
hydraulic models; certain service elevations (at the existing stations) were later confirmed during 
calibration. The shapefiles were then imported into the hydraulic models and service elevations 
were assigned to each node using H2OMAP’s Smart Topology feature. 

Pipelines Skeletonized in H2OMAP 

Once 2005 water demands and elevations were allocated into both models, and material types and 
diameters were confirmed, WYA skeletonized the hydraulic model for the City of Chico using 
H2OMAP’s Skeletonizer to reduce the number of pipelines. No pipes were skeletonized from the 
Hamilton City hydraulic model due to its small size. This feature of H2OMAP allowed WYA to 
eliminate excessive pipeline segmentation (series pipes) in the City of Chico by dissolving 
interior nodes based on material type and diameter, and maintaining nodes with demands larger 
than 5 gpm or elevation changes greater than 5 feet. In addition, WYA removed dead-end 
segments less than 300 feet in length.  

Figure 6-3 compares the City of Chico hydraulic model before and after skeletonization. As 
shown in Figure 6-3, the hydraulic model for the City of Chico was reduced from 15,543 pipes to 
7,794 pipes; providing Cal Water with a more streamlined hydraulic model. WYA also included 
attributes in the model database (original geodatabase layer and object ID) of both hydraulic 
models, allowing Cal Water GIS staff to leverage or integrate information into Cal Water’s GIS, 
although there is no specific GIS-to-Model dynamic link.  
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Incorporating Station Elements in H2OMAP 

After skeletonization of the pipelines, major system facilities (e.g., groundwater wells, pump 
stations, and storage tanks) were imported into both the Chico and Hamilton City models. Each of 
these facilities was entered into the models by hand based on actual construction or “as-built” 
drawings provided by Cal Water staff. 

Naming Scheme Used in H2OMAP 

Once the models were skeletonized and major facilities imported into the models, each model 
element was given a label, which was then used to identify the type of model element, the 
element’s purpose, and the element’s location. Assigning each model element a specific label 
allows the modeler to easily locate specific elements or more readily identify potential problems 
during the calibration and verification process.  

Based on WYA’s experience and discussion with Cal Water staff, the District models were 
populated using the naming scheme presented in Table 6-5. As shown in Table 6-5, the naming 
scheme utilized Cal Water’s existing labeling scheme for the District water system. 

HYDRAULIC MODEL CALIBRATION 

The hydraulic models for the District were calibrated to confirm that the computer simulation 
model can accurately represent the operation of the water distribution system under varying 
conditions. After refining/enhancing Cal Water’s hydraulic models, twenty-six locations were 
chosen in the City of Chico and two locations were chosen in Hamilton City for possible hydrant 
flow testing (see Figure 6-4). Associated pipeline C-factor evaluations were initially performed in 
the field on July 19 and July 20, 2006. Since no age information was available on these pipelines, 
selection of these hydrant test sites was based only on the size and material type of the pipelines 
involved in the tests. These tests were used to evaluate pipeline friction factors (C-factors) and to 
calibrate the models to ensure that both models closely represented actual observed pressure 
conditions in the field. 

Of the original 28 tests identified, 22 were preformed in the field and the remaining 6 were not 
performed due to location constraint identified by Cal Water staff. Each test involved flowing 
water through pipelines of a particular size and material type, and measuring the pressure drops 
along the pipelines to determine friction losses. The test procedure consisted of monitoring 
discharge and pressure at the key flowing hydrant, and pressures at other hydrants along the 
supply routes to that key hydrant. Static pressures were measured while the key hydrant was 
closed, and residual pressures were measured while the key hydrant was flowing. 
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C-factor Test Results 

Prior to any model runs, each pipeline was assigned a preliminary C-factor based on the pipeline 
size and material type as presented in Table 6-1. The assigned C-factor in the hydraulic model 
reflects observed field conditions. 

Pipelines in the Cal Water water system in the City of Chico range in size from 2-inches to 14-
inches in diameter, and pipelines in Hamilton City range in size from 3-inches to 8-inches in 
diameter. Five major pipeline materials in both Chico and Hamilton City of the Cal Water water 
system include AC, CI, DI, PVC, and Steel. Other pipeline materials as listed on Table 6-1 are 
also found in the Cal Water water system. Using the District models of the Cal Water water 
system, each hydrant flow test was simulated. Results were compared to the field data to 
determine the accuracy of the models. The differences between observed static and residual 
pressures for the field hydrant test, compared to readings predicted by the models, were 
calculated. The goal of the calibration effort was to achieve no greater than a 5 pounds per square 
inch (psi) differential between the field hydrant test data and predicted model results. The C-
factor tests resulted in a calibrated model C-factors range from 100 to 150, except for the steel 
pipeline in Hamilton City. The calibrated model C-factor for this pipeline type is 30. 

The results of this initial hydraulic model C-factor tests generally validated the system pipeline 
configuration and confirmed the assumed C-factors in Table 6-1. The average differentials 
between those pressures observed in the field and those predicted by the model were within 
±5 psi.  

The number and spatially distributed hydrant flow test locations provided varied conditions to test 
the accuracy of the hydraulic model to simulate the operation of existing water facilities. The 
results of the calibration runs from the remaining hydrant tests indicated that the model simulated 
the Cal Water water system with a high level of accuracy and was able to match field-observed 
pressures and flows. 

The detailed results of individual calibration tests are provided in Appendix L. 

Diurnal Curve Development 

WYA collected SCADA data, both in electronic and circular chart format, on flows, tank levels 
and pump discharge pressures for each of the Cal Water stations during the period from July 10 to 
July 25, 2006. 

To add the time variable to Cal Water’s Chico-Hamilton City District models and create a true 
extended period simulation (EPS) model to compare to the collected SCADA data, WYA 
developed realistic diurnal patterns for each of Cal Water’s pressure zones. To create this diurnal 
pattern, hourly production data from all of Cal Water’s pump stations, wells and tanks were 
summed using individual SCADA flow recordings to represent total demand in Cal Water’s 
Chico-Hamilton City District water system over 48-consecutive hours for each of the five (5) 
pressure zones in the City of Chico, and 1 pressure zone in Hamilton City as indicated on 
Table 6-6. The resulting diurnal pattern is provided in Appendix D. By using this pattern, the 
model can more accurately represent fluctuations in demand over the indicated time period. 
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Table 6-6. Demand Diurnal Dates 

 Diurnal Pattern 

Chico Diurnals 
Pressure Zone 350 
Pressure Zones 400, 475, 635 and 795 

 
July 20 to July 21, 2006 
July 12 to July 13, 2006 

Hamilton City Diurnal July 12 to July 13, 2006 
 

However, in order to develop these patterns, certain assumptions were required. Most of these 
assumptions were made due to discrepancies of flow data from Cal Water’s stations. Tables 6-7 
and 6-8 provide a summary of the available data for facilities in the City of Chico and facilities in 
Hamilton City, respectively. The data, either electronic or hard copy circular charts, was available 
to develop the diurnal curves for each pressure zone. As presented in Table 6-7, facilities located 
at higher pressure zones in the City of Chico lacked information on flows entering/leaving their 
stations. In a majority of the stations, the flows from the booster pump stations were required to 
be estimated based on the change in level of the tank supplying the pump stations. Since some of 
the booster pump stations can be supplied from either the tanks or the pressure zone filling the 
tanks, there could be some discrepancies in the assumed flow through each booster pump. The 
following paragraphs provide the methodology used in the development of each diurnal curve for 
each pressure zone. 

Chico Pressure Zone 350  

Pressure Zone 350 is predominately supplied water from groundwater wells. There are three 
stations, including Stations 1, 3 and 8 which have elevated tanks on site next to groundwater 
wells. These elevated tanks are not the source of supply for Pressure Zone 350. These stations are 
not operated under normal conditions, and the groundwater wells in these stations are part of the 
source of supply to Pressure Zone 350. Flow information for groundwater wells is available from 
either circular chart or SCADA. The circular charts for Stations 47, 48, 51 and 52 indicate that the 
pen on the chart recorder was drawing beyond the maximum flow range which is 950 gpm and 
1,000 gpm. There is no electronic SCADA information for these stations; assumptions had to be 
made to develop a flow number. Stations 30, 56 and 63 have circular chart data that is not 
calibrated to zero; so assumptions have to be made to obtain the more accurate flow. Flow 
information for Stations 28 and 38 which were obtained from the Cal Water SCADA system was 
found to be 2.5 and 10 times higher than the circular chart. Per discussion with Cal Water staff, 
the SCADA information for these stations is not accurate (SCADA readings are higher than 
telemetry chart), and the circular chart should be used to obtain the more accurate flow to 
represent supplies from these stations. 
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Pressure Zone 350 could be supplemented by Pressure Zone 475 through PRV stations located on 
Manzanita Avenue and Hooker Oak Avenue. These PRVs did not have flow measurement device, 
therefore, the amount of flow through these PRVs were estimated based on available flow in 
Pressure Zone 475 and the size of PRV.  

Figure 6-B-1 presents the hourly flow rate that is being used by Pressure Zone 350. 

Chico Pressure Zone 400 

Pressure Zone 400 is a small pressure zone which is served from Stations 44 and 64. These 
stations are groundwater wells with hydropneumatic (pressurized) tanks. Flow information is 
available from both groundwater wells. There is no information available from hydropneumatic 
tanks; therefore, flow information from groundwater wells was used to develop the diurnal curve 
for this pressure zone. Figure 6-B-2 presents the hourly flow rate that is being used by Pressure 
Zone 400. 

Chico Pressure Zone 475  

Pressure Zone 475 encompasses two areas which are not physically connected. The first area is 
located north of Eaton Road which is only served from Station 72. Flow information is available 
from the SCADA system. The second area is located east of Pressure Zone 350. This is the largest 
coverage area for Pressure Zone 475. This area is served from groundwater wells including 
Stations 50, 65, 67 and 70, and is also served by gravity from storage tanks through an altitude 
valve located at Station 66. Flow information is available for all groundwater wells from either 
the SCADA system or circular chart. There is no flow information available at Station 66, except 
for tank level and discharge/system pressure. There are two Booster Pump Stations (BPS) at 
Station 66. BPS 66 A and B is used to deliver water from Pressure Zone 475 to Pressure Zone 
635. BPS 66 C and D is used to boost water from Pressure Zone 475 to Pressure Zone 795. 
Station 66 also floats off Pressure Zone 475. Since there is no flow information available for the 
booster pumps; consequently, there is no way to calculate the amount of flow from storage tanks 
at Station 66 to Pressure Zones 475, 635 and 795. Assumptions have to be made to obtain flow 
from Station 66 to Pressure Zones 475, 635 and 795. Any flow supplied by the tank (drawdown) 
was assumed to be pumped through the booster pumps into Pressure Zones 635 and 795, and to 
be supplied to Pressure Zone 475. The hourly flows from booster pumps at Station 66 to Pressure 
Zones 635 and 795 were assumed based on the operating condition and the system pressure trends 
from SCADA and circular charts. The remaining flow supplied by the tank (drawdown) after 
subtracting the pumped flow was assumed to be the flow into Pressure Zone 475.  As described in 
Pressure Zone 350, two PRVs located on Manzanita Avenue and Hooker Oak Avenue provide 
water from Pressure Zone 475 to Pressure Zone 350. The amount of water conveyed from 
Pressure Zone 475 to Pressure Zone 350 is unknown, and has to be estimated based on the 
available supply in Pressure Zone 475 and the size of valve at the PRV station. 

Figure 6-B-3 presents the hourly flow rate that is being used by Pressure Zone 475. 
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Chico Pressure Zone 635  

As previously described, Pressure Zone 635 is served from BPS 66 A and B; it is also served 
from Station 73 A and B, and Station 74. Flow information is available for all stations, except 
Station 66 A and B. As previously described, flow from Station 66 A and B was assumed based 
on the operating conditions and the system pressure trends from SCADA and circular charts. 
Figure 6-B-4 presents the hourly flow rate that is being used by Pressure Zone 635. 

Chico Pressure Zone 795 

Pressure Zone 795 is relatively small and the flow data from Station 66 C and D is not available; 
consequently, assumptions have to be made to develop the diurnal for this pressure zone. The 
flow supplied by the tank (drawdown) and the operation condition based on the SCADA and 
circular charts from Station 66 were used to estimate the hourly flow rate supplied into Pressure 
Zone 795 at Station 66 C and D (see Figure 6-B-5). 

Hamilton City Pressure Zone 

The Cal Water Hamilton City system is served by Stations 1, 2-1 and 2-2. Groundwater wells are 
the only supply in Hamilton City. Flow data are available from SCADA only. There is no tank 
level data for the elevated storage tank at Station 1. According to Cal Water staff, the elevated 
tank is not directly used to supply flow to Hamilton City. The hourly flow in Hamilton City is 
based on flow pumped at Stations 1, 2-1 and 2-2. Figure 6-B-6 presents the hourly flow rate that 
is being used by Pressure Zone 730. 

HYDRAULIC MODEL VERIFICATION 

Verifying that a model replicates field conditions requires thorough knowledge of how the system 
performs over a wide range of operating conditions. To ensure that the hydraulic model was 
correctly configured and capable of producing results that are consistent with those observed in 
the field, a verification process was carried out. Hydrant pressure recorders (HPRs) were used to 
record pressures in the field. The data was then compared with model-predicted pressures at the 
same system locations. Other pressure points monitored by Cal Water were also used in the 
verification process. The description of the verification process, and the results, are described 
below. 

Pressure Verification 

Twenty hydrant pressure recorders were placed in 36 different locations within Cal Water’s 
Chico-Hamilton City District water distribution system. Each HPR collected field-pressure data at 
a particular location for approximately one week (from July 11, 2006 to July 25, 2006). The 
locations were selected based on their proximity to the transmission mains and at extreme 
elevation (low and high) in each of Cal Water’s pressure zones. The HPRs were grouped into 2 
rotation cycles, and were moved weekly from one group of pressure zones to the other. The first 
rotation cycle covered Cal Water’s 400, 475, 635 and 795 Pressure Zones in the City of Chico, 
and Hamilton City. The second rotation covered Cal Water’s 350 Pressure Zone in the City of 
Chico. Figure 6-5 shows the overall locations of each HPR by monitoring group. 
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Following the integration of the diurnal patterns into the hydraulic model, an EPS modeling run 
was performed and the resulting pressures at each of the HPRs, and the flow and pressure of 
pump stations were graphed. To verify whether Cal Water’s Chico-Hamilton City District 
hydraulic models were accurately predicting flow, model-predicted pressures and tank levels 
were compared to actual field data.  

Verification Result 

Due to the complexity of Cal Water’s distribution system, the verification process was grouped 
into six service areas based on pressure zones. These service areas are Pressure Zones 350, 400, 
475, 635, 795, and Hamilton City. 

Graphs of representative comparisons between model-predicted and field-observed pressures and 
flow are provided in Figures 6-6 through 6-21. Individual graphs of facility comparisons between 
model-predicted and field-observed pressures and levels are provided in Appendix M. 

The results of each of the service areas are further described below. 

Pressure Zone 350 

Groundwater wells are the only supply to Cal Water’s Pressure Zone 350. Verification results in 
this pressure zone indicate that model-simulated pump station flow and pressure comparisons at 
each of Cal Water’s Pressure Zone 350 stations are similar to the recorded SCADA or recorded 
telemetry chart station flow and pressure, as illustrated in Figures 6-6 through 6-10. Overall, both 
the model-simulated station flows and system pressure time varying trends track very closely with 
the recorded SCADA reading or recorded telemetry chart reading. Although trending well, as 
shown in all figures, the model-simulated pressure trends for all stations are as high as 
approximately 17 psi higher than the recorded readings on SCADA or the telemetry charts during 
the 3 a.m. to 9 a.m. period, during this two-day simulation period. This pressure differential was 
further evaluated by comparing the recorded flow readings. As previously discussed in the diurnal 
development section, there are four well stations (Stations 47, 48, 51, and 52) which have no 
electronic SCADA flow records; consequently, telemetry charts were used to establish flow from 
each station. As shown on Figure 6-10A, the data from the telemetry charts clearly show that the 
scales on these charts are not appropriate to capture the peak system demands. These telemetry 
charts show that flows at these stations “pegged-out” on the chart recorder at a flow of 
approximately 1,000 gpm (actual flows were probably higher). These stations have the physical 
ability to deliver more than 1,000 gpm; however, Cal Water’s telemetry charts are only able to 
record up to 1,000 gpm. WYA used this maximum recorded flow of 1,000 gpm from the 
telemetry chart in our diurnal development, and then in the verification process. However, 
because these peak system flows have been probably underestimated at these stations, the model-
simulated pressures are not as low as recorded by electronic SCADA or telemetry chart, leading 
to the observed larger pressure differential during peak demand period. WYA recommends that 
Cal Water verify the telemetry charts range on Stations 47, 48, 51, and 52. 

The pressure recorder comparisons for simulated pressure and recorded field pressure readings 
trend closely as shown in Figure 6-11. Figure 6-11 also indicates that simulated pressures at 3 
a.m. to 9 a.m. in the morning for a two-day simulation period were higher than the recorded field 
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pressure readings as discussed above. This pressure discrepancy is probably the result of the 
underestimation of peak flows by some of Cal Water’s telemetry chart recorders, which were 
used in the flow assumption establishing the diurnal curve development as discussed above.  

Pressure Zone 400 

Cal Water’s Stations 44 and 64 are the main supply to Pressure Zone 400. Results of Cal Water’s 
station verification in this pressure zone are illustrated in Figures 6-12 and 6-13. During the 
verification period, Station 64 was the only groundwater well that was operating to supply water 
to this pressure zone. The model-simulated flow comparison is similar to the recorded SCADA. 
The simulated downstream pressure of Stations 44 and 64 trends exactly with recorded SCADA 
readings.  

As illustrated in Figure 6-13, the simulated pressure for the pressure recorder in this pressure zone 
trends closely to the recorded field pressure reading. This result indicates that the demand in this 
pressure zone is properly allocated. 

Pressure Zone 475 

The main supplies to Pressure Zone 475 are Stations 50, 65, 66 (from two storage tanks), 67, 70 
and 72. All Cal Water Stations in this pressure zone have hydropneumatic tanks, except 
Station 67. This pressure zone also supplies Pressure Zone 635 through BPS 66 A and B, and 
Station 73.  

The results of the verification in this pressure zone indicate that the model-simulated pressure 
comparison can not replicate the recorded SCADA or recorded telemetry chart pressure (see 
Figures 6-14 and 6-15) when hydropneumatic tanks are included in the verification process. The 
operating condition (high and low pressure condition) of the hydropneumatic tanks for Stations 
50, 65, 70 and 72 were estimated from the chart pressure readings during the verification period. 
To verify the configuration and the demand allocation of this pressure zone, another verification 
method was simulated in the model. This method did not include the hydropneumatic tanks, and 
verification results indicate that the model-simulated pressure comparison is similar to the 
recorded SCADA or recorded telemetry chart pressure. The trend follows closely with the 
recorded SCADA reading or recorded telemetry chart reading.  

As illustrated in Figure 6-16, the overall simulated pressure for pressure recorders is similar to the 
field pressure reading, except recorder B-2 which is located at Hancock Drive. This area is in 
Pressure Zone 475, but it is not physically connected to the other Pressure Zone 475 area. This 
area is served through Station 72. There are two valves which connect Pressure Zone 475 to 
Pressure Zone 350. The type of valves is sustaining and/or reducing valves which are assumed to 
have various flows over 48-hours during the verification process. WYA believes that this pressure 
issue is not related to demand allocation, but it is related to flow through these sustaining and/or 
reducing valves. Our rationale for this is that the simulated pressure trend follows closely to the 
recorded field pressure reading. WYA recommends Cal Water confirm the condition of these 
valves during the verification period. In addition, due to inadequate flow information regarding 
the flow quantities being conveyed by gravity to this pressure zone (and being pumped into the 
other two zones this station serves), and the flow splits that WYA had to assume due to this lack 
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of data, there is discrepancy between the model-predicted pressure and the field-recorded 
pressure.  

Pressure Zone 635 

Cal Water’s Pressure Zone 635 is supplied through Stations 66, 73 and 74. This pressure zone 
also supplies Pressure Zone 795 through BPS 66 C and D. 

The verification result in this pressure zone indicates that the model-simulated flow rate 
comparison is similar to the recorded SCADA or recorded telemetry chart flow rate (see 
Figure 6-17). The trend follows closely with the recorded SCADA reading or recorded telemetry 
chart reading.  

As illustrated in Figure 6-18, the simulated pressures for the pressure recorders in this pressure 
zone also trend closely to the recorded field pressure readings. These results indicate that the 
demand in this pressure zone is properly allocated. 

Pressure Zone 795 

Cal Water’s Pressure Zone 795 is supplied through BPS 66 C and D. 

The verification results for Pressure Zone 795 indicate that the model-simulated flow rate 
comparison is consistent to the recorded SCADA or recorded telemetry chart flow rate (see 
Figures 6-19).  

Figure 6-18 shows that the simulated pressure for the HPR in Pressure Zone 795 trends closely to 
the recorded field pressure reading. This result indicates that the demand in this pressure zone is 
properly allocated, and the estimated flow through BPS 66 C and D in diurnal development is 
appropriate.  

Hamilton City 

Cal Water’s Hamilton City system is supplied through Stations 1 and 2. Station 1 has an elevated 
tank which is not used as a normal operational facility, and it is not included in the verification 
process. Station 2 has two groundwater wells on the site.  

The verification results for Hamilton City indicate that the model-simulated flow rate comparison 
is consistent to the recorded SCADA or recorded telemetry chart flow rate (see Figure 6-20).  

Figure 6-21 shows that the simulated pressure for the HPR in Pressure Zone 795 trends closely to 
the recorded field pressure reading. This result indicates that the demand in this pressure zone is 
properly allocated.  

Verification Findings and Conclusions 

Overall, the results from the hydraulic model verification process validated the system 
configuration and demand allocation. However, based on the lack of accurate SCADA 
information from the District’s facilities, it was impossible to refine the verification results. Pump 

Public Version



  Chapter 6. Hydraulic Model 

 

May 2008 6-19 California Water Service Company 
o:\c\436\02-06-03\wp\mp\060106Ch6  Chico-Hamilton City District 
  Water Supply and Facilities Master Plan 

station flow rate comparisons at each of Cal Water’s operated facilities trended accurately for 
both SCADA and field readings. Comparisons of HPR and model-simulated data trended well. 
Most of the trends, though not exact, follow closely with the recorded HPR pressures. It is our 
recommendation that Cal Water continue to update/verify pipeline system configurations in the 
model as new facilities are constructed. It is also recommended to calibrate and confirm that the 
SCADA system is tracking good system information.  

Based on the results of our verification, it can be concluded that the model provides an accurate 
operational representation of Cal Water’s Chico-Hamilton City District water distribution system, 
and is more than adequate for use as a planning and operational tool.  

 

Public Version



!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!( !( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(!(

!(

!(

!(

!( !(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!( !(

!(

!(
!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(
!(!(

!(!(!(!(!( !(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!( !(

!(!(

!(!(

!(!( !(

!(

!(!(

!(

!(!(!(

!(

!( !(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!( !(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(!(!( !(!(

!(

!(!(!(

!(!(
!(

!(!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(!(!(!(!(

!(!(

!(

!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(!(!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(!(!(!(!(!(!(

!(

!(

!(
!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!( !(
!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(
!(!(!(!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(!(

!(

!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(!(!(!(!(!(!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!( !(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(!( !(

!(
!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(!(

!(

!(
!(!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(
!(
!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(
!(

!(!(!(!(

!(

!(

!(

!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(!(!(!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(
!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(
!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(!(!(!(

!(!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(!(!(

!(

!(
!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!( !(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(
!(

!(

!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(!(

!( !(

!( !(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!( !(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(!(

!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!( !(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!( !(

!(

!(!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!( !(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(
!(

!(
!( !(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!( !(

!(

!(
!(

!(
!(

!(

!(
!(

!( !(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!( !(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(!(!(!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(!(!(!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(

!(

!(
!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(!(

!(!(!(!(!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(
!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!( !(

!(
!(!(

!(!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(
!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(!(!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(!( !(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!( !(

!(

!(

!(
!(

!(!(
!(

!(

!(!(!(!( !(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!( !(

!(

!(

!(
!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(!(!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(
!(

!(

!(

!(!(

!(

!(!(
!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(!(!(!(
!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(!(!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(!(!(!( !(!(!(

!(

!(

!(

!(

!(
!(!(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!( !(
!(

!(

!(

!(

!(
!(

!(

!(!( !(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(!(!(!(!(!(!(

!(!(

!(!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(!(

!(

!(!(!(

!(

!(

!(!(

!(!(!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(
!(

!(!(
!(!(

!(
!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!( !(!(!(!(!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(!(!(!(!(!(!(!(!(

!(

!(

!(
!(

!(
!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!( !(

!(

!(!(!(!(!(!(!(!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(!(
!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!( !(

!(

!(

!(

!(
!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(!( !(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(!(

!(
!(

!(

!(!(!(!(!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(!(!( !(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!( !(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!( !(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!( !(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(!(

!(

!(!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!( !(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!( !(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(!(

!(

!(

!(!(

!(

!(

!(
!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!( !(!(
!(!( !(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!( !(
!(!(

!(

!(

!(
!( !(

!(

!(
!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(
!(

!(

!(

!(!(!(

!(

!(!( !(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(!(!(!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(!(

!(!(!(

!(!(

!(

!(

!(

!(!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(!( !(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!( !(
!( !(

!(
!(

!(
!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(!(!(!(

!(

!(

!(

!(

!(!(

!(
!( !(

!(

!(

!( !(!(
!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(!(!(!(

!(

!(

!(

!(!(

!( !(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(!(

!(!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(!(
!( !(!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(!(

!(

!( !(!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(
!(

!(!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(!(!(!(!(!(!(

!(

!(!(!(

!(!(!(!(!(!(!(!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(!( !(!(

!(

!(

!(
!(

!(
!(

!(

!(!(

!(

!(

!(!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(
!( !(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!( !(

!(

!(!(
!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(
!(

!(

!( !(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!( !(

!(!(

!(
!(

!( !(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(
!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(!(

!(

!(

!(

!(
!(

!(!( !(

!(

!(

!(!(

!(

!(!(

!( !(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!( !(

!(!(!(

!(!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!( !(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!( !(!(

!(

!(

!(

!(

!(!(

!(
!(

!(
!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(!(!(

!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!( !(

!(

!( !(!(!(

!(
!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(
!(

!(
!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(!(

!(
!(

!(!( !(!(!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!( !(!(
!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(
!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(

!( !(

!(

!(

!(
!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(!(

!(!(

!(

!(

!(

!( !( !(

!(

!(

!(

!(

!( !(!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(!(

!(

!(

!(!(!(!(!(!(!(!(

!(

!(

!(!(!(!(

!(
!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!( !(

!(
!(

!(

!(

!(!( !(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(
!(

!(!( !(!(
!( !(

!(!(

!(

!(

!(
!(

!(!( !(!( !(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(!(!(!(!(!(!(

!(!(!(!(

!( !(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(
!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!( !(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!( !(!(

!(

!(

!(

!( !(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!( !(!( !(!(!(!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(!( !(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(
!(

!(!(
!(!(

!(!(!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(!(!(
!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!( !(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!( !(
!(!(!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!( !(!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!( !(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(!(
!(

!(

!(
!(

!(

!( !(

!(

!(

!(
!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(
!(

!(

!(!(

!( !(

!(

!(

!(

!(

!(
!(!(

!(

!(!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!( !(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(
!(

!(

!(
!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(

!(

!(!(

!(!(!(!(!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(!(

!(!(!(

!(

!(

!(
!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(!(!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(
!(

!( !(

!(!(

!(

!(

!(!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!( !(

!(

!(

!(

!(

!(
!(
!(

!(

!(

!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!( !(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(
!(

!(

!(
!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(
!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(!(

!(
!(

!(
!( !(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(!( !(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(
!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(
!(

!(

!(!(

!(

!(!( !(
!(

!( !(
!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(!(

!(

!(!(

!(

!(

!( !(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(!(

!(

!(
!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(!(

!(

!(!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(!(!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(!(!(
!(!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(!(

!(

!(
!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(!(

!( !(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!( !(

!(

!(
!(

!(

!(

!(

!(

!( !(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(!(

!(!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(!(!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(
!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!( !(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!( !(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(!(

!(

!(!(!(

!(

!(
!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(!(!(!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(!(!(!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(
!(
!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(
!(
!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!( !(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(!(!(!(!(
!(!(!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(
!(

!(!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(!(!(!(!(!(!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(
!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(!(!(!(
!(

!(

!(

!(!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(!(

!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(!(

!(

!(

!(

!(

!( !(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(
!(
!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(!(!(!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!( !(

!(

!(

!( !(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!( !(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!( !(
!(

!(

!(

!(

!( !(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(
!( !(

!(!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!( !(!( !(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(
!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!( !(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!( !(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!( !(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!( !(!(

!(

!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!( !(

!(
!( !(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(!(

!(
!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!( !(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!( !(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(
!(

!( !(

!(

!(

!(

!( !(

!(

!( !(
!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(
!(

!(

!(

!(!(
!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!( !(

!(

!(

!(

!(!(

!(

!(

!(!(

!(
!(

!( !(

!(

!( !(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!( !(

!(!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!( !(

!(

!(!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(!( !(!(

!(

!(

!( !(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(!(!(!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!( !(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(
!(

!(

!(!(!(!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(!(

!(
!(

!(!(!(

!(!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(!(!(

!(

!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(
!(!(!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(!(!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(

!(!(!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(!(!(!(

!(!(!(!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(

!(

!(

!(!(

!(

!(!(!(!(!(!(!(!(!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

HWY 32

1ST

BELL

OAK

RIVER

NORD

M
ER

ID
IA

N

20TH

9TH

7T
H

H
IC

K
S

8TH

EATON

C
O

H
A

SS
ET

ESPLANADE

KEEFER

HUMBOLDT

5TH

HEGAN

M
U

IR

LASSEN

3R
D

DOE MILL

PARK

SACRAMENTO

DA
YT

O
N

CHICO RIVER
FAIR

UPPER PARK

EAST

M
IDW

AY

FO
R

E S
T

ANITA

GRAPE

IVY

G
A

R
N

ER

CHICO CANYON

11TH12TH

HONEY RUN

BAY

STILSON CANYON

CHICO

KENNEDY

CR
O

U
CH

SALEM

FL
O

R
A

L

C
ER

ES

LO
N

E 
PI

N
E

EDGAR

HW
Y 99

N
O

R
TH

GUYNN

PALM

PINE

N
O

TR
E 

D
A

M
E

18
TH

HENSHAW

SO
UT

HP
AR

K

ELK

WILSON LANDING

ALAMO

COSBY

SANTA RITA

BIDWELL

M
CIN

TO
SH

R
O

SE

MAIN

FILBERT

RODEO

BRUCE

M
ANGROVE

W
HI

TE

ENTLER

PI
ER

C
E

15
TH

HO
LLY

OASIS

PO
TT

ER

2ND

OAK PARK

WILDWOOD

SPRUCE

BROADWAY

RYAN

MANZANITA

SHERIDAN

SKYWAY

W
H

ITM
A

N

LUPIN

16
TH

YO
SEM

ITE

RODGERS

NORMAL

SHASTA

4TH

19TH

6TH

C

PALMETTO

LI
BE

RT
Y

TA
FF

EE

C
EA

N
O

TH
U

S

M
IL

LE
R

MOREHEAD

BURNAP

CENTENNIAL

SE
TH

GODMAN

LABURNUM

HOOKER O
AK

M
AGNOLIA

VI
SP

ER
A

K
ELSEY

INVADER

10TH

HENGST

M
A

R
IG

O
LD

WALNUT

VALLOMBROSA

CANYON OAKS

RE
AV

IS

MARIAN

FLUME

D
A

IR
Y

STANLEY

KATHY

LINDO

PICHOLINE

K. V.

CITRUS

MORROW

NEAL DOW

STEVENS

DUSTY

SPANISH GARDEN

QUADRA

ORANGE

C
A

C
TU

S

A
LB

ER
TO

N

22
ND

CHAYOTE

ES
TE

S

C
R

A
M

ER

JONES

EL M
O

N
TE

FIR

H
O

SL
ER

WOODLAND

PIPER

KIWI

KEITH

ALDER

SHERM
AN

D

RUTH

B

ANGELENA

ELM

MODOC

ES
TA

TE
S

SILVERBELL

G
U

ILL

M
A

R
IP

O
SA

LAKEWEST

MARYBILL RANCH

WELDING

BOEING

RIO LINDO

POPPY

FERN

MOSS

LO
N

G
ES

T

LILY

M
A

D
R

O
N

E

LI
A

OCEAN

ARBUTUS

SPEEDWAY

OUR

AUGUSTA

CEDAR

SPYGLASS

VIRGINIA

HUSS

DENALI

WEYMOUTH

DIAS

21
ST

SHARI

M
OYER

PILLSBURY

C
AT

H
ER

IN
E

LAZY S

MEYERS

CALI
FO

RNIA
 PA

RK

OTTERSON
ORCHARD

CHERRY

GREENW
ICH

SYCAMORE THORNTREE

ID
YLL

W
IL

D

GLENSHIRE

GARDEN BROOK

PANAMA

PENINSULA

CALISTOGA

SHADOWTREE

COYOTE

FA
IR

W
AY

OAK RANCH

TULIYANI

LEGACY

RALEY

O
W

EN
S

KILKARE

SUMMIT RIDGE

H
ER

EF
O

R
D

LU
C

Y

SPRINGFIELD

CARMACK WHITEWOOD

ZUNI

DALE

MCFADDEN

AIRPORT SERVICE

H
U

SA

ASH

LEGION

LIM
O

U
SIN

R
O

TH

CAMAS

HUDSON

BRYANT

D
O

N
A

LD

WINKLE

VIA MISSION

TODD

CLEVELAND

LINCOLN

ALLEY

ELLENE
CONNORS

MISSION RANCH

WEBB

B
O

SC

STEWART

MYRTLE

EARL

DIESEL

ALM BLUFFS

KITTYHAWK

SANDI

TA
LO

N

B
R

ID
LE

PRIVATE

SONGBIRD

B
A

R
 T

R
IA

N
G

LE

JO
Y

N
O

YO
POLK

CRISTER

VERDE

SOUTHGATE

TOKAY RANCH

W
ARNER

JASPER

EL VARANO

MEMORIAL

PARKHURST

SHORTHORN

TONEA

LILAC

EL
IT

E

SC
O

TT

CORONADO

B
U

SI
N

ES
S

AMANDA

NICHOLAS C SCHOUTEN

GRUMMAN

JO
NELL

LEXINGTON

M
AR

M
O

RE PO
M

O
NA

TROY

LEORA

D
U

FF
Y

NO
RT

H
G

RA
VE

S

JEAN

LOREN

LORI

W
ENDY

DIABLO

R
ITC

H
IE

MEIER

M
A

R
ITZA

G
IDEO

N

HAVEN

OAK RIDGE

NORTHRUP

EL
M

ER

PARSLEY

HEDSTROM

TERRACE

M
ONTICELLO

TRACY

HERON

CLARK

EASTBURG

R
ID

G
EB

R
O

O
K

ALOHA

BERRINGTON

PARQUE

REMINGTON

ALGONKIN

JETTA

RIDGEWOOD

PHENDX

RA
SH

W
IN

ES
A

P

IN
DI

GO

K
ESTR

ELEW
ING

RAM
SEY

BROOKSID
E

WILD OAK

LO
B

O

C
R

EE
K

A
R

B
O

R

ARCADIAN

SKYWAY

SKYWAY

NORD

LINDO

LINDO

1S
T

7TH

EATON

M
IL

LE
R

IVY

B
R

U
C

E

9TH
10TH

4T
H

3RD

4TH

1ST

MCINTOSH

OAK

8TH

12TH

LINDO

20
TH

FILBERT

COSBY

SKYW
AY

NORD

5T
H

HWY 32
MANZANITA

HW
Y 99

NOTRE DAME

HWY 99

EAST

LINDO

FIGURE 6-1

California Water Service Company
Chico - Hamilton City District Water Supply

and Facilities Master Plan
GEOCODED METERS

LEGEND:

0 1 20.5

Scale in Miles

Water Service Area
!( City of Chico-Geocode

Streets

Pipeline

NOTES:

O
:\c

\4
36

\0
2-

06
-0

3\
G

IS
\W

M
P

\C
ha

pt
er

 6
\F

ig
ur

e 
6-

1_
G

eo
C

od
e.

m
xd

Public Version



1st

6th

5th

3rd

2nd

4th

M
ain

W
alsh

C
anal

Sierra

C
apay

Shasta

R
oad 203

Broadw
ay

State Hwy 32

Sacram
ento

R
oad 206

Los R
obles

Fifth

Park

Fourth

State H
w

y 45

Edgewater

East

Esperanza

Road 16

Pebble Beach

State Hwy 32

Broadw
ay

Los R
obles

FIGURE 6-2

California Water Service Company
Chico - Hamilton City District Water Supply

and Facilities Master Plan

HAMILTON CITY
DEMAND ALLOCATION

LEGEND:

0 0.1 0.20.05

Scale in Miles

Residential

Commercial

Government

Open Space/Agriculture

Vacant

Streets

Junction

Thiessen Polygon

NOTES:

O
:\c

\4
36

\0
2-

06
-0

3\
G

IS
\W

M
P

\C
ha

pt
er

 6
\F

ig
ur

e 
6-

2_
H

C
_p

ol
yg

on
s.

m
xd

Public Version



!(!(!(
!(!(!(!(

!(!(!(!(

!(!(

!(!(!(!(!(!(

!(

!(

!(
!(
!( !(

!(
!(!(
!(

!(

!(

!(

!(

!(!(
!(!(!(

!(
!(

!(

!(
!(!(!(!(!(

!(

!(

!(
!(!(!(!(!(

!(
!(!(

!(

!(
!(

!(!(!(!(
!(

!(!(!(
!(

!(!(

!(
!(!(!(!(!(
!(
!(!(
!(!(
!(

!(!(
!(!(!(!(
!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(
!(
!(!(
!(!(!(

!(!(!(

!(!(

!(
!(!(

!(

!(

!(

!(
!(
!(
!(!(

!(
!(!(

!(!(!(
!(

!(

!(

!(

!(!(!(!(
!(!(!(

!(!(!(!(
!(!(!(!(

!(!(!(
!(!(!(

!(
!(!(!(
!(!(!(!(

!(!(!(

!(

!( !(

!(!(
!(

!(
!(!(

!(

!(

!(

!(!(

!(!(!(

!(!(!(!(!(

!( !(

!(
!(!(
!(

!(!(

!(!(

!(!(!(!(!(
!(!(
!(!(!(
!(!(

!(!(
!(!(!(!(!(

!(!(
!(!(!( !(

!(
!(

!(!(

!(

!(!(

!(

!(!(
!(

!(

!(

!(

!(
!(!(!(

!(!(!(

!(!(!(
!(!(
!(
!(!(!(
!(

!(

!(

!(

!(!(!(

!(

!(
!(!(

!(
!(!(!(

!(!(!(!(!(!(
!(

!(!(!(

!(

!(!(!(

!(!(

!(!(!(!(
!(!(!(!(!(!(!(!(!(!(

!(
!(

!(!(!(!(!(
!(

!(!(!(
!(!(!(!(
!(!(!( !(!(

!(!(!(!(!(!(
!(!(!(

!(
!(!(
!(!(
!(!(!(!(!(

!(!(

!(!(
!(

!(

!(!(!(!(
!(

!(!( !(!(!(!(

!(

!(

!(!(

!(!(

!(
!(!(!(!(

!(
!(

!(

!(!(!(

!(!(

!( !(!(
!(!(!(

!(!(

!( !(!(!(!(
!(!(

!(
!(
!(

!(
!(
!(

!(

!(!(
!(!(

!(

!(!(

!(!(!(

!(

!(

!( !(!(!(!(!(
!(

!(!(!(

!(!(
!(!(

!(!(
!(
!(!(
!(

!(!(
!(!(

!(!(!(!(!(

!(
!(
!(

!(!(!(

!(!(

!(

!(

!(!(

!(!(!(
!(!(

!(
!(
!(
!(!(

!(

!(!(!(
!(

!(

!(
!(!(!(!(

!(!(!(

!(

!(
!(!(

!(

!(!(!(

!(!(!(
!(

!(!(!(!(

!(!(

!(

!(

!(!(!(

!(!(

!(!(!(
!(!(!(!(!(

!(!(!(!(
!(!(!(!(

!(!(
!(!(
!(

!(

!(!(
!(

!(!(!(!(!(
!(!(

!(!(

!(!(!(

!(

!(!(!(

!(!(
!(!(
!(!(!(!(
!(

!(!(
!(!( !(

!(

!(
!(

!(!(!(!(!(

!(

!(!(

!(!(!(
!(!(
!(

!(!(!(!(!(!(
!(

!(!(!(!(!(
!(!(
!(!(

!(!(!(

!(
!(
!(

!(!(
!(!(!(!(!(!(!(

!(!(!(!(
!(
!(

!(

!(!(!(!(!(!(!( !(!(
!(

!(

!(

!(!(

!(
!(

!(

!(!(
!(

!(
!(

!(
!(

!(!(

!(
!(
!(!(

!(

!(!(

!(!(

!( !(!(!(
!(!(
!(

!(

!(

!(

!(
!(!(!(
!(!(

!(

!(
!(!(

!(

!(!(
!(

!(

!(!(!(!(
!(!(
!(
!(

!(!(!(

!(
!(

!(!(

!(
!(

!(

!(

!(

!(!(!(

!(

!(!(!(

!(!(!(

!(!(

!(

!(
!(

!(

!( !( !(

!(

!(

!(!(!(!(!(

!(

!(

!(

!(

!(

!(
!(

!(!(!(

!(

!(

!(
!(

!(
!(!(
!(!(!(
!(!(
!(!(

!( !(!(!(

!(!(
!(

!(!(

!(!(!(

!(!(!(!(!(

!(

!(!(

!(!(
!(!(

!(

!(!(!(

!(

!(

!(

!(!(

!(!(
!(!(
!(!(

!(!(

!(!(!(

!(!(

!(!(!(
!(

!(

!(

!(

!(!(

!(!(!(
!(

!(

!(!(
!(!(
!(
!(
!(

!(
!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(!(
!(!(!(

!(

!(

!(!( !(
!(

!(

!(!(

!(
!(!(
!(
!(!(!(

!(!(
!(

!(!(
!(
!(!(

!(!(

!(
!(

!(!(
!(!(!( !(

!(
!(!(!(

!(!(

!(
!(
!(!(

!(!(!(
!(!(!(

!(
!(

!(

!(
!(

!(
!(

!(

!(!(!(!(!(!(
!(

!(
!(

!(!(

!(
!(
!(!(!(

!(

!(

!(!(!(!(

!(!(

!(!(!( !(
!(

!(!(

!(

!(

!(

!(!(!(!(!(!(!(!(

!(!(

!(!(!(
!(!(
!(
!(
!(!(

!(
!(!(!(
!(!(!(!(!(

!(!(!(!(

!(!(!(!(
!(!(!(!(!(!(!(!(!(!(

!(
!(

!(
!( !(!(!(!(!(!(

!(

!(!(
!(

!(!(

!(

!(

!(

!(

!(!(!(!(
!(!(!(

!(!(!(!(!(!(
!(

!(!(!(!(
!(

!(!(!(!(!(!(!(!(

!(
!(!(!(

!(!(

!(

!(
!(!(

!(
!(!(!(

!(
!(!(
!(!(

!(
!(
!(
!(!(
!(

!(!(!(
!(!(!(

!(

!(!( !(

!(!( !(
!(

!(!(!(

!(
!(!(
!(!(
!(

!(
!(!(!(!(!(!(!(
!(!(

!(

!(!(

!(

!(!(

!(
!(!(!(
!(!(!(
!(

!(

!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(

!(!(!(!(!(!(
!(!(!(!(!(!(!(

!(
!(!(

!(!(!(
!(!(!(

!(
!(

!(

!(

!(

!(

!(!(!(

!(

!(!(

!(!(!(!(!(

!(
!(

!(

!(!(!(
!(!(!(

!(
!(

!(!(!(

!(
!(!(!(

!(!(!(
!(!(
!(!(!(!(
!(!(!(

!(!(

!(!(
!(

!(

!(

!(

!(

!(!(
!(!(

!(!(!(!(!( !(!(!(!(
!(

!(!(!(!(!(!(

!(
!(!(

!(!(!(
!(!(
!(!(

!(

!(!(

!(

!(!(!(
!(!(!(

!(!(

!(

!(!(!(!(!(

!(
!(!(

!(!(
!(

!(!(
!(!(

!(!(

!(

!(

!(

!(!(!(!(!(

!(

!(

!(!(

!(
!(!(

!(
!(!(

!(!(
!(!(
!(

!( !(!(!(!(

!(

!(!(
!(!(!(!(!(!(

!(!(!(!(
!(!(

!(!(!(!(
!(!(
!(!(

!(!(
!(!(!(!(!(!(

!(!(!(!(
!(!( !(!(

!(

!(

!(!(

!(

!(!(

!(!(!(!(!( !(

!(!(

!(

!(

!(!(!(
!(

!(
!(!(!(

!(

!(

!(

!(!(!(!(
!(

!(
!(
!(!( !(

!(

!(
!(!(!(
!(!(
!(!(

!(

!(
!(!(!(!(!(

!(!(!(

!(!(

!(

!(!(
!(!(!(

!(!(

!(!(
!(

!(!(

!(

!(!(!(!(!(!(!(!(!(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(!(

!(!(!(!(
!(!(!(!(!(

!(!(
!(!(!(
!(

!(!(
!(!(
!(
!(!(!(

!(!(

!(!(!(
!(

!(
!(!(!(

!(

!(
!(
!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(

!(!(!(
!(!(

!( !( !(!(

!(!(

!( !(

!(!(

!(!(
!(

!(!(
!(!(
!(

!(!(!(
!(!(
!(

!(!(

!(!(!(!(
!(
!(!(!(
!(!(!(

!(!(!(
!(
!(!(!(
!(!(
!(!(

!(!(!(
!(!(!(

!(!(

!(
!(!(!(!(
!(

!(!(

!(!(!(!(!(!(
!( !(!(

!(

!(

!(!(
!(!(!(!(
!(!(!(

!(

!(!(
!(

!(!(

!(
!(
!(!(
!(!(
!(!(!(!(!(

!(!(

!(!(
!(

!(
!(!(

!(

!(!(

!(

!(

!(!(!(

!(!(!(!(
!(!(!(

!(
!(

!(!(

!(

!(

!( !(

!(!(!(

!(!(

!(

!(!(
!(!(
!(!(!(

!(!(!(!(
!(!(!(

!(
!(

!(!(

!(
!(!(

!(
!(

!(!(!(
!(!(

!(!(
!(

!(
!(!(

!(!(!(!(
!(!(

!(!(!(!(

!(

!(

!( !( !(!(!(!(!(

!(!(

!(

!(!(

!(!(

!(

!(!(

!(
!(!(

!(
!(!(!(!(
!(!(!(

!(!(

!(!(

!(

!(!(

!(!(!(
!(!(!(!( !(

!(

!(!(!(

!(

!(!(

!(!(!(!(!(!(
!(
!(!(

!(!(!(!(!(!(!(!(

!(!(

!(!(
!(!(

!(!(!(

!(!(!(

!(

!(

!(

!(!(
!(!(!(

!(

!(
!(

!(!(
!(

!(

!(!(!(
!(!(!(!(

!(
!(!(
!(

!(!(!(
!(

!(!(
!(

!(

!(!(!(

!(
!(!(!(
!(

!(!(
!(!(!(
!(!(!(
!(

!(!(
!(!(
!(!(

!(!(!(
!(!(

!(

!(
!(

!(!(!(!(
!(!(!(
!(!(

!(!(!(!(!(!(
!(!(!(!(!(

!(!(
!(!(!(!(!(

!(!(
!(!(

!(

!(
!(

!(

!(!(

!(!(

!(!(

!(!(
!(!( !(!(

!(

!(

!(

!(!(!(
!(!(!(

!(

!(

!(
!(!(

!(

!(

!(

!(!(!(!(
!(!(!(

!(!(
!(!(!(

!(!(
!(
!(!(
!(!(

!(!(!(!(
!(!(!(!(

!(!(
!(
!(!(!(
!(
!(!(!(

!(!(

!(

!(!(!(
!(!(

!(!(
!(!(!(

!(

!(!(!(
!(
!(

!(!(!(
!(

!(!(
!(!(!(

!(!(!(

!(!(!(
!(!(!(!(
!(!(!(!(!(

!(

!(
!(

!(
!(!(

!(

!(
!(
!(!(
!(!(
!(!(!(!(
!(

!(!(

!(!(

!(

!(!(!(!(

!(

!(!(!(!(
!(
!(!(!(!(!( !(!(!(!(

!(

!(!(!(!(

!(!(!(!(
!(!(!(!(!(!(

!(!(!(

!(!(

!(
!(

!(
!(

!(!(!(

!(
!(!(!(!(!(!(

!(
!(!(
!(
!(
!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(

!(!(!(!(!(!(!(
!(!(

!(!(

!(

!(

!(!(
!(!(!(!(!(!(!(
!(!(!(!(!(
!(!(!(!(!(!(

!(!(
!(!(

!(

!(

!(
!(

!(

!(!(!(!(

!(

!(!(!(
!(

!(

!(!( !(!(!(!(!(

!(!(!(!(!(!(!(

!(

!(
!(

!(

!(!(!(!(!(
!(!(!(!(!(!(!(
!(!(

!(!(!(!(
!(!(

!(!(!(
!( !(!(
!(

!(

!(

!(
!( !(

!(

!(!(

!(

!(

!(

!(
!(!(!(!(!(

!(!(!(!(!(!(
!(!(!(!(!(

!(!(!(!(
!(!(

!(!(!(!(!(!(!(
!(!(!(
!(!(!(!(

!(!(

!(

!(!(!(
!(!(!(
!(!(!(!(

!(!(!(
!(!(!(
!(!(
!(

!(!(
!(!(!(
!(

!(!(!(
!(
!(!(!(
!(
!(!(!(

!(!(

!(!(

!(!(!(
!(!(

!(

!(

!(!(
!(

!(!(
!(!(!(
!(

!(
!(!(!(

!(
!(!(
!(!(!(!(!(

!(!(!(!(!(!(!(!(!(!(!(

!(
!(

!(!(!(
!(!(!(!(

!(!(!(!(!( !(!(!(
!(
!(

!(
!(

!(

!(

!(!(!(!(!(!(!(
!(!(!(
!(!(!(!(!(

!(!(!(!(
!(!(!(!(!(
!(!(
!(!(
!(

!(

!(
!(!(!(
!(!(!(
!(
!(!(
!(!(
!(!(!(!(
!(!(
!(!(!(

!(!(!(!(!(!(!(!(!(!(!(

!(!(!(!(

!(

!(!(
!(!(!(!(!( !(!(

!(

!(

!(!(
!(!(

!(

!(

!(

!(

!(!(!(
!(

!(!(!(

!(!(
!(!(
!(!(!(

!(!(
!(!(!(
!(!(!(
!(!(

!(!(

!(!(
!(!(!(!(

!(

!(
!(!(!(
!(

!(!(!(
!(

!(
!(!(

!(!(
!(!(

!(!(!(!(

!(!(!(
!(!(!(
!(!(

!(
!(!(!(!(

!(!(
!(!(!(!(

!(!(!(!(!(

!(!(
!(

!(!(
!(!(!(

!(!(!(!(!(!(!(!(
!(!(

!(

!(

!(

!(!(!(
!(!(
!(
!(!( !(!(!(

!(

!(

!(!(!(!(
!(!(
!(!(
!(

!(!(!(!(!(!(!(
!(!(!(

!(!(!(

!(!(!(
!(!(!(
!(!(

!(!(
!(!(!(
!(!(!(

!(
!(

!(

!(
!(!(!(
!(!(!(!(!(
!(!(
!(!(!(
!(!(

!(!(!(
!(!(!(!(!(

!(!(!(!(!(
!(!(
!(!(
!(!(!(
!(!(!(!(!(
!(

!(

!(

!(!(

!(!(
!(!(!(

!(

!(!(

!(!(!(!(

!(

!(

!(!(
!(!(

!(!(!(!(!(

!(!(
!(!(!(!(
!(!( !(

!(

!( !(

!(!(!(
!(!(

!(

!(

!(
!(!(

!(
!(

!(!(!(
!(!(!(

!(

!(!(

!(!(!(!(
!(
!(!(!(

!(
!(
!(!(!(!(!(!(

!(!(!(
!(

!(

!(!(
!(!(
!(!(!(
!(!(!(!(!(!(
!(!(!(!(

!(
!(!(!(

!(!(!(

!(

!(
!(!(!(!(!(
!(!(

!(!(

!(!(!(!(!(
!(!(!(!(
!(
!(

!(!(
!(

!(
!(!(

!(!(
!(
!(!(!(!(
!(!(

!(!(
!(!(!(!(!(
!(!(!(!(
!(

!(!(!(
!(

!(!(!(
!(!(

!(!(

!(!(
!(

!( !(!(

!(!(!(

!(!( !(

!(

!(!(
!(!(
!(
!(!(

!(!(
!(
!(!(!(

!(!(!(!(!(
!(

!(

!(!(

!(!(

!(!(

!(!(!(!(!(

!(!(

!(!(

!(

!(
!(

!(

!(
!(

!(

!(

!(!(

!( !(!(!(!(

!(

!(!(

!(
!(
!(!(!(
!(!(!(!(!(
!(!(

!(
!(!(!(!(!(!(

!(
!(!(

!(

!(!(!(!(!(!( !(!(
!(!(

!(

!(!(

!(
!(!(
!(!(!(!(
!(!(!(

!(

!(!(!(!(!(

!(

!(!(!(!(!(

!(

!(!(!(
!(
!(!(!(!(

!(!(!(
!(!(
!(

!(
!(!(!(!(
!(!(!(

!(!(
!(!(

!(!(!(

!(
!(

!(

!(!(!(!(
!(
!(!( !(
!(
!(!(!(

!(

!(!(

!(
!(!(!(
!(
!(!(!(

!(

!(!(!(!(
!(!(

!(

!(

!(
!(
!(!(

!(!(
!(!(!(
!(!(!(!(!(
!(!(
!(!(!(!(!(!(

!(!(!(

!( !(

!(!(
!(!(!(
!(!(
!(
!(!(!(!(!(!(!(

!(
!(!(!(
!(

!(

!(!(

!(

!(!(!(
!(!(!(!(

!(!(!(!(!(!(!(
!(

!(

!(

!(

!(!(!(!(!(!(
!(!(
!(!(

!(
!(!(!(!(!(!(!(!(!(

!(!(

!(!(!(!(!(!(!(!(!(!(
!(

!(
!(!(!(!(!(!(
!(!(

!(!(!(

!(!(!(!(!(!(!(!(
!(!(

!(!(
!(

!(

!(

!(!(!(!(!(!(!(
!(!(
!(!(!(!(!(!(!(!(
!(

!(!(!(!(!(!(!(
!(!(
!(!(

!(

!(

!(
!(!(!(

!(!(!(
!( !( !(!(!(

!(!(!(!( !(!(!(!(!( !(
!(!(
!(!(!(!(!(

!(
!(!(

!(!(!(!(

!(
!(
!(!(

!(!(
!(
!(!(
!(
!(!(!(

!(!(

!(

!(!(!(!(
!(!(!(
!(!(!(
!(!(!(!(!(
!(!(!(

!(
!(

!(!(!(

!(!(

!(!(!(

!(

!( !(!(!(!(!(!(!(!( !(!(!(

!(!(
!(!(!(

!(

!(!(!(
!(

!(
!(!(!(!(
!(

!(

!(!(
!(

!(

!(

!(

!(!(

!(

!(!(!(

!(

!(

!(!(!(!(!(!(!(!(!(

!(!(!(

!(!(!(!(
!(!(
!(!(!(

!(!(
!(!(!(!(

!(!(!(!(
!( !(!(

!(!(!(!(

!(
!(!(!(

!(!(!(
!(!(!(

!(!(!(!(!(!(

!(

!(
!(
!(

!(

!( !(
!(

!(!(

!(!(!(

!(!(!(
!(!(
!(

!(
!(

!(!(

!(!(!(!(
!(!(!(!(

!(!(!(
!(

!(
!(

!(!(!(

!(

!(

!(!(!(

!(!(!(

!(
!(!(
!(

!(!(!(

!(
!(

!(
!(!(!(!(!(!(!(!(
!( !(!(!(

!(

!(!(

!(

!(

!(

!(!(

!(!(
!(

!(
!(

!(
!(!(
!(

!(!(
!(

!(!(

!(

!(
!(!(

!(!(

!(!(

!(
!(!(

!(

!(!(!(
!(!(

!(!(
!(!(!(!(!(
!(
!(
!(!( !( !(

!(

!(

!(

!(

!(

!(

!(
!( !(!(

!(!(

!(

!(

!(

!(!(!(!(

!(

!(!(
!(

!(!(
!(!(!(!(!( !(

!(

!(!(

!(!(
!(!(!( !(

!(!(
!(!(!(!(!(!(

!(
!(!(!(!(!(

!(!(!(

!(

!(!(!(!(!(

!(
!(

!(!(

!(

!(!(!(
!(!(

!(

!(!(

!(!(!(!(!(

!(!(!(!(!(!(

!(

!(

!(

!(

!(

!(!(!(

!(!(!(
!(!(

!(!(
!(!(

!(
!(!(!(!(

!(
!(

!(!(!(!(
!(!(!(
!(!(

!(!(
!(!( !(!(!(

!(
!(!(!(!(!(!(

!(!(!(
!(!(!(!(

!(

!(!(
!(

!(

!(!(
!(

!(
!(!(
!(!(
!(
!(!(

!(!(!(
!(

!(!(
!( !(
!(
!(

!(!(!(
!(!(
!(!(

!(
!(
!(!(

!(!(!(
!(

!(
!(!(!(!(!(

!(

!(
!(

!( !(!(

!(
!(!(

!(

!(!(!(
!(!(!(!(
!(!(!(!(!(!(

!(

!(!(

!(!(!(
!(!(

!(
!(!(!(

!(

!(!(

!(
!(!(!(!(!(

!(!(!(!(!(!(!(!(!(
!(!(
!(!(!(
!( !(
!(!( !(!(

!(!(!(!(!( !(
!(!(!(!( !(
!(!(

!(!( !(!(!(!(!(!(!(!(!(
!(
!(!(!( !(!(

!(!(!(

!(
!(!( !(

!(!(

!(
!(!(!(
!(!(

!(!(!(!( !(!(!(
!(!(
!(!(!(!(!(!(!(!(

!(!(
!(

!(

!(
!(!(
!( !(

!(!(!(!(!(!(
!(
!(

!(
!(

!(!(

!(

!(!(

!(

!(!(!(

!(
!(!(!(!(

!(!( !(!(!(!(
!(!(!(!(

!(!(!(!(!(!(
!(
!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(

!(
!(!(!(

!(!(!(!(!(!(
!(!(

!(!(!(
!(!(

!(

!(!( !(

!(!(
!(!(!(

!(
!(

!(
!(
!(!(!(

!(

!(

!(

!(
!(!(!(
!(!(!(

!(

!(

!(!( !(
!(!(
!(!(!(!(

!(!(!(

!(!(!(

!(

!(!(
!(!(

!(

!(!(!(

!(

!(!(!(!(!(

!(

!(!(!(!(!(
!(

!(

!( !(!(
!( !(!(
!(!(

!(

!(!(
!(!(!( !(!(!(

!(!(!(

!(!(!(
!(

!(

!(!(!(
!(

!(

!(

!(!(
!(!(!(!(

!(!(
!(!(
!(!(

!(

!(!(!(!( !(
!(!(!(!(

!(!(

!(

!(
!(!(

!(!(

!(

!(

!(
!(!(
!(!(

!(

!(!(

!(!(!(!(
!(
!(

!(!(!(

!(!(!(

!(
!(!(!(!(

!(

!(
!(!(!(!(!(

!(

!(
!(

!(

!(!(!(
!(!(!(!(!(

!(

!(!(
!(!(

!(
!(
!(!( !(

!(

!(

!(

!(!( !(
!(!(

!(!(!(

!(!(
!(

!(
!(!(!(!(
!(!(!( !(

!(!(!(

!( !(!(
!(!(!(!(!(!(!(!(!(!(!(!(

!(
!(

!(!(

!(

!(!(
!(

!(
!(!(!(

!(!(!(
!(
!(
!(
!(
!(
!(!(

!(!(!(!(!(

!(!(

!(!(

!(

!(

!(
!(!(
!(!(

!(!(!(

!(
!(!(
!(!(!(!(

!(
!( !(

!(

!(!(!(

!(
!(!(!(

!(!(
!(!(

!(

!(
!(!(

!(!(
!(!(

!(!(!(!(!(!(!(
!(!(

!(!(!(

!(!(!(!(!(!(
!(!(!(!(
!(!(

!(!(!(!(!(
!(!(!(!(!(

!(!(!(

!(
!(

!( !(

!(!(!(!(
!(

!(!(!(!(!(!(!(!(!(
!(!(!(!(!(!(!(!(

!(!(!(!(!(!(

!(!(!(

!(!(!(!(!(!(!(
!(!(!(!(

!(!(
!(!(!(!(

!(!(!(!(!(!(!(!(!(
!(

!(!(
!(

!(!(

!(!(
!(

!(
!(

!(
!(!(
!(!(

!(!(
!( !(
!(!(!(

!(!(!(!(!(
!(!(!(

!(!(!(

!(!(
!(!(

!(!(!(
!(

!(

!(!(
!(

!(!(
!(!(

!(!(!(
!(

!(

!( !(

!(

!(

!(!(
!(!(
!(
!(!(

!(!(
!(!(!(!(
!(!(

!(

!(!(!(
!(!(
!(

!(!(

!(!(
!(!(

!(!(!(!(!(!(!(
!(

!(!(!(
!(

!(!(!(!(!(
!(!(!(

!(
!(!(

!(
!(!(!(!(!(
!(!(
!(!(

!(!(!(

!(
!(!(!(!(!(

!(!(
!(

!(
!(!(!(!(!(!(

!(

!(!(!(!(!(!(!(!(!(
!( !(

!(!(!(!(
!(!(

!(
!(

!(

!(

!(
!(!(
!(!(!(!(
!(!(!(

!(

!(!(!(
!(

!(!(

!(

!(!(!(!(!(

!(!(

!(!(!(

!(!(!(!(!(!(
!(

!(!(
!(

!(

!(

!(!(!(!(!(!(!(!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(
!(!(
!(

!(!(

!(

!(

!(
!(!(!(!(

!(
!(!(
!(

!(

!(!(
!(

!(!(!(!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(!( !(

!(

!(

!(

!(

!(!(

!(!(

!(

!(!(

!(!(

!(!(
!( !(
!(
!(
!(

!(!(
!(

!(!(!(!(
!(

!(

!(

!(

!(
!(

!(

!(

!(!(!(!(!(!( !(!(!(!( !(
!(

!(

!(

!(
!(!(!(

!(!(!(!(!(

!(

!(

!(!(!(!(!(!(
!(!(!(!(
!(!(

!(

!(

!(!(!(!(!(
!(
!(!(!(

!(!(!(
!(!(

!(

!(!(!(

!(
!(
!(!(

!(
!(

!( !(

!(!(!(

!(

!(!(
!(!(!(

!(!(

!(

!( !( !(!(!(

!(!(

!( !(!(!(

!(!(!(
!(!(!(!(

!(

!(!(

!(!(
!(

!(

!(
!(

!(!(!(
!(!(
!(!(!(!(!(!(!(!(

!(

!(!(!(
!(!( !(

!(!(

!(!(
!(!(!(

!(!(
!(
!(!(!(!(
!(!(!(
!(

!(!(!(!(

!(!(
!(!(!(

!(!(

!(
!(!(

!(

!(!(!(!(!(!(!(
!(

!(!(!(!(
!(

!(
!(!(

!(

!(

!(!(

!(!(
!(

!(!(

!(!(

!(!(!(

!(!(

!(

!(
!(

!(!(!(!(!(!(
!(
!( !(

!(

!(!(!(

!(!(!(
!(!(!(!(

!(

!(!(!(

!(

!(!(
!(

!(
!(!(!(!(
!(
!(!(

!(!(

!(

!(
!(

!(
!(

!(

!(!(!(

!(!(!(

!(!(!(!(!(!(!(!(!(
!(
!(!(!( !(!(

!(!(!(
!(!(

!(

!(!(

!(

!(

!(

!(

!(!(!(!(
!(

!(
!(!(!(

!(

!(
!(!(
!(

!(!(

!(

!(
!(

!(

!(!(!(!(
!(!(

!(!(!(!(!(!(

!(!(

!(
!(
!(!(!(!(!(!(
!(!(
!(!(!(

!(!(!(!(
!(!(!(!(

!(
!(

!(

!(

!(

!(

!(!(!(!(

!(

!(!(

!(
!(!(

!(

!(

!(!(

!(

!(!(!(!(!(

!(

!(!(

!(!(!(!(

!(
!(

!(

!(
!(!(!(!(

!(!(!(!(
!(!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(!(!(!(
!( !(!(

!(

!(!(!(
!(
!(

!(!(!(!(!(!(!(!(!(!(

!(!(
!(!(

!(

!(!(!(!(!(!(

!(!(
!(!(!(

!(!(
!(!(

!(

!(!(!(!(
!(!(!(

!(
!(!(

!(

!(
!(

!(!(

!(

!(!(!(

!(!(!(

!(!(!(

!(!(
!(!(!(
!(!(!(!(

!(
!(!(

!(!(!(!(!(

!(!(!(!(!(!(
!(

!(!(!(!(

!(!(!(!(!(!(!(

!(!(!(!(!(
!(!(
!(

!(!(

!(!(!(

!(

!(!(!(!(

!(

!(
!(

!(

!(!(

!(!(

!(

!( !(!(!(

!(!(!(!(

!(!(
!(!(!(!(

!(

!(

!(!(
!(!(!(!(!(!(
!(

!(!(!(!(

!(!(

!(!(!(
!(

!(!(

!(!(

!(!( !(!(

!(

!(!(
!(
!(

!(!(
!(!(!(!(

!(

!(

!(
!(!(!(
!(

!(!(!(
!( !(
!(

!(!(!(

!(

!(
!(

!(

!(!(!( !(!(!(!(

!(
!(!(!(!(
!(

!(!(

!(!(!(

!(!(!(!(
!(!(

!(!(!(!(!(!(!(
!(
!(

!(
!(
!(!(

!(

!(

!(!( !(

!(!(!(

!(
!(!(!(
!(!(

!(!(
!(!(!( !(!(!(!(

!(

!(

!(

!(!(!(
!(!(!(!(!(!(!(!(!(!(

!(

!(
!(

!(
!(

!(

!(

!(!(
!(!(

!(
!(!(!(!(!(

!(

!(!(

!(!(!(!(!(!(!(
!(!( !(!(!(!(!(!(!(!(
!(

!(!(
!(
!(
!(!(

!(

!(

!(!(

!(
!(!(

!(

!(!(

!(

!(!(

!(!(!(!(!(

!(!( !(!(
!(

!(!(

!(
!(!(!(
!(

!(

!(

!(

!(

!(
!(

!(!(!(

!(!(!(
!(!(!(!(!(

!(

!(!(
!(!(!(!(!(!(

!(
!(!(!(!(!(!(!(!(!(!(

!(

!(
!(!(!(

!(!(
!(!(

!(
!(

!(!(
!(!(

!(
!(!(!(

!(!(

!(

!(!(

!(!(
!(

!(!(!(!(

!(!(!(!(!(

!(!(!(
!(!(!(!(!(
!(!(

!(!(

!(!(

!(

!(!(

!(!(

!(

!(
!(

!(
!(!(!(

!(

!(!(!(!(

!(

!(!(!(!(!(
!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(
!(!(!(!(!(

!(!(
!(

!(!(!(
!(!( !(!(

!(

!(
!(!(!(

!(!(
!(

!(!(

!(
!(!(!(!(

!(!(!(!(!(
!(!(

!(

!(

!(
!(

!(!(

!(!(!(!(

!(!(
!(

!(!(
!(!(

!(!(!(
!(!(!(!(

!(
!(

!(
!(

!(
!( !(!(

!(!(

!(

!(

!(
!(!(!(!( !(

!(!(

!(

!(!(!(
!(!(

!(!(

!(!(

!(
!(

!(!(!(!(!(!(!(!(!(
!(
!(
!(!(!(!(!(

!(!( !(

!(
!(

!( !(

!(!(

!(!(

!(

!(

!(!(

!(!(!(

!(!(!(!(

!(

!(!(

!(!(!(!(

!(!(!(!(

!(!(!(!(!(!(

!(

!(!(

!(!(!(!(

!(
!(

!(!(

!(!(
!(

!(

!( !(

!(!(
!(

!(!(
!(

!(!(
!(!(

!(!(

!(

!(
!(

!(

!(!(

!(!(!(!(
!(!(!(!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(!(!(!(!(!( !(!(
!(

!(!(!(
!(!(!(
!(

!(!(

!(

!(!(!(
!(!(!(

!(!(

!(!(!(!( !(!(!(
!(!(!(

!(

!(!(!(
!(!(!(

!(!(

!(
!(!(!(!(!(!(!(!(

!(!(!(!(!(!(

!(!(

!(!(

!(

!(
!(

!(

!(

!(!(!(

!(
!(

!(

!(
!(!(!(!(!(!(

!(!(!(!(!(
!(!(!(
!(!(!(!(

!(

!(!(

!(!(
!(

!(

!(

!(

!(!(!(!(

!(!(!(

!(

!(!(!(
!(

!(!(!(!(

!(!(

!(!(!(!(!(!(!(

!(!(!(

!(!(!(

!( !(!(

!(!(!(

!(

!(

!(!(!(

!(!(

!(!(
!(
!(

!(!(!(!(!(!(!(!(

!(
!(!(

!(

!(!(

!(

!(!(
!(

!(!(

!(!(
!(

!(

!(!(

!(
!(

!(!(

!(!(!(!(!(!(
!(!(

!(

!(!(!(!(

!(!(!(!( !(!(
!(!(

!(

!(!(

!(!(

!(!(
!(!(!(

!(!(
!(!(

!(!(
!(
!(!(!(

!(
!(!(!(

!(!(

!(

!(!(!(
!(

!(
!(
!(!(
!(!(

!(

!(

!(

!(
!(

!(!(!(

!(!(!(!(!(!(!(

!(!(

!(

!(

!(!(

!( !(
!(!(!(

!(

!(

!(!(
!(!(

!(
!(!(!(

!(
!(

!(!(!(!(!(

!(

!(!(

!(!(!(!(!(!(!(!(
!(!(!(!(!(!(!(
!(!(
!(!(!(

!(!(!(
!(!(

!(
!(!(!(
!(!(!(!(!(!(
!(!(!(

!(

!(!(!(

!(
!(!(

!(!(!(

!(
!(

!(!(!(
!(!(
!(!(!(

!(!(!(

!(

!(

!(!(!(!(!(!(!(!(!(
!( !(!(

!(

!(!(

!(

!(!(!(!(
!(

!(
!(!(

!(

!(

!(!(
!(

!(!(!(!(!(
!(!(

!(

!(

!(!(

!(!(!(!(!(

!(!(

!(

!(!(

!(!(!(!(
!(!(!(!(

!(!(
!(!(!(

!(!(
!(!(!(!(!(!(!(!(!(!(

!( !(!(

!(!(

!(!( !(!(
!(!(
!(!(

!(!(

!( !(!(
!(

!(

!(

!(

!(

!(!(!(!(!(!(!(

!(

!(

!(

!(

!( !(!(!(

!(!(
!(!(
!(

!(
!(

!( !(
!(!(!(
!(

!(

!(!(

!(
!(!(

!(!(

!(!(!(!(
!(

!(

!(!(

!(!(
!(!(!(!(!( !(!(!(!(!(!(!(!(!(!(!(
!(!(!(!(

!(!(

!(!(!(!(!(!(!(

!(

!(

!(!(!(!(!(!(!(

!(!(

!(

!(

!(

!(!(

!(!(!(!(!(

!(!(

!(

!(!(!(

!(!(!(!(
!(

!(!(!(!(!(
!(!(

!(!(

!(!(

!(!(

!(!(

!(
!(!(!(!(!(!(!(!(!(!(!(!(

!(!(!(!(
!(!(!(!(
!(

!(!(!(

!(

!(

!(!(

!(!(!(!(
!(!(!(

!(!(!(

!(!(
!(

!(
!(

!(!(!(!(!(!(!( !(!(!(!(
!(
!(

!(
!(

!(!(
!(
!(!(!(!(!(

!(!(!(
!(!(

!(!(

!(!(!(!(!(!(!(!(
!(!(!(

!(

!(

!(

!(!(
!(!(!(!(

!(
!(!(!(!(
!(!(!(!(

!(!(!(

!(!(

!(!(!(
!(

!(
!(!(!(

!(!(

!(!(!(
!(!(!(!(!(

!(!(!(!(
!(

!(!(!(!(

!(

!(
!(

!(

!(!(
!(!( !(

!(!(!(!(!(!(
!(!(

!(
!(!(!(!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!( !(!(

!(

!(

!( !(
!( !(!(!(!(!(!(!(

!(!(!(!(!(!(!(!(

!(
!(!(

!(!(
!(!(!(!(!( !(!(!(!(!(!(!(!(

!(!(!(!(!(!(
!(!(

!(

!(!(!(!(
!(

!(

!(
!(!(
!(

!(!(!(!(!(!(

!(!(
!(!(!(

!(

!( !(!(
!(!(!(!(!(!(!(
!(!(!(!(!(!(

!(!(!(
!(!(

!(
!(!(!(!(!(!(!(

!(
!(

!(

!(
!(!(!(

!(!(!(

!(!(!(
!(

!(!(

!(!(
!(

!(

!( !(!(
!(

!(!(!(!(

!(!(

!(!(!(!(

!(
!(!(!(!(

!(

!(!(
!(!(
!(!(!(!(
!(!(!(!(!(
!(!(!(!(!(!(!(!(

!(!(
!(!(!(!(

!(

!(!(!(!(!(!(!(!(

!(

!(
!(

!(

!(!(!(!(!(

!(
!(!(

!(

!(!(!(!(!(!(
!(

!(!(
!(!(!(!(

!(!(
!(

!(!(

!(!(!(
!( !(

!(

!(
!(
!(!(!(!(
!(!( !(!(!(

!(!(

!(
!(!(!(!(!(!(!(!(
!(
!(!(

!(
!(

!(!(!(!(!(!(!(!(!(!(

!(!(
!(!(!(

!(!(!(!(
!(!(
!(!(

!(

!(

!(

!(!(!(!(

!(
!(!(

!(
!(!(!(!(

!(!(!( !( !(
!(!(
!(!(!(
!(

!(

!(!(
!(!(!(!(!(

!(!(
!(!(
!(!(!(

!(

!(

!(
!(
!(!(
!(
!(!(

!(

!(

!( !(!(!(!(
!( !(!(

!(
!(!(

!(
!(

!(!(

!(

!(!(!(
!(!(

!(

!(!(!(!(!(!(

!( !(!(

!(!(!(!(

!(!(
!(!(

!(
!(!(

!(!(!(!(!(!(!(!(
!(

!(!(

!(!(
!(!(!(!(!(!(!(!(!(!( !(

!(
!(

!(!(!(!(
!(

!(

!(!(!(
!(!(!(!(

!(

!(!(!(!(
!(
!(

!(!(
!(!(

!(
!(!(
!(!(

!(!(!(

!(!(!(!(!(
!(!(!(!(
!(!(
!(!(!(
!(!(!(
!(

!(

!(
!(!(!(!(!(

!(!(!(!(!(!(

!(

!(!(!(

!(!(
!(

!(!(!(!(!(

!(!(!(!(!(
!(!(

!(
!(

!(
!(!(
!(

!(!(
!(!(!(

!(!(

!(

!(!(!(

!(!(!(
!(!(
!(!(
!(!(!(!(

!(

!(!(!(!(

!(!(

!(
!(

!(

!(!(!(!(
!(!(

!(!(!(!(!(
!(

!(!(

!(

!(!(!(!(

!(!(

!(!(!(

!(

!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(

!(!(!(!(!(!(
!(!(

!(!(!(!(!(!(!(

!(

!(!(
!(!(!(!(

!(!( !(!(

!(

!(!(

!(

!(!(!(
!(!(
!(

!(

!(!(
!(!(!(!(!( !(!(!(!(!(!(!(!(!(

!(
!(

!(!(

!(!(

!(!(

!(!(!(!(!(!(!(!(!(

!(!(
!(!(!(!(

!(!(!(
!(

!(!(!(!(!(!(!(!(!(!(

!(!(!(!(
!(

!(!(!(!(

!(!(
!(

!(

!(!(

!(!(!(!(!(

!(

!(!(

!(
!(!(!(!(!(!(

!(!(!(!(
!(!(!(!(!(

!(!(!(!(!(
!(!(

!(!(!(
!(

!(

!(
!(
!(!(!(
!(

!(!(!(!(!(!(!(!(!(!(!(!(

!(!(
!(!(!(!(

!(!(!(!(
!(!(!(
!(!(!(

!(!(!(!(!(

!(!(
!(!(!(!( !(!(!(

!(

!(

!(

!(
!(

!(
!(

!(!(!(!(!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(!(

!(!(

!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(!(!(!(!(

!(

!(!(!(!(!(
!(

!(!(

!(!(!(!(!(

!(!(!(!(!(!(!(!(!(!(

!(
!(!(!(
!(

!(!(
!(!(!(
!(!(!(

!(
!(!(!(!(!(

!(!(
!(
!(!(!(
!(!(!(
!(!(!(!(

!(!(
!(

!(

!(!(

!(!(
!(!(!(!(!(!( !(!(

!(

!(!(

!(
!(
!(!(!(!(!(!(

!(

!(

!(!(

!(!(!(!(

!(
!(!(

!(
!(!(
!(!(

!(!(

!(
!(!(

!(!(

!(!(!(!(

!(!(
!(!(!(!(!(

!(
!(!(

!(

!(!(
!(!(!(!( !(

!(
!(!( !(

!(!(

!(!(

!(

!(

!(!(!(!(

!(!(

!(!(!(
!(

!(!(!(

!(

!(!(!(

!(!(

!(!(!(!(!(!(

!(!(
!(!(
!(!(!(!(

!(!(
!(!(
!(

!(!(

!(

!(!(
!(

!(!(!(!(!(

!(!(
!(
!(!(
!(
!(

!(!(
!(
!(

!(
!(!(!(!(!(

!(!(
!(!(!(

!(!(!(

!(

!(!(

!(

!(!(
!(

!(!(!(

!(

!(

!(!(!(

!(!(

!(!(!( !(

!(!(!(
!(!(

!(!( !(!(

!(

!(
!( !(

!(

!(!(

!(!(

!(

!(!(!(!(!(

!(!(!(

!(

!(!(
!(!(

!(!(
!(!(

!(!(

!(
!(

!(
!(

!(!(
!(

!(
!(
!(

!(

!(!(!(!(
!(!(

!(

!(!(
!(

!(

!(
!(

!(
!(!(!(

!(
!(

!(!(!(
!(

!(

!(!(

!(!(
!(!(!(!( !(
!(!(!(!(!(!(!(!(

!(

!(!(!(!(

!(!(!(
!(

!(

!(!(!(!(!(!(!(
!(!(!(

!(!(

!(
!(

!(!(!(!(
!(

!(!(

!(!(!(
!(!(!(!(!( !(!(!(!(!(
!(!(!(!(
!(!(
!(

!(!(

!(!(

!(!(

!(!(

!(

!(!(

!(

!(!(!(!(
!(!(
!(

!(!(

!(!(!(!(!(!(

!(
!(!(
!(

!(!(!(!(

!(!(
!(
!(!(!(

!(
!(!(!(

!(

!(!(

!(!(!(
!(!(

!(!(!(!(
!(
!(!(!(!(!(!(

!(

!(!(!(!(!(!(!(!(!(
!(!(!(

!( !(

!(!(

!(

!(!(

!(

!(!(!(!(!(
!(!(

!(
!(

!(

!(!(!(!(

!(!(

!(

!(!(!(!(

!(

!(
!(

!(!(

!(

!(

!(

!(
!(

!(
!(

!(

!(!(!(
!(!(!(!(

!(!(!(!(!(
!(

!(

!(

!(!(

!(!(!(!(!(!(
!(!(!(

!(

!(
!(

!(
!(!(

!(!(
!(!(

!(

!(

!(!(!(

!(!( !(!(!(

!(

!(

!(

!(

!(!(

!(

!(
!(!(

!( !(
!(

!(
!(
!(

!(
!(!(

!(
!(!(!(

!(

!(
!(

!(!(!(

!(!(

!(
!(

!(

!(
!( !(

!(

!(
!(!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(!(
!(
!(
!(

!(
!(!(
!(
!(!(

!(

!( !(!(!(

!(

!(
!(

!(

!(

!( !(

!(

!(

!(
!(!(!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(
!(

!( !(

!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(
!(

!(

!(

!(

!( !(
!( !(!(!(

!(!(!(

!(!(

!( !(!(!(!( !(

!(!(!(!(
!(!(
!(
!(

!(!(!(!(
!(

!(!(

!(!(

!(!(!(!(

!(!(

!(!(
!(!(!(
!(!(!(
!(!(!(!(!(!(!(!( !(!(
!(!(
!(!(
!(!(

!(!(!(!(
!(!(!(!(!(!(

!(!(!(!(

!(!(

!(!(

!(!(

!(!(

!(!(!(!(

!(!(!(!(!(

!(!(

!(!(

!(!(

!(!(

!(!(

!(!(

!(!(

!(!(!(!(!(!(!(!(

!(!(

!(!(

!(!(

!(!(

!(!(

!(!(
!(!(

!(!(

!(!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(!(!(

!(

!(
!(

!(!(

!(

!(
!(

!(

!(
!(!(!(

!(

!(

!(

!(
!(

!(

!(!(
!(!(

!(!( !(!(
!(

!(

!(

!(

!(
!(
!(

!(!(

!(
!(

!(!(

!(

!(

!( !(

!(

!(!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(
!(

!(
!(!(

!(

!(
!(

!(
!(
!(!(

!(!(
!(
!(!(
!(

!(
!(

!(

!(!(

!(!(
!(

!(!(!(
!(

!( !(

!(
!(

!(

!(

!(
!(!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(
!(
!(!(

!(

!(

!(
!(!(

!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!( !(!(!(

!(
!(!(

!(!(

!(!(

!(!(

!(!(

!(!(
!(!(!(!(

!(!(

!(!(

!(!(
!(!(

!(!( !(!(

!(!(

!(!(
!(!( !(!(

!(!( !(!(
!(
!(

!(!(!(!(
!(!(

!(!(!(!(

!(!(

!(!(!(!(

!(!(!(!(

!(
!(!(

!(!(

!(

!(!(

!(!(

!(!(
!(!(

!(!(
!(!(!(!(

!(!(

!(!(

!(!(

!(!(

!(!(
!(!(

!(!(

!(!(

!(!(!(!(

!(!(

!(!(!(!(

!(!(

!(!(

!(!(!(!(
!(!(

!(!(
!(!(!(!(

!(!(

!(!(
!(!(

!(!(
!(!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(
!(
!( !(

!(
!(

!(
!(!(

!(

!(

!(

!(
!(!(

!(
!(

!(

!(

!(!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(!(

!(!(

!(!(
!(!(

!(!(

!(!(

!(!( !(!(

!(!(!(!(

!(!(

!(!(!(!(

!(!(!(!(
!(!(!(!(!(!(!(!(

!(!(

!(!(

!(!(

!(!(

!(!(

!(!(

!(!(!(

!(!(!(!(!(!(

!(!(

!(!(

!(!(

!(!(

!(!(

!(!(

!(!(

!(!(

!(

!(!(

!(!(
!(!(

!(!(

!(!(!(!(

!(!(

!(

!(!(

!(!(!(!(

!(!(!(!(

!(!(
!(!(!(!(
!(!(

!(!(

!(!(

!(!(

!(!(

!(!(
!(!(

!(!(

!(!(!(!(

!(!(

!(!( !(!(

!(!(!(!(

!(

!(!(

!(!(
!(!(

!( !(!(!(!(

!(!(

!(!( !(!(

!(!(

!(!( !(!(!(!(
!(!(

!(!(

!(!(!(!(

!(

!(

!( !(

!(

!(!(!(
!(

!(

!(

!(

!(
!(
!(

!(
!(!(!(

!(

!(
!(

!(!(
!(

!(

!(!(

!(

!(
!(
!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(
!(!(

!(

!( !(

!(
!(

!(!(

!(
!(

!(

!(

!(!(

!(

!(
!(!(

!(!(

!(!(

!(
!(!(

!(

!(
!(!(

!(

!(

!(

!(!(

!(!(!(!(

!(!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(!(!(!(!(!(
!(
!(
!(!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(!(
!(!(

!(

!(

!(!(

!(

!(!(

!(

!(

!(!(!(!(
!(!(
!(!(

!(

!(!(!(
!(

!(

!(

!(!(
!(!(

!(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!( !( !(

!( !(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(!(

!(

!(
!(

!(
!( !(!(

!(

!(
!(

!(

!(
!(

!(

!(!(
!(!(

!(
!(

!(!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(
!(

!(

!(
!(

!(

!(
!(

!(

!(!(
!(

!(

!(!(

!(

!(!(!(

!(
!(

!(

!(!(
!(

!(
!(

!(
!(
!(
!(

!(

!(

!(!(!(

!(

!(!(

!(
!(

!(!(!(

!(

!(
!(

!( !(

!(
!(!(
!(

!(
!(

!(

!(
!(!(

!(!(
!(!(!(!(!(

!(

!(!(!(

!(

!( !(!( !(
!(!(

!(

!(!(

!(!(

!(

!(

!(!(
!(!(

!(
!(

!(
!(

!(!(

!(
!(

!(!(!(!(
!(

!(
!(!(

!(

!(

!(

!(!(
!(!(

!(

!(

!(!(
!(

!(!(

!(
!( !(!(!(

!(!(

!(

!(
!(

!(

!( !(

!(!(

!(

!(

!(

!(!(!(

!(!(

!(

!(

!(!(

!(!(

!(
!(

!(

!(

!(

!(!(
!(
!(

!(

!(

!(!(

!(

!(
!(!(!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(
!(

!(

!(!(

!(!(

!(!(

!(

!(

!(
!(

!(

!(
!(

!(
!(!(
!(

!(

!(
!(

!(

!(!(
!(!(

!(
!(

!(!(!(!(!(

!(

!(
!(!(

!(!(
!(!( !(!(
!(

!(!(

!(

!(

!( !(
!(

!(

!(

!(
!(!(

!(!(
!(

!(
!(

!(
!(!(

!(
!(!(!( !(

!(

!(!(!(!(!(

!(

!(

!(
!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(!(

!(!(
!(

!(

!(!(!(
!(!(!(
!(

!(

!(!(!(
!(

!(

!(
!(

!(

!( !(

!(!(

!(!(
!(

!(

!(
!(
!(!(

!(
!(

!(
!(

!(
!(!(
!(

!(
!(

!(

!(!(
!(!(

!(!(!(

!( !(

!(

!(

!(

!(
!(!(

!(

!(

!(!(

!(

!(!(!(

!(!(
!(!(!(

!(

!(

!(
!(
!(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(!(!(!(

!(!(!(!(

!(

!(

!(!(!(

!(

!(

!(

!(!(

!(
!(

!(
!(!(

!(!(!(!(
!(

!(

!(
!(!(!(!(

!(!(!(
!(

!(
!(!(
!(
!(

!(
!(!(!(

!(

!(!(

!(!(

!(
!(

!(!(
!(

!(

!(
!(
!(!(
!(!(!(

!(
!(

!(!(

!(

!(
!(

!(!(!(

!(!(
!(!(
!(
!(

!(

!(

!(!(!(!(
!(!(
!(
!(
!(

!(
!(!(
!(

!(!(
!(!(

!(!(

!(

!(

!(

!(!(

!(!(

!(
!( !(

!(

!(

!(

!(
!(!(

!(!(!(!(

!(
!(

!(!(!(
!(

!(!(
!(!(!(
!(!(!(!(

!(

!(!(

!(

!(!(!(
!(!(

!(!(

!(

!(
!(!(!(

!(
!(!(!(

!(!(

!(

!(

!(

!(
!(
!(!(

!(

!(

!(!(
!(
!(!(

!(
!(!(

!(

!(

!(!(!(

!(

!(

!(!(!(
!(

!(!(!(!(

!( !(

!(
!(

!(!(
!(!(

!(
!(!(!(
!(
!(!(
!(!(

!(!(!(

!(!(!(

!(!(

!(

!(

!(!(
!(
!(
!(
!(
!(
!(!(

!(!(!(!(

!(
!(!(
!(
!(

!(
!(
!(!( !(

!(!(
!(!(

!(

!(

!(!(

!(!(!(
!(

!(!(
!(!(

!( !(
!(
!(!(!(
!(!(!(

!(!(!(!(
!(

!(!(!(

!(

!(!(!(
!(

!(

!(

!(!(
!(!(!(

!(!(!(
!(!( !(!(

!(!(

!(

!(!(
!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(!(!(!(!(!(!(
!(

!(!(

!(!(
!(
!(

!(
!(
!(!(!(!(

!(

!(

!(

!(!(!(

!(

!(

!(

!(
!(
!(!(

!( !(

!( !(

!(
!(

!(

!(

!(!(
!(

!(

!(

!(

!(!(
!(

!(!(

!(

!(

!(!(

!(

!(
!(!(!(!(!(

!(

!(
!(

!(!(

!(

!(!(!(
!(!( !(!(

!(
!(!(

!(
!(
!(
!(
!(!(!(!(
!(!(!(

!(!(
!(
!(!(

!(

!(
!(
!(!(

!(!(!(
!(
!(!(

!(!(

!(

!(!(

!(

!(!(
!(

!(
!(
!(
!(

!( !(

!(
!(
!(!(
!(!(

!(

!(

!(!(!(!(!(!(!(

!(
!(!(

!(!(
!(!(
!(
!(

!(

!(!(!(!(!(

!(
!(

!(!( !(!(
!(

!(
!(

!(
!(

!(!(

!(

!(
!(

!(
!(!( !(

!(!(
!(!(

!(!(!(!(!(

!(
!(

!( !(!(!(

!(!(
!(!(

!(
!(

!(

!(!(

!(
!(!(!(!(!(

!(
!(!(!(

!(!(

!(

!( !(
!(

!(

!(!(!(

!(!(!(
!(

!(
!(!(
!(
!(

!( !(!(
!(

!(

!(!(!(

!(!(

!(!(

!(!(

!(!(!(!(

!(!(

!(!(
!(

!(

!(!(!(
!(!(

!(

!(!(!(

!(

!(

!(
!(

!(
!(!(

!(

!(!(
!(

!(
!(
!(
!(

!(

!(

!(!(

!(!( !(
!(
!(

!(!(!(
!(!(!( !(!(!(

!(!(!(!(!(

!(

!(
!(
!(
!( !(

!(!(!(!(

!(!(!(!(!(

!(!(

!(
!(
!(
!(

!(

!(!(

!(

!(

!(

!(!(!(
!(

!(

!(

!(
!(

!(
!(

!(!(!( !(!(!(
!(

!(!(

!(!(!(

!(

!(!(

!(!(!(
!(
!(!(
!(

!(

!(
!(

!(
!(

!(!(
!(

!(!(
!( !(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(!(!(!(!(

!(!(

!(!(

!(

!(

!(

!(!(!(!(!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(
!(!(
!(
!(!(
!(

!(!(
!(
!(!(
!(

!(!(
!(!(
!(!(!(
!(!(!(

!(!(
!(

!(!(!(!(

!(
!(!(
!(!(!(
!(
!(!(
!(

!(

!(

!(!(

!(!(
!(!(!(!(!(

!(!(
!(!(!(

!(
!(
!(!(!(!(
!(!(!(!(!(!(!(

!(
!(
!(
!(!(

!(!(!(
!(

!(

!(!(
!(

!(!( !(

!(!(!(
!( !(!(!(!(!( !(!(!(!(!(!(!(

!(!(!(!(!(!(!(

!(!(
!(!(
!(!(!(!(

!(!(
!(

!(

!(
!(

!(!(
!( !(

!(

!( !(!(

!(
!(!(

!(
!(!(
!(!(

!(!(
!(!(

!(!(!(!(

!(

!(

!(!(

!(

!(!(!(
!(

!(!(

!(!(
!(!(

!(
!(!(

!(

!(
!( !(!(

!(

!(

!(

!(!(

!(

!(
!(!(!(

!(!(!(

!(
!(

!(

!(
!(

!(!(
!(!(!(

!(

!(

!(

!(
!(

!(!(!(!(!(!(!(!(

!(!(
!(

!(
!(!(
!(!(!(!(!(!(!(

!(

!(
!(!(

!(

!(

!(!(
!(!(!(!(!(
!(

!(

!(!(

!(

!( !(

!(!(!(

!(
!(
!(!(

!(!(

!(
!(
!(
!(!(!(
!(

!(
!(
!(!(!(

!(!(!(!(!(
!(
!(!(!(!(
!(
!(!(!(!(

!(!(
!(

!(!(

!(
!(!(

!(!(
!(

!(!(!(!(

!(

!(!(!(
!(

!(
!(

!(!(
!(

!(
!(
!(

!(!(!(!(!(!(
!(

!(!(!(
!(
!(!(

!(!(
!(!(
!(!(
!(!(!(
!(

!(!(!(

!(!(

!(

!(!(!(
!(!(

!(!(

!(
!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(

!(!(!(
!(

!( !(

!(!(!(!(
!(!(!(

!(
!(!(
!(

!(
!(
!(!(
!(!(!(!(
!(

!(!(!(
!(!(

!(
!(
!(

!(!(!(

!(!(
!(!(!(
!(!(!(
!(

!(
!(!(

!(

!(
!(

!(!(

!(
!(

!(

!(
!(!(

!(
!(

!(!(

!(!(!(!( !(

!(

!(

!(
!(

!(

!(!(
!(

!(!(!(
!(!(

!(
!(
!(!(

!(

!(

!(
!(!(

!(
!(
!(

!( !(!(

!(!(
!(!(
!(!( !(

!(
!(!(!(

!(
!(!(!(!(

!(

!(!(!(!(!(!(

!(
!(

!(!(!(

!(
!(
!(

!(
!(
!(
!(!(

!(
!(!(
!(!(!(!(!(

!(
!(!(!(!(!(!(!(!(!(

!(
!(!(!(!(

!(!(
!(

!(!(!(!(!(
!(

!(!(
!(

!(!(!(!(
!(
!(!(!(!(!(!(
!(!(

!(

!(!(
!(!(
!(!(!(!(!(
!(
!(!(
!(

!( !(

!(!(

!(!(!(!(

!(

!(
!( !(!(

!(

!(

!(!(!(!(

!(
!(!(!(!(!(
!(!(

!( !(!(!(!(
!(!(!(

!(!(!(

!(!(
!(!(!(!(
!(
!(!(

!(

!(!(
!(!(

!(

!(!(!(!(!(!(

!(!(
!(!(
!(

!(
!(
!(!(

!(!(!(
!(!(!(!(!(!(

!(
!(!(

!(!(!(!(

!(

!(
!(!(!(
!(
!(!(!(!(!(!(!(

!(
!(!(

!( !(!(

!(!(!(!(
!(!(
!(!(!(!(!(!(!(

!(!(!(
!(!(!(

!(!(

!(!(!(
!(!(

!(!(!(!(!( !(!(!(!(
!(!(
!(!(
!(

!(!(!(!(
!(

!(!(!(
!(!(!(

!(!(!(
!(!(
!(!(!(!(!(

!(

!(
!(!(

!(

!(!(
!(

!(!(

!(!(

!(!(

!(!(

!(!(
!(

!(

!(

!(
!(

!(!(!(

!(!(

!(

!(
!( !(

!(
!(!(

!(

!(!(
!(!(!(

!(!(
!(!(!(
!(!(!(!(!(
!(!(

!(

!(!(
!(

!(

!(

!(!(

!(!(

!(

!(!(
!(

!(

!(!(
!(

!(
!(!(

!(!(
!(!(
!(

!(!(
!(

!(!(

!(
!(

!( !(
!(
!(!(

!(
!(

!(
!(
!(!(

!(!(!(
!(

!(

!(!(

!(

!(!(
!(

!(

!(!(

!(!(!(!(

!(!(
!(!(
!(

!(
!(!(

!(

!(!(!( !(!(

!(

!(
!(
!(
!(!(!(!(!(!(!(!(

!(

!(!(

!(!(!(!(!(!(
!(

!(

!(!(!(
!(!(
!(
!(

!(

!(
!(

!(!(

!(!(!(

!(!(!(

!(

!(

!(

!(

!(!(
!(!(

!(
!(!(
!(

!(!(
!(!(
!(
!(!(!(

!(!(

!(
!(!(

!(!(
!(!(!(

!(
!( !(

!(!(
!(!(
!(
!(!(!(

!(!(
!(

!(!(!(!(!(
!(

!(

!(

!(
!(!(!(!(

!(
!(!(!(!(
!(!(

!(
!(!(

!(

!(!(
!(

!(
!(!( !(

!(

!(

!(!( !(

!(!(
!(
!(!(!(

!(

!(

!(

!(

!(
!(
!(
!(
!(!(

!(
!(
!(!(

!(!(
!(!(!(
!(!(

!(
!(

!(!(
!(!(

!(
!(
!(

!(

!( !(
!(!(!(

!(

!(!( !(!(!(!(

!(

!(!(!(!(!(

!(!(
!(

!(
!(!(

!(!(
!(

!(!(!(!(
!(!(

!(!(!(

!(

!(!(

!(!(

!(

!(!(!(

!(

!(
!(
!(
!(!(
!(
!(

!(

!(

!(
!(!(!(!(!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(
!(!(

!(!(
!(
!(

!(!(
!(!(!(!(
!(
!(

!(!(
!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(
!(

!(
!(!(

!(!(

!(!(!(!(!(!(

!(

!(!(
!(!(

!(
!(!(!(!(

!(!(!(!(
!(!(

!(

!(

!(
!(
!(!(

!(

!(

!(

!(
!(!(!(
!(

!(!(
!(

!(

!(!(
!(!(

!(
!(

!(
!(
!(!(!(
!(

!(
!(
!(

!(!(
!(!(!(

!(

!(
!(!(!(!(!(

!(

!(

!(!(

!(!( !(!(
!(
!(
!(

!(!(!(

!(
!(
!(!(
!(

!(!(
!(!(

!(

!(!(
!(
!( !(

!(!(!(

!(!(

!(
!(

!(!(
!(
!(!(

!(!(

!(!(!(
!(

!(
!(

!(!(!(
!(!(!(!(!(!( !(

!(
!(!(!(
!( !(!(

!(
!( !(

!(!( !( !(
!(

!(!(
!(
!( !(

!(

!(
!( !(!(

!(

!(!(!(!(!(

!(!( !(!(
!(!(

!(!(!(!(

!(!(
!(

!(

!(
!(!(!(!(
!(
!(

!(!(
!(

!(

!(
!(!(
!(

!(
!( !(!(!(!(

!(!(!(
!(!(!(!(

!(
!(!(!(!(!(

!(!(

!(!(
!(

!(
!(!(!(

!(
!(

!( !(!(
!(

!(
!(

!(
!(

!(

!(

!(!(

!(

!(

!(!( !(
!(!( !(

!(

!(

!(
!(!(
!(!(

!(

!(

!(
!(
!(
!(!(!(

!(!(

!(

!(
!(

!(

!(!(!(
!(

!(
!(!(
!(

!(!(
!(
!(

!(!(!(
!(!(

!(!(

!(
!(
!(!(

!(

!(

!(!(

!(
!(

!(
!(!(!(

!(!(!(!(
!(

!(

!(

!(

!(!(!(!(

!(

!(
!(!(

!(
!(
!(

!(

!( !(
!(

!(!(!(!(
!(

!(!(

!( !(

!(!(!(!(!(!(

!(!(!(
!(!(

!(!(

!(
!(!(

!(!(!(
!(

!(
!(!(!( !(

!(!(

!(
!(!(

!(
!(

!(!(

!(!(
!(!(
!(

!(
!(

!(
!(

!(
!(
!(!(

!(
!(
!(!(!(!(!(

!(
!(!(

!(
!(
!(!(
!(!(!(!(

!(

!(!(!(!(
!(!(!(!(
!(!(!(
!(

!(!(!(

!(
!(!(!(
!(!(!(

!(

!(
!(!(!(!(

!(!(
!(!(

!(

!(!(
!(!( !(

!(!(

!(
!(!(

!(

!(!(
!(

!(
!(
!(!(

!( !( !(!(!(

!(

!(
!(

!(!(

!(!(
!(!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(!(
!(
!(

!(

!(
!(

!(
!(!(
!(!(
!(
!(!(

!(
!(

!(

!(
!(!(
!(!(
!(

!(

!(
!(!(!(!(

!(
!(

!(
!(

!(
!(

!(!(
!(!(!(

!(!(!(
!(

!(

!(

!(

!(
!(
!(!(
!(!(

!(
!(

!(!(!(!(

!(

!(

!(

!(!(

!(!(!(!(!(

!(
!(

!(

!(

!(

!(!(
!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(
!( !(

!(
!(

!(

!(
!( !(!(

!(

!(

!( !(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(
!(
!(

!(!(!(

!(
!(!(!(

!(

!(

!(!(!(

!(!(!(!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!( !(

!(

!(!(
!(
!(!(
!(!(!(

!(!(
!(

!(
!(
!(
!(!(

!(

!(!(

!(
!(

!(

!(

!(
!(!(

!(

!(

!(

!(!(

!(

!(

!(!(
!(
!( !(!(!(!(

!(

!(

!(!(

!(
!(

!(

!(!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!( !(!(!( !(
!(

!(!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(
!(
!(

!(

!(!(
!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(
!(

!(!(
!(
!(
!(!(
!(
!(
!(!(

!(!(

!(!(
!(

!(

!(!(!(
!(!(!(!(

!(
!(

!(

!(
!( !(!(!(

!(!(

!(

!(

!(

!(!(
!(!(
!(!(!(

!(!(

!(!(
!(

!(

!(

!(
!(!(!(

!(
!(

!(
!(

!(!(
!(

!(

!(
!(

!(!( !(!(
!(

!(

!( !(!(
!(

!(

!(!(!(
!(!(!(
!( !(

!(

!( !(
!(

!(

!(
!(

!(!(

!(
!(

!(
!(

!(
!(

!(!(!(!(

!(!(

!(!(

!(

!(

!(
!(!(!(

!(

!(

!(

!(

!(

!(!(!(

!(

!(
!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(
!(

!(!(
!(

!(!(!(

!(

!(

!(

!(

!(
!(
!(

!(

!(

!(!(

!(!( !(

!(

!(
!(
!(

!(

!(

!(!(

!(
!(

!(
!(

!(
!(!(

!(!(
!(!(

!(
!(!(!(!(!(

!(!(!(

!(!(!(

!(!(

!(!(!(!(

!(!(
!(!(!(

!(!(
!(
!(
!(

!(

!(

!(
!(

!(!(

!(
!(
!(!(

!( !(!(
!(!(

!(!(

!(
!(!(

!(

!(

!(
!(

!(
!(

!(!(!(

!(
!(

!(
!(

!(!(!(
!(

!(

!(!(!(

!(!(
!(

!(

!(!(

!(
!(

!(!(
!(

!(!(!(
!(

!(
!(
!(!(!(!(!(!(!(!(

!(!(!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(

!( !(!(

!(

!(

!(

!(!(

!(
!(

!(!(!(!(!(!(
!(

!(
!(

!(!(!(
!(

!(
!(
!(!(

!(

!(

!(!(!(
!(

!(!(
!(!(!( !(

!(

!(!(!(
!(!(!(
!(!(

!(

!(!(
!(!(

!(

!(!(
!(!(

!(

!(!(!(

!(
!(!(
!(!( !(!(!(!(

!(
!(

!(
!(!(!(!(

!(

!(!(

!(
!(!(

!(!(

!(!(!(
!(!(

!(

!(
!(

!(

!(
!(!(

!(!(

!(!(
!(
!(
!(

!(

!(
!(!(

!(

!( !(!(

!(

!(!(

!(
!(!(!(!(!(!(

!(!(!(!(!(

!(

!(

!(!(

!(
!(
!(

!( !(!(!(!(!(
!(!(

!(!(

!(

!(

!(!(
!(!(

!(
!(

!(!(!(
!(

!(!(!(
!(!(!(

!(
!(!(

!(

!(

!(!(

!(!(

!(

!(

!(
!(!(
!(!(

!(!(

!(

!(!(!(

!(
!(
!(

!(!(!(

!(
!(!(

!(
!(!(

!(!(!(

!(

!(!(!(!(
!(

!(!(!(!(

!(!(

!(

!(

!( !(

!(
!(

!(!(!(!(

!(

!(!(
!(

!(

!(
!(

!(
!(
!(

!(
!(

!(

!(
!(

!(
!(

!(!(
!(!(
!(
!(!(

!(
!(

!(
!(

!(
!(

!(!(!(!(!(
!(!(

!(!(!(!(!(!(

!(
!(

!(

!(

!(!(!(!(

!(

!(!(

!(!(!(
!(
!(

!(
!(!(

!(

!(

!(!(
!(!(

!(!(!(

!(

!(

!(
!(

!(
!( !(

!(!(

!( !(

!(

!(!(!(

!(!(
!(

!(!(

!( !(!(!(

!(!(!(
!(!(

!(
!(
!(

!(
!(!(!(!(

!(!(!(

!(

!(
!(

!(
!(!(!( !(

!(

!( !(

!(

!(!(

!(

!(
!(
!(!(

!(!(

!(!(

!(

!(!(
!(

!(!(

!(
!(!(

!(

!(

!(!(!(!(
!(
!(!(!(

!(!(

!(

!(!(!(

!(

!(!(

!(
!(

!(
!(

!(!(
!(

!(
!(!(!(

!(!(
!(

!(!(
!(!(

!(

!(!(!(

!(

!(

!(

!(

!(!(

!(!(

!(!(
!(!(

!(
!(

!(!(!(

!(!( !(!(

!(!(!(
!(!(!(

!(

!(!(

!(!(

!( !( !(
!(

!(
!(

!(!(

!(

!(
!(

!(!( !(

!(

!(
!(
!(

!(

!(

!(!(

!(
!(

!(

!(

!(

!(!(

!(
!(

!(

!(

!(!(!(!(

!(
!(
!(

!(
!(

!(!(

!(!(
!(!(

!(!(

!(!(

!(

!(

!(

!(!(

!( !(!(

!(!(

!(!(!(
!(

!(
!(!(!(

!(
!(
!(

!(

!(
!(!(

!(

!(
!(
!(

!( !(
!(!(

!(
!(!(

!(
!(!(!(

!(
!(
!(!(
!(

!(

!(

!(!(

!(

!(

!( !(

!(!(!(!(

!(

!(!(!(
!(

!(
!(!(!(!(

!(

!(
!(!(!(

!(
!(

!(!(

!(
!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(
!(

!(!(!(!(

!(!(

!(
!(

!(

!(!(

!(

!(!(

!(

!(

!(
!(!(

!( !(

!(

!(!(

!(!(

!(
!(!(
!(!(

!(
!(

!(!(!(
!(!(

!(
!(

!(

!(!(

!(
!(

!(

!(
!(

!(

!(!(

!(

!(!(

!(

!(!(

!(!(

!(
!(

!(
!( !(!(!(

!(

!(

!(
!(
!(!(

!(!(!(

!(!(

!(

!(
!(

!(

!(!(

!(!(!(

!(!(!( !(
!(!(

!(!(
!(!(

!(
!(!(!(
!(
!(

!(
!(

!(
!(
!( !(!(!(

!(!(!(
!(

!(!(

!(!( !(!(

!(

!(!(!(!(
!(

!(!(
!(!(!(!(!(

!(

!(
!(!(

!(!(
!(

!(

!(!(!(

!(
!(!(

!(!(
!(
!(!(
!(!(

!(!(
!(
!(
!(!(

!(

!(

!(

!(

!(
!( !(

!(
!(

!(
!(!(!(

!(

!(!(

!(

!(

!(!(!(
!(!(

!(!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(!(!(

!(!(!(!(!(

!(!(!(!(

!(

!(
!(
!(

!(!(!(!(

!(
!(
!(

!(
!(

!(!(!(
!( !(

!(!(
!(!(!(

!(

!(

!(!(!(

!(

!(

!(!(

!(!(!(

!(
!(

!(

!(!(!(

!(

!(

!(
!(!(

!(!(
!(!(

!(

!(

!(
!(!(
!(

!(!(
!(!(

!(!(
!(

!(
!(
!(

!(
!(
!(!(!(!(

!(
!(
!(
!(!( !(

!(
!(

!(
!(!(!(!(!(
!(!(!(!(!(!(!(!(

!(

!(

!(
!(

!(

!(

!(!(
!(
!(!(!(!(

!(!(

!(

!(

!(!(
!(!(

!(!(

!(!(

!(
!(!(!(

!(!(
!( !(!( !(

!(

!(
!(

!(!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(!(

!( !(

!(!(

!(

!(

!(

!(

!(!(!(

!(!(!(
!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(!(

!(!(

!( !(!(

!(

!(

!(

!(!(!(

!(!(

!(!(!(
!(!(

!(

!(
!(

!(!(!(

!(

!(!(!(!(

!( !(!(

!(

!(

!(

!(!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(!( !(!(

!(

!(

!(

!(

!(

!(!(

!(

!(!(

!(!(

!(
!(
!(

!(!(
!(
!(
!(

!(!(
!(

!(

!(
!(

!(

!(
!(
!(

!(

!(

!(

!(!(

!( !(

!(

!(!(!(

!(
!( !(!(

!(

!(!(

!(
!(
!(
!(

!(
!(

!(
!(!(

!(

!(

!(

!(

!(

!(
!(!(!(

!(!(
!(

!(
!(

!(!(

!(!(
!(

!(
!(
!(

!(

!(

!(
!(!(

!(!(

!(
!(
!(

!(

!(

!(

!(!(

!(

!(

!(
!(!(

!(

!(

!(
!(

!(

!(
!(

!(
!(

!(

!(
!(!(!(!(

!(
!(
!( !(
!(

!(
!(

!(
!(
!(
!(

!(
!(

!(

!(

!(

!(

!(

!(!(!(
!(

!(!(
!(!(

!( !(!( !(

!(

!(
!(
!(

!( !(

!( !(!(!(

!(

!(
!(

!(

!(

!(
!(!(

!(!(!(!(
!(
!(

!(
!(
!(
!( !(

!(!(

!(

!(

!(!(

!(

!(
!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(

!(
!(

!( !(
!(
!(

!(
!(

!(!(

!(

!(
!(
!(
!(
!(

!(!(

!(

!(

!(

!(

!(

!(
!(!(

!(!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(
!(

!( !(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(!(
!( !(

!(!( !(

!(
!(

!(
!(

!(

!(!( !(!(

!(!(
!(!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(!(

!(

!(!(

!(

!(!(
!( !(
!( !(

!(
!(
!(

!(!(

!(!( !(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(
!(

!(
!(!(

!(

!(
!(

!(

!(!(
!(!(

!(
!(

!(
!(

!(!(
!(

!(

!(

!(
!( !(

!(!(
!(!(

!(

!(

!(
!(

!(

!(

!(
!(

!(!( !(

!(
!(

!(

!(

!(
!(

!(

!(
!(

!(
!(
!(!(

!( !(

!(
!(

!(

!(

!(
!(

!(

!(
!(

!(!(

!(

!(
!(

!(
!(!(!(!(

!(!(

!(!(!(!(!(

!(!(!(
!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(
!(!(
!( !(!(

!(

!( !(

!(

!(

!(

!( !(

!(
!(!(

!(

!(

!(!(
!(

!(

!(

!( !(
!(

!(!(
!(

!(

!(

!(
!(

!(

!(
!(!(!(

!(

!(

!(
!(
!(!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(
!(!(!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(
!(

!(!(!(

!(

!(
!(
!(

!(!(

!(

!(

!(
!(
!(

!(!(
!(!(

!(

!(

!(

!(!(!(

!(

!(!(!(

!(!(

!(

!(

!(

!(

!(
!(
!(

!(

!(

!( !(

!(

!(
!(

!(
!(

!(!(
!(

!(!( !(!(

!(!(!(

!(!(!(!(
!(

!(
!(!(

!(

!(!(!(!(

!(
!(
!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(

!(
!(

!(

!(
!(

!(
!(
!(

!(
!( !(!( !(

!(

!(

!(
!(

!(!(
!(!(!(

!(

!(

!(

!(

!(

!(
!(

!(
!(

!(
!(

!(

!(

!(
!(

!(
!(

!(
!(

!(

!(

!(!(

!(

!(

!(
!(

!(
!(!(
!(!( !(!( !(

!(

!(

!(
!( !(

!(!(

!(
!(
!(

!(

!(!(!(
!(!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(!(!(
!(

!(
!(

!( !(

!(

!(
!(!(

!(

!(
!(

!(

!(

!(

!(!(

!(
!(!(

!(

!(!(

!(
!(

!(

!(!(
!(
!(!(

!(!(

!(

!(

!(

!(

!(

!(
!(
!(

!(

!(

!(!(
!(

!(
!(

!(

!(

!(
!(

!(!(
!(

!(!(

!(

!(!(

!(

!(

!(

!(!(

!(

!(!(

!(!(

!(

!(
!(!(!(

!(!(

!(!(!(!(

!(!(!(
!(!(!(

!(!(

!(!(

!(
!(

!(

!(!(!(!(

!(!(!(!(!(!(!(

!(!(!(
!(!(

!(!(

!(
!(!(
!(!(

!(

!(!(!(

!(

!(!(!(!(

!(

!(!(
!(!(
!(!(!(!(!( !(!(

!(!(!(!(

!(

!(!(

!(!(

!(!(!(

!(

!(

!(

!(

!(

!( !(!(

!(!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!(
!(

!(
!(!(
!(

!(

!(!( !(!( !(!( !(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(
!(!(

!(

!(

!(!(

!(!(!(!(!(!(

!(!(

!(!(

!(
!(!(

!(!(

!(

!(!(

!(!(!(!(

!(!(
!(!(!(

!(!(!(

!(!(

!(!(!(!(!(
!(!(!(!(

!(!(!(!(

!(!(
!(!(!(!(!(

!(!(!(!(

!(!(

!(!(
!(!(

!(

!(

!(
!(

!(
!(!(

!(

!(!(

!(
!(

!(

!(!(!(

!(!(

!(

!(!(!(
!(!(!(
!(!(
!(
!(

!(
!(

!(!(

!(!(
!(!(

!(!(!(

!(

!(!(
!(

!(

!(!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(
!(!(

!(

!(
!(

!(

!(

!(!(

!(!(

!(
!(!(

!(!(

!(

!(!(!(

!( !(
!(

!(
!(

!(

!(

!(

!(

!(

!(

!( !(!(!(!(!(!(

!(!(!(!(!(!(!(!(!(!(!(

!(!(

!(!(
!(!(!(!(

!(!(

!(

!( !(!(!(

!(!(

!(

!(!(
!(!(

!(

!(
!(

!(

!(

!( !( !(!(

!(

!(

!(!(
!(!(

!(!(

!(

!(

!( !(

!(

!( !( !(

!(!(!(!(!(

!(

!(

!(

!(!(

!(!(

!(!(

!(!(!(!(!(!(

!(!(

!(
!(

!(

!(
!(!( !(

!(

!(!(!(!(

!(!(

!(!(

!(!(

!(
!(!(!(!(

!(
!(

!(

!(!(

!(!(!(
!(

!(

!(!(!(!(!(!(!(!(
!(!(

!(
!(

!(

!(

!(!(
!(!(!(!(!(!(

!(!(
!(!(

!(!(

!(

!(
!(

!(
!(

!(
!(
!(
!(!(!(

!(!(
!(

!(!(
!(!(
!(
!(

!(

!( !(!(
!(

!(!(
!(

!(

!( !(!(

!(!(

!(!(
!(

!(

!(
!(

!(

!(!(

!(!(
!(

!(
!(

!(
!(

!(
!(

!(

!( !(

!(

!(

!(
!(!(

!(!(!(!(!(!(
!(!(!(!(

!(!(

!(!(

!(!(

!(!(!(!(

!(!(

!(!(!(

!(!(!(!(!(!(
!(!(!(

!(
!(!(
!(

!(

!(!(!(

!(
!(

!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(!(!(
!(

!(

!(!(

!(

!(
!( !(!(!(

!(!(!(!(

!( !(

!(

!(!(

!(
!(

!(

!(

!(!(!(!(

!(!(
!(!(!(!(!(

!(

!(

!(!(!(!(!(!(

!(

!(!(
!(

!(

!(

!(

!(!(!(
!(!(
!(!(!(!(!(!(!(!(!(!(!(!(

!(!(!(

!(!(!(!(!(!(

!(!(!(

!(!(
!(!(

!(!(

!(!(

!(

!(!(
!(!(!(!(

!(

!(

!(

!(!(

!(!(!(

!(
!(

!(

!(!(

!(!(!(!(!(!(!(!(!(!(

!(
!(

!(!(!(!(
!(!(!(!(

!( !(!(!(!(!(
!(!(!(!(!(

!(!(!(
!(!(!(!(!(

!(
!(!(!(!(

!(!(

!(

!( !(

!(!(

!( !(
!(!(

!( !(

!(

!(

!(

!(!( !(

!(!(

!(
!(

!(
!(!(!(

!(!(

!(!(

!(!(!(!(!(!(!(

!(!(!(
!(

!(!(
!(!(!(!(!(

!(!(!(!(!(!(!(!(!(
!(!(!(!(
!(

!(

!(

!(

!(!(

!(

!( !(

!(!(!(

!(
!(!(!(

!(

!(!(
!(!(!(
!(

!(!(

!(

!(

!(

!(!(!(!(

!(!(

!(!(!(
!(

!(!(!(!(!(!(
!(!(!(

!(!(

!(!(

!(!(

!(

!(

!(

!(

!(
!(

!(!(!(

!(

!(

!(

!(

!(

!(!(

!(!(

!(
!(!(
!(!(!(!(!(
!(

!(!(
!(!(!(

!(!(!(!(!(!(

!(!(!(

!(!(

!(!(

!(

!(!(

!(!(

!(!(!(!(
!(
!(!(

!( !(
!(

!(

!(

!(

!(

!(
!(

!(!(

!(

!(!(

!(
!(

!(
!(!(

!(

!(!(

!(

!(

!(!(!(

!(

!(

!(!(

!(!(!(

!(!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(!(!(

!(

!(!(!(!(

!(

!(

!(
!(
!(!(!(

!(!(

!(
!(

!(

!(!(

!(!(!(!(!(!(!(

!(!(

!(

!(

!(

!(

!(!(!(

!(

!(

!(
!(
!(
!(

!(

!(!(
!(

!(

!(
!(!(

!(

!(
!(

!(
!(!(
!(

!(
!(
!(

!(
!(!(
!(

!(!(
!(

!(!(
!(

!(!(
!(!(!(

!(

!(

!(

!(

!(
!(

!(!(

!(!(

FIGURE 6-3

California Water Service Company
Chico - Hamilton City District Water Supply

and Facilities Master Plan
SKELETONIZATION
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Figure 6-6. Cal Water's Station Verification for Pressure Zone 350
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Figure 6-7. Cal Water's Station Verification for Pressure Zone 350

Station 26 Flow
Pressure Zone 350 - 07/20/06 to 07/21/06
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Figure 6-8. Cal Water's Station Verification for Pressure Zone 350

Station 49 Flow
Pressure Zone 350 - 07/20/06 to 07/21/06
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Figure 6-9. Cal Water's Station Verification for Pressure Zone 350

Station 68 Flow
Pressure Zone 350 - 07/20/06 to 07/21/06
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Figure 6-10. Cal Water's Station Verification for Pressure Zone 350

Station 71 Flow
Pressure Zone 350 - 07/20/06 to 07/21/06
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Figure 6-10A. Cal Water's Pressure Zone 350 Stations 48, 51 and 52
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Figure 6-11. Pressure Comparison Between Field Recording and Model Simulation in 
Pressure Zone 350
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Figure 6-12. Cal Water's Station Verification for Pressure Zone 400
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Figure 6-13. Cal Water's Station Verification and Pressure Comparison Between Field 
Recording and Model Simulation in Pressure Zone 400
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Figure 6-14. Cal Water's Station Verification for Pressure Zone 475
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Figure 6-15. Cal Water's Station Verification for Pressure Zone 475
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Figure 6-16. Pressure Comparison Between Field Recording and Model Simulation in 
Pressure Zone 475

HPR B-2: Hancock Drive
Pressure Zone 475 - 07/11/06 to 7/18/06
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Figure 6-17. Cal Water's Station Verification for Pressure Zone 635

Station 66 A & B Flow
Pressure Zone 635 - 07/12/06 to 07/13/06
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Figure 6-18. Pressure Comparison Between Field Recording and Model Simulation in 
Pressure Zones 635 and 795

HPR B-11: Canyon Oaks Terrace
Pressure Zone 635 - 07/12/06 to 7/13/06
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Figure 6-19. Cal Water's Station Verification for Pressure Zone 795

Station 66 C & D Flow
Pressure Zone 795 - 07/12/06 to 07/13/06
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Figure 6-20. Cal Water's Station Verification for Hamilton City

Station 1-01 Flow
Hamilton City - 07/12/06 to 07/13/06
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Figure 6-21. Pressure Comparison Between Field Recording and Model Simulationin Hamilton City

HPR B-15: Second Street
Hamilton City - 07/12/06 to 7/13/06
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Chapter 7:  Inventory and Assessment of Facilities 
Conditions and Capacity

Chapter Highlights:

The purpose of this chapter is to provide Cal Water with a summary of the inventory and assessment 
WYA conducted for Cal Water Chico-Hamilton City District’s water system. This chapter documents 
the inventory of the existing pumping and storage facilities as well as the SCADA systems owned and 
operated by Cal Water’s Chico-Hamilton City District. This chapter also describes the general 
condition and capacities of the facilities obtained through a “desktop level” assessment. Major 
deficiencies identified through the conditions assessment and recommendations to address those 
deficiencies are provided in this chapter. This information will be used with the water supply 
evaluation and hydraulic analysis to develop the long term capital improvement program for the Chico-
Hamilton City District Water Supply and Facility Master Plan.

The intent of this system facilities conditions and capacity assessment is to determine the general 
condition of each facility through a “desktop level” evaluation of the data available from Cal Water’s 
files. Any data gaps discovered during the database search were reported to Cal Water. Through 
discussions with Cal Water staff and limited site-specific visual observations, WYA developed an 
updated system inventory of the Chico-Hamilton City District.
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Cal Water Chico-Hamilton City District staff indicated that the following 
improvements would be helpful in the operation of the Chico-Hamilton City 
District System:

R&R Projects
Reactivate the inactive Station 033 (in process)
Install GAC system for Stations 040 for reactivation of the station
Rehabilitate Station 058 to remove odor, taste and color
Complete interior painting for Tank 2 of Station 001 in the Chico system (in 
progress)
Replace cathodic protection anodes for Tank 2 of Station 001 in the Chico 
system (by 2007)
Paint the exterior of Tank 1 at Station 066 and the interior of Tank 3 at Station 
008 in the Chico system (by 2007)
Paint the interior of Tank 4 at Station 003 in the Chico system (by 2008)
On an on-going basis, replace all oil lube type pumps to water lube type pumps 
with a mechanical seal
On an on-going basis, continue to relocate disinfectant supplies and dosing 
equipment out of the pump facilities into a fiberglass shed or separate room in 
the pump buildings. 
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CHAPTER 7. INVENTORY AND ASSESSMENT OF 
FACILITIES CONDITIONS AND CAPACITY 

The purpose of this Chapter is to provide Cal Water with a summary of the inventory and 
assessment WYA conducted for Cal Water Chico-Hamilton City District’s water system. This 
chapter documents the inventory of the existing pumping and storage facilities as well as the 
SCADA systems owned and operated by Cal Water’s Chico-Hamilton City District. This chapter 
also describes the general condition and capacities of the facilities obtained through a “desktop 
level” assessment. Major deficiencies identified through the conditions assessment and 
recommendations to address those deficiencies are provided in this Chapter. This information will 
be used with the water supply evaluation and hydraulic analysis to develop the long term capital 
improvement program for the Chico-Hamilton City District Water Supply and Facility Master 
Plan. 

Key sections of this chapter include: 

• Summary of Key Findings 

• Assessment Process 

• Station Assessment 

• Renewal and Replacement Schedule 

SUMMARY OF KEY FINDINGS 

Specific improvement recommendations will be developed in conjunction with the findings from 
the water supply evaluation and the hydraulic analysis of facilities in the Chico-Hamilton City 
District’s Water Supply and Facilities Master Plan. The improvements will depend on the 
groundwater supply recommendations, which will determine where future supply sources will be 
located, and the hydraulic evaluation of the distribution system, which will determine where 
additional capacity may be needed. 

The intent of this system facilities conditions and capacity assessment is to determine the general 
condition of each facility through a “desktop level” evaluation of the data available from Cal 
Water’s files. Any data gaps discovered during the database search were reported to Cal Water. 
Through discussions with Cal Water staff and limited site-specific visual observations, WYA 
developed an updated system inventory of the Chico-Hamilton City District. The results of this 
updated system inventory and assessment are summarized in Table 1 of Appendix N. 

WYA also interviewed Cal Water Operations and Engineering staff to evaluate the reporting 
needs and requirements for the existing SCADA system. WYA used this information in an 
assessment of Cal Water’s SCADA system to make recommendations to improve the accuracy, 
usefulness and timeliness of information for cost-effective operational control of the Chico-
Hamilton City District water system. The following paragraphs provide a summary of the key 
findings of our inventory and general condition assessment. 
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Booster Pump and Motors 

A total of eight active booster pumps and motors (Stations 16, 50, 66, and 73) are located in the 
Chico-Hamilton City District with various age distributions (see Figures 7-1 and 7-2). The oldest 
is located in Station 50. Based on its age of 27 years, this booster pump requires renewal and 
replacement (R&R). However, no R&R is recommended for this booster pump since it is 
currently inactive. The booster pump at Station 16 received an R&R in 2000 and was operating at 
a 71 percent operating efficiency. Booster Pumps 66A and 66B are each 16 years old. Although 
within the typical design life1, these booster pumps may need R&R based on their operating 
efficiencies of 41 percent and 58 percent, respectively. The remaining four booster pumps (66C 
and 66D) at this station were installed in 2001 and only scheduled maintenance is required. The 
two booster pumps in Station 73, which fill Tanks 1 and 2 at Station 66, were newly installed in 
2004. Installing and operating a new booster pump downstream of the elevated tanks (i.e. at 
Station 001 in Chico) would improve tank cycling. 

Wells 

The median age of the 60 active wells within the Chico-Hamilton City District is 39.5 years. 
Approximately 42 percent of the active wells have reached or exceeded the typical design life 
(see Figure 7-3). Since the remaining useful life of a well cannot be determined by age alone, it is 
recommended that the Chico-Hamilton City District examine the structural integrity of the well 
casing. Based on the limited well video records collected to date, Chico-Hamilton City District 
staff does not recall any wells with failing or damaged well casing. To accurately assess the well 
condition and determine the maintenance required, it is recommended that a Well Management 
Plan, similar to that recommended for the Salinas District, be developed for the continued use of 
aging wells. Water quality is discussed individually in the groundwater supply section of the 
Water Supply and Facilities Master Plan. Based on the age and discussions with Chico-Hamilton 
City District staff, WYA’s recommendations are as follows: 

• Station 040 should be reactivated with GAC well head treatment as planned, 

• Reactivate Station 033 (in process), and 

• Rehabilitate the well at Station 058 for odor, taste and color. 

This should occur within the next five years as a part of the R&R activities. 

                                                 

1 The typical design lives assumed are 45 years for wells, 25 years for mechanical equipment (booster pump and 
motors, and well pump and motors), 60 years for steel tanks (elevated, ground level, and pressurized), and 10 years 
for SCADA equipment. This is based on WYA’s experience, professional judgment, and industry standards. 
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Well Pump and Motors 

The median ages of the Chico-Hamilton City District’s well pumps and well pump motors are 14 
years and 18 years, respectively. This is due to the significant R&R activities in the last 20 years. 
Given that the typical design life for mechanical equipment, such as pumps and motors, is 
typically 20 to 25 years, approximately 33 percent of the active well pumps and 37 percent of the 
active well pump motors have reached or exceeded their typical design life (see Figures 7-4 and 
7-5). Age alone does not determine the remaining useful life of well pumps and motors. The age, 
in combination with the operating efficiency and the number of operating hours, should be used 
to set priorities for the R&R activities. Based on discussions with Chico-Hamilton City District 
staff, the Chico-Hamilton City District has started to replace pumps with oil lube-type lubrication 
mechanisms because they pose growth opportunities for bacteria at the water-oil interface. The 
Chico-Hamilton City District has started replacing the well pumps with water lube type pumps. 
Certain water lube-type well pumps are sealed by a packing gland which leaks and creates 
opportunity for corrosion around the well heads. WYA recommends all oil lube pumps be 
replaced with water lube type with a mechanical seal. 

Tanks 

The Chico-Hamilton City District maintains seven steel storage tanks for Chico and one for 
Hamilton City with various age distributions (see Figure 7-6). Four of the seven storage tanks in 
Chico are elevated while the remaining three are at grade. All elevated tanks have either reached 
or exceeded the typical design life. Two of the oldest elevated tanks (Tanks 1 and 2 at Station 001 
in Chico) have become landmarks within the City of Chico.  

Elevated tanks in Chico do not cycle, because the normal pressure in the downtown area is greater 
than the hydraulic grade line (HGL) of the tanks. Although booster pumps downstream of the 
elevated tanks would provide turnover, the Chico-Hamilton City District currently drains the 
tanks periodically to minimize the effects of stagnation (i.e., dissipation of chlorine and growth of 
bacteria). The one tank in Hamilton City is elevated, and although only a 25,000 gallon-tank, the 
Chico-Hamilton City District decided to continue maintaining this tank since it provides system 
pressure and successfully prevented water supply contamination during flood events in the past. 
The Chico-Hamilton City District also maintains three welded steel tanks at grade; these tanks 
have been recently constructed and are within their typical service life. 
As part of the Chico-Hamilton City District’s on-going tank maintenance, the following has been 
scheduled: 

• Station 001 Tank 2 - Complete interior painting (currently in progress) 

• Station 001 Tank 2 - Replace cathodic protection anodes (by 2007) 

• Station 066 Tank 1 - Paint exterior (by 2007) 

• Station 008 Tank 3 - Paint interior (by 2007) 

• Station 003 Tank 4 - Paint interior (by 2008) 
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Based on discussions with Chico-Hamilton City District staff, WYA recommends that the 
hydraulic model of the Chico-Hamilton City District be simulated to assess the benefit of 
installing booster pumps at the base of elevated tanks to improve tank cycling. 

Auxiliary Power 

Of the 63 active well and booster pump stations in the Chico-Hamilton City District, 24 are 
equipped with auxiliary power sources in the form of generators, petro-powered direct drive 
motors or are connected to a auxiliary power source in another station. The Chico-Hamilton City 
District maintains these generators or petro-powered direct drive motors by running each for two 
30-minute periods monthly, and providing annual preventative maintenance such as oil change 
and battery testing. Although some are very old, the Chico-Hamilton City District has no plans to 
replace any of the auxiliary power supplies in the near future. 

Disinfectant Storage 

Although disinfection equipment for chlorine tablets were found in some of the inactive stations 
visited, the Chico-Hamilton City District currently uses sodium hypochlorite as a disinfectant to 
maintain chlorine residuals in the water supply. With the exception of Stations 061 and 062 in the 
Chico system, which are equipped with sodium hypochlorite generators, the disinfectant supply is 
provided by a vendor in 15- or 50-gallon plastic bins. 

As evident in several stations, chlorine vapor accelerates the corrosion of nearby mechanical and 
electrical equipment. The Chico-Hamilton City District is in the transition of relocating these 
disinfectant supplies and dosing equipment from the pump building to a dedicated storage room 
such as a separate partitioned room in the pump building or storage shed outside the pump 
building. The Chico-Hamilton City District is installing approximately five storage sheds per year 
for this purpose. Any weight on top of the disinfectant storage bins, including the dosing 
equipment, should be removed to maintain the structural integrity of the bins and the dosing 
equipment warranties. 

While some of the stations with separate partitioned room for storing the disinfectant were 
missing the secondary containment or ramp to the secondary containment, all designated 
disinfectant storage facilities were equipped with eye wash stations, a dosing equipment stand, 
and a ventilation fan. 

Telemetry Systems 

The SCADA system at the Chico-Hamilton City District consists of a central computer located at 
the Chico-Hamilton City District office building, 34 remote sites with Remote Telemetry Units 
(RTU), and sensors and switches. The main antenna, repeater and switching equipment are 
installed in Station 66. The Chico-Hamilton City District maintains three radio frequency 
channels for SCADA communication. 
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Approximately half of the Chico-Hamilton City District stations are equipped with chart 
recorders only. Generally, operations staffs have experienced stable data transmissions from all 
remote sites. However, it was observed during a site visit that some of the flow and pressure data 
reported by SCADA did not match the chart recorder values. WYA recommends SCADA 
calibration and continued installation of SCADA system to stations equipped with only chart 
recorders.  

Based on our meetings with Cal Water operation and engineering staff, the following capital and 
maintenance considerations for the Chico-Hamilton City District are recommended. 

Capital Considerations: 

The Chico-Hamilton City District will be adding new RTUs to remote sites as planned in 2005. 
The Chico-Hamilton City District should consider the following when installing new or replacing 
old and/or damaged RTUs: 

• Using SCADAPack RTUs. 

• Monitoring, at a minimum, flow, pressure, and pump status at each location.  

• Installing power meters to interface with the RTU to monitor the well efficiencies at 
each site. 

• Installing on-line chemical testing (total chlorine and nitrates) monitored by SCADA. 

• Installing security alarms and cameras at high risk locations with digital video 
recorders located at each site, and video transferred on demand to a central viewing 
location. 

Maintenance Considerations: 

The Chico-Hamilton City District should continue their scheduled maintenance program to track 
all equipment installation dates, regular maintenance and calibrations. The following is a minimal 
list of what should be considered for maintenance of the SCADA system: 

• The Chico-Hamilton City District should continue to maintain its FCC licensed radio 
frequencies for SCADA communications to ensure the integrity of the SCADA 
system. 

• The Chico-Hamilton City District should have a spare computer, preloaded with 
SCADA software, to quickly replace any failed computer. 

• SCADA graphics programming should be maintained constantly to meet the needs of 
operations of the Chico-Hamilton City District system. 

• SCADA software should be maintained to meet version upgrade needs.  

• The Chico-Hamilton City District should have several RTUs on hand for emergency 
repair needs, and at least one of each type of instrumentation equipment (this will 
shorten down time for any one RTU site). 
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• The Chico-Hamilton City District should expect that at least six RTUs, or about 10 
percent of the total RTUs, will need to be replaced every year (this will allow for 
rotating out all RTUs every ten years). 

A more detailed assessment for the Chico-Hamilton City District’s SCADA system is 
documented in a separate memorandum in Appendix O. 

ASSESSMENT PROCESS 

The assessment process was limited to specific site visits, discussions with Chico-Hamilton City 
District operation and engineering staff and review of the system schematic, system map and 
facilities data provided by the Chico-Hamilton City District. A site visit to twenty-two (22) 
stations was conducted on July 26, 2006; the inspection team consisted of WYA and Chico-
Hamilton City District operations staff. The typical process followed in assessment for the Chico-
Hamilton City District facilities was as follows: 

• Asset Inventory 

• Record Examination 

• Staff Interviews 

• Visual Survey 

A summary of each process is provided in the following sections. 

Asset Inventory 

A general inventory of the major assets owned by the Chico-Hamilton City District was 
developed based on interviews with Chico-Hamilton City District staff and the following 
databases: 

• CH_Pumps 3 2006.xls 

• CH_Wells 3 2006.xls 

• CH_Tanks 3 2006.xls 

• CH_Most_Recent_Pump_Test 5 2006.xls 

• A maintenance projects list for tanks painting 

• Chico-Hamilton City SCADA Telemetry.xls 

• Station Equipment Profile for Hamilton City stations (PDFs) 

Asset inventories include existing wells, well pumps and motors, booster pumps and motors, 
storage tanks, hydropneumatic tanks, SCADA systems, and structures that house any of the above 
equipment. 
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A summary of the number of asset inventory for Chico-Hamilton City District facilities is 
provided in Table 2 of Appendix N. 

Record Examination 

WYA reviewed the “2006 Maintenance Tour” report for the Chico-Hamilton City District, 
conducted by the Engineering-Maintenance Department from February 28 to March 1, 2006. 
WYA also reviewed the 2006 Annual Inspection Report for the Chico system and the 2005 
Annual Inspection Report for the Hamilton City system prepared by California Department of 
Health Services (District No. 21). No study addressing the seismic concerns for the elevated tanks 
was available. 

Staff Interview 

Interviews of the operation, maintenance, and SCADA systems staff were critical to the 
conditions assessment. These interviews verified inventories, communicated operations and 
maintenance issues, and delineated specific facilities with deficiencies. WYA interviewed Chico-
Hamilton City District staff at the District office in Chico, and Cal Water staff at the Cal Water 
Corporate office in San Jose, California. 

Visual Survey 

A site-specific field visit was led by Chico-Hamilton City District operations staff on July 26, 
2006. Stations visited were 001, 004, 013, 016, 021, 024, 026, 031, 033, 040, 042, 044, 046, 053, 
056, 058, 059, 061, 064, 066, 068, and 071. These stations were selected to include inactive 
stations, stations with known deficiencies, stations currently inactive but planned for 
rehabilitation, and well maintained stations. Conditions Assessment Forms for the stations visited 
are included in Appendix P. Photos taken onsite during the visit are provided in Appendix Q. The 
conditions assessment was performed by grouping the facilities by their condition, including “E” 
for excellent condition, “A” for average condition, and “P” for poor condition. A facility with an 
“E” rating is in good working order with no deficiencies. A facility with an “A” rating is in good 
working order with signs of wear and tear but free of no major deficiencies. A facility with a “P” 
rating is in need of R&R as the functionality of the facility is compromised by one or more 
significant deficiencies. 

Information pertaining to stations not visited was obtained from interviews, historical photos, and 
other records provided by the Chico-Hamilton City District. 

STATION ASSESSMENT 

The Chico-Hamilton City District has 60 active stations located throughout the Chico-Hamilton 
City distribution system. A majority of these stations include a well which serves as a source of 
water supply for the Chico-Hamilton City District. Commonly found in a station are wells, 
booster pumps, hydropneumatic tanks and storage tanks. 
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Overall, the Chico-Hamilton City District’s water system facilities are well maintained and 
operated by highly qualified professional staff. Brief descriptions of each station visited followed 
by general conditions and capacities noted in the field are provided below. Photos of the facilities 
discussed are provided in Appendix Q. A summary of the recommendations is presented in Table 
3 of Appendix N. 

Station 001 

This station is located  and is currently active. It consists of an 
electrical panel with a corrugated metal pane mounted on the top as a roof, it also has a well, 
SCADA system, a plastic shed intended for storing chlorine equipment and supplies, and two 
elevated storage tanks. This station has no auxiliary power. 

The well was installed in 1909. The total depth of the well is 499 feet with a 10-inch diameter 
well casing extending to a depth of 499 feet. The static depth to water is approximately 75 feet. 
The well is equipped with a Byron Jackson pump. This pump was installed in 1952 with a design 
flow of 500 gpm at 214 feet of head. Installed in 1952, the pump motor is rated at 35 hp, 
manufactured by U.S. Electric Motors. The most recent pump test was performed in 2000, at 
which time the operating efficiency of 44 percent was obtained. The California Public Utilities 
Commission's rating on this pump is “Low.” The Chico-Hamilton City District operated this well 
4 percent of the time from 2000 to 2001. 

Tank 1 was installed in 1905 and has a capacity of 70,000 gallons. Tank 2 was installed in 1913 
and has a capacity of 130,000 gallons. The elevated tanks are made of welded steel, each with a 
cone roof and are supported by four truss columns on concrete footings. The bottom of Tanks 1 
and 2 are above grade 86 feet and 78 feet, respectively. These tanks are rarely cycled due to the 
normal system pressure which is maintained above the hydraulic grade line of these two tanks. 
The tanks are painted and the Chico-Hamilton City District maintains the cathodic protection. 
Matured trees surround the facility, but do not appear hazardous to the safety of the facilities. 

The well, which was off at the time of our visit, is only used occasionally according to the Chico-
Hamilton City District. The overall condition of the exterior paint appeared aged and minor rusty 
spots were noticeable at the bottom of the electrical panel. The Chico-Hamilton City District 
plans to paint the exterior of Tank 2 in the summer of 2006. 

The plastic storage shed did not contain any disinfectant supplies or disinfection equipment. The 
well and electrical panel are secured with chain link fence and a pad lock. The Chico-Hamilton 
City District plans to fence in the tanks in order to improve security. 

This station is equipped with a chart recorder and an RTU, and the discharge pressure and flow 
are recorded. The RTU (SCADAPack) was installed within the last 12 months. 

Based on the 2006 Maintenance Tour, the upper bearing of the motor is noisy when operating. 
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Recommendation: In the next 5 years, repaint Tank 2 and erect fencing along the perimeter of the 
tank site as planned. Investigate the noise from the upper bearing of the motor and complete the 
interior painting currently in progress at Tank 2. Replace cathodic protection anodes in 2007, and 
evaluate the integrity of the well casing. Also, evaluate the benefit of the two elevated tanks with 
a new booster pump installed downstream. 

Station 004 

This station is located  and is inactive due to low 
yield (approximately 200 gpm) and heavy sand. 

This station consists of an electrical panel, a well with a submersible pump and motor, and a 
plastic storage shed. A corrugated metal pane mounted on the top of the electrical panel serves as 
the roof. Calcium hypochlorite equipment is stored in the plastic storage shed, but it was 
inoperable due to lack of plumbing. This station has no auxiliary power. 

The well was installed in 1960. The total depth of the well is 766 feet with a 16-inch diameter 
well casing extending to a depth of 764 feet. The well is equipped with a Byron Jackson pump, 
Model 122CKMH. This pump was installed in 1960 with a design flow of 1,000 gpm at 217 feet 
of head. Installed in 1976, the pump motor is rated at 75 hp, manufactured by Byron Jackson 
(Model Type H). 

Overall paint condition was faded, and the electrical panel is secured with a pad lock. The Chico-
Hamilton City District has no immediate plans to reactivate this station. 

This station is equipped with a chart recorder and an RTU, and the discharge pressure and flow 
are recorded. The RTU (SCADAPack) was installed within the last 12 months. 

Recommendation: Provide the scheduled minimum maintenance. 

Station 013 

This station is located at the Corner of West 12th Street and Chestnut Street and is currently 
inactive due to water quality issues, primarily taste and odor. 

The station consists of a building that contains a well, a pump, and board-mounted electrical 
controls. The building is constructed of sheet metal siding on a concrete slab, which shows minor 
cracks. A sand trap is located next to the building. This station has no auxiliary power. 

The well was installed in 1948. The total depth of the well is 500 feet with a 16-inch diameter 
well casing extending to a depth of 500 feet. This station is equipped with a chart recorder only, 
and the discharge pressure and flow are recorded. 

Recommendation: Provide the scheduled minimum maintenance. 
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Station 016 

This station is located  and is currently active. This station consists 
of a building, in which the well and electrical control panel is placed, a two-stage air stripper for 
PCE, and a wet well and booster pump. The building, which is constructed with sheet metal 
siding, is approximately sized, however, is crowded by chlorine supplies and metering equipment. 
Two 50-gallon sodium hypochlorite bins were stored with no secondary containment or other 
safety measures, including an eye wash station. The building is in need of new interior and 
exterior paint. This station has no auxiliary power. 

The well was installed in 1949. The total depth of the well is 550 feet with 16- and 10-inch 
diameter well casings. The static depth to water is approximately 96.2 feet. The well is equipped 
with a Peerless pump, Model 10 HXB. This pump was installed in 1982 with a design flow of 900 
gpm at 110 feet of head. A new pump motor was installed in 2002. The most recent pump test 
was performed in 2002, results from this test indicated an operating efficiency of 77 percent. The 
California Public Utilities Commission's rating on this pump is “Excellent.” The Chico-Hamilton 
City District operated this well 78 percent of the time from 2000 to 2001. 

This station was pumping at the time of our visit. The air stripper, which is located outside of the 
building, draws the air from the inside of the pump building, providing ventilation for the 
building. The booster pump, which was repaired in March 2006, is placed on top of a wet well 
below ground. Tall trees nearby the air stripper unit are very close to the facility and could be 
hazardous during windy conditions. Chlorine equipment and a storage bin should be moved out of 
the building and stored in a separate shed equipped with secondary containment. 

This station is equipped with a chart recorder and an RTU, and the discharge pressure and flow 
are recorded. The RTU (SCADAPack) was installed within the last 12 months. 

Recommendation: In the next 5 years, trim branches of tall trees nearby, move the disinfection 
supply and equipment out of the pump building and store them in a separate shed equipped with 
secondary containment. Also, examine the conditions of the well and booster pump motor as they 
have lasted beyond the typical design life. 

Station 021 

This station is located between 1559 and 1575 Citrus Avenue and is currently active. This station 
consists of a small wooden building with an asphalt shingle roof, a well, a fiberglass shed, and a 
GAC treatment system. This station has no auxiliary power. 

The well was installed in 1953. The total depth of the well is 630 feet with 16- and 10-inch 
diameter well casings extending to a depth of 630 feet. The static depth to water is approximately 
70.1 feet. The well is equipped with a Layne & Bowler pump. This pump was installed in 1953 
with a design flow of 850 gpm. The pump motor is rated at 60 hp, manufactured by General 
Electric (Model 5KS364DT6005D2) and was also installed in 1953. The most recent pump test 
was performed in 2001, results from this test indicated an operating efficiency of 72 percent. The 
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California Public Utilities Commission's rating on this pump is “Excellent.” The Chico-Hamilton 
City District operated this well 94 percent of the time from 2000 to 2001. 

This station was pumping at the time of visit. Minor cracks were noted on the concrete slab. The 
floor was partially wet from the condensation around the piping due to cold groundwater. An 8 
foot by 8 foot fiberglass shed holds sodium hypochlorite supply in two 50-gallon bins and a 
metering pump by Alldos (Model 208). The two bins are placed in secondary containment. The 
GAC tower, which was moved from Station 015, is bolted to the concrete pad. Exterior paint on 
the GAC tower is in poor condition. The media was replaced one week prior to the field visit. The 
differential pressure was approximately 4 psi through the GAC tower. (With spent media, the 
head loss could be as much as 20 psi.) 

This station is equipped with a chart recorder and an RTU, and the discharge pressure and flow 
are recorded. The RTU (SCADAPack) was installed within the last 12 months. 

Recommendation: In the next 5 years, paint the exterior of the building and the GAC tower, and 
examine the conditions of the well and well pump as they have lasted beyond the typical design 
life. 

Station 024 

This station is located  and is currently active. This 
station consists of a small wooden building with an asphalt shingle roof, a well, and a fiberglass 
shed. This station has no auxiliary power. 

The well was installed in 1955. The total depth of the well is 601 feet with 16- and 10-inch 
diameter well casings extending to a depth of 601 feet. The static depth to water is approximately 
105.9 feet. The well is equipped with a Byron Jackson pump. This pump was installed in 1955 
with a design flow of 750 gpm at 255 feet of head. The pump motor is rated at 60 hp, 
manufactured by General Electric (Model 5KS364DT6005) and was also installed in 1955. The 
most recent pump test was performed in 2004, the results from this indicated an operating 
efficiency of 67 percent. The California Public Utilities Commission's rating on this pump is 
“Excellent.” The Chico-Hamilton City District operated this well 37 percent of the time from 
2000 to 2001. 

This station was pumping at the rate of 550 gpm during the July 2006 site visit. Interior and 
exterior paint conditions were adequate. The well is equipped with a board-mounted chlorine 
analyzer. The electrical panel is placed directly on the concrete floor. The pump packing is 
mechanically sealed. 

An 8 foot by 8 foot fiberglass shed holds sodium hypochlorite supply in two 50-gallon bins and a 
metering pump by Alldos (Model 508). The two bins are placed in secondary containment. This 
station is equipped with a chart recorder and an RTU (ModiCon), and the discharge pressure and 
flow are recorded. 

*** Public Version



 Chapter 7. Inventory and Assessment of Facilities Conditions and Capacity 

 

May 2008 7-12 California Water Service Company 
o:\c\436\02-06-03\wp\mp\060106ce7 Ch7  Chico-Hamilton City District 

  Water Supply and Facilities Master Plan 

The annual inspection report by DHS indicates this station was at one time equipped with a sand 
trap. It also indicates that the well was rehabilitated approximately 2 years ago and has had 
problems with bacteria. The Chico-Hamilton City District installed a continuous chlorine 
analyzer and monitors the chlorine residual level year-round. 

Recommendation: In the next 5 years, evaluate the conditions of the well and well pump motor as 
they have lasted beyond the typical design life. 

Station 026 

This station is located  and is currently active. A small wooden building 
(approximately 12 foot by 12 foot) with an asphalt shingle roof contains the well and the 
electrical panel. This station has no auxiliary power, but is equipped with secondary containment 
for an above ground fuel storage tank. 

The well was installed in 1959. The total depth of the well is 775 feet with a 16-inch diameter 
well casing extending to a depth of 778 feet. The static depth to water is approximately 129 feet. 
The well is equipped with a Layne & Bowler pump, Model 12RXL. This pump is an oil lube type 
pump, installed in 1990 with a design flow of 850 gpm at 270 feet of head. The pump motor is 
rated at 75 hp, manufactured by General Electric (Model 5KS6268XH1A), and was also installed 
in 1984. The most recent pump test was performed in 2001, and the results from this test 
indicated an operating efficiency of 65 percent. The California Public Utilities Commission's 
rating on this pump is “Good.” The Chico-Hamilton City District operated this well continuously 
in 2000 and 2001. 

The paint condition for the interior is adequate, but is in poor condition for the exterior. An 8 foot 
by 8 foot fiberglass shed behind the chain link fence holds the sodium hypochlorite supply in two 
50-gallon bins and a metering pump (Alldos Model 208). The electrical panel is placed directly 
on the concrete floor. The floor is stained and not clean. The station drawing shows a 500-gallon 
diesel tank, but no auxiliary power supply was noted at the time of the visit.  

This station is equipped with a chart recorder and an RTU, and the discharge pressure and flow 
are recorded. The RTU (SCADAPack) was installed within the last 12 months. 

Recommendation: In the next 5 years, paint the exterior of the pump building. 

Station 031 

This station is located between 1158 and 1164 E. Avenue and is currently active. This station 
consists of a small wooden building with an asphalt shingle roof, a well, and a fiberglass shed. 
The well was producing 700 gpm at the time of our visit (7/26/06 2:40 PM) with 70 psi discharge 
pressure. This station has no auxiliary power. 

The well was installed in 1960. The total depth of the well is 678 feet with a 16-inch diameter 
well casing extending to a depth of 678 feet. The static depth to water is approximately 100 feet. 
The well is equipped with a Layne & Bowler pump (Model 12RL). This pump was installed in 
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1996 with a design flow of 950 gpm at 240 feet of head. The pump motor is rated at 75 hp, 
manufactured by U.S. Electric Motors was also installed in 1996. The most recent pump test was 
performed in 2004, and the results from this test indicated an operating efficiency of 63 percent. 
The California Public Utilities Commission's rating on this pump is “Good.” The Chico-Hamilton 
City District operated this well 41 percent of the time from 2000 to 2001. 

The motor is oil lubed and very loud, however the oil level was good. This station is operated 
continuously during the summer. Poor exterior paint condition was noted. Minor cracks on 
concrete slab were noted. One of the exterior louvers was bent, but functional. An 8 foot by 8 foot 
fiberglass shed behind the new chain link fence holds the sodium hypochlorite supply in two 50-
gallon bins and a metering pump (Alldos Model 208). The electrical panel was placed directly on 
the concrete floor. 

This station is equipped with a chart recorder only and the discharge pressure and flow are 
recorded. 

According to the annual inspection report by DHS, water looks greenish at start up for unknown 
reason, so the initial discharge is wasted into a storm drain. Based on the maintenance tour, the 
paint is in poor condition. 

Recommendation: Paint the exterior of the building, and verify the existence of the auxiliary 
power supply. 

Station 033 

This station is located  and is inactive due to water quality issues. 
However, this station is expected to be reactivated upon the completion of recent rehabilitation 
work. 

This station consists of a small wooden building (approximately 12 foot by 12 foot) with an 
asphalt shingle roof as a pump building, a well, an electrical panel with a board-mounted chlorine 
analyzer, and a fiberglass shed. This station has a gasoline engine direct drive as auxiliary power. 

The well was installed in 1961. The total depth of the well is 740 feet with a 16-inch diameter 
well casing extending to a depth of 740 feet. The static depth to water is approximately 140.3 
feet. The well is newly equipped with a Byron Jackson pump (Model 10MCL). This pump was 
installed in 2006 with a design flow of 690 gpm at 392 feet of head. Installed in 2006, the pump 
motor is rated at 75 hp, manufactured by Johnson Clear & MFG (Model 33118-HD75EL). The 
Chico-Hamilton City District operated this well 55 percent of the time from 2000 to 2001. 

The exterior of the building is in need of new paint. Minor cracks on the concrete slab were also 
noted. An 8 foot by 8 foot fiberglass shed behind the chain link fence holds the sodium 
hypochlorite supply in two 50-gallon bins and a metering pump (Alldos Model 208). The 
electrical panel is placed directly on the concrete floor. A small horizontally placed sand trap is 
located outside the pump building. This station is equipped with a chart recorder and an RTU 
(ModiCon), and the discharge pressure and flow are recorded. 
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DHS has commented in the annual inspection report that the sand trap blow-off pipe should be 
provided with an adequate air gap and a screen. The 2006 maintenance tour report indicated that 
the muffler on roof is rusted. It also reported a lack of well flushing ability, however, a newly 
installed drainage line, which would allow flushing of the well, was noted at the time of the visit. 

Recommendation: In the next 5 years, paint the building, and evaluate the conditions of the well 
and well pump as they have lasted beyond the typical design life. 

Station 040 

This station is located  and is inactive due to VOC (cis-1,2 
Dichloroethylene). The Chico-Hamilton City District is planning to install GAC treatment onsite 
to reactivate this station. 

The station has no pump building, but consists of an 8 foot by 8 foot corrugated PVC pane 
erected over the top of the electrical panel which currently serves as a roof for the electrical panel. 
The electrical panel is rusted at the bottom. This station has no auxiliary power. 

The well was installed in 1968. The total depth of the well is 500 feet with a 16-inch diameter 
well casing extending to a depth of 500 feet. The well is equipped with a Layne & Bowler pump 
(Model 10RL). This pump was installed in 1968 with a design flow of 825 gpm at 225 feet of 
head. The pump motor is rated at 60 hp, manufactured by General Electric (Model 
5K6257XH5A) was also installed in 1968. 

The asphalt concrete pavement around concrete footing is in very poor condition. The plastic 
storage shed onsite no longer stores the disinfection equipment. A padlock secures the gate to the 
chain link fence. The pump is housed in a separate metal shed nearby. 

This station is equipped with a chart recorder only and the discharge pressure and flow are 
recorded. 

Recommendation: Provide the minimum scheduled maintenance. 

Station 042 

This station is located behind 55 Rose Ave and is currently active. The pump building is 
constructed with concrete masonry unit (CMU) walls with a flat sliding roof. The building has an 
adequate work space, but is crowded by disinfection equipment and supplies. The station is active 
but was under repair at the time of the July 2006 site visit due to a bad motor. This station has a 
gasoline engine generator as auxiliary power. 

The well was installed in 1970. The total depth of the well is 520 feet with a 16-inch diameter 
well casing extending to a depth of 520 feet. The static depth to water is approximately 54.2 feet. 
The well is equipped with a Layne & Bowler pump (Model 12 RM). This pump was installed in 
1970 with a design flow of 850 gpm at 218 feet of head. The pump motor is rated at 35 hp, 
manufactured by General Electric (Model 5K445XC4A), and was also installed in 1970. The 

*** Public Version



 Chapter 7. Inventory and Assessment of Facilities Conditions and Capacity 

 

May 2008 7-15 California Water Service Company 
o:\c\436\02-06-03\wp\mp\060106ce7 Ch7  Chico-Hamilton City District 

  Water Supply and Facilities Master Plan 

most recent pump test was performed in 2001, and results from this test indicated an operating 
efficiency of 53 percent. The California Public Utilities Commission's rating on this pump is 
“Low.” Cal Water operated this well 7 percent of the time from 2000 to 2001. 

The electrical panel is placed directly on the concrete slab. This station is operated mainly during 
summer months. Water from flushing the system prior to summer use is discharged into a man-
made pond around the site. The pond was dry at the time of our visit. 

This station is equipped with a chart recorder and an RTU, and the discharge pressure and flow 
are recorded. The RTU (SCADAPack) was installed within the last 12 months. In the annual 
inspection report by DHS, it was indicated that the end of basin discharge pipe is cracked and 
broken rendering the screen ineffective. DHS recommended that the pipe be cut back and re-
screened. 

Recommendation: Repair or replace the pump motor.  

Station 044 

This station is located  and is currently 
active. The pump building consists of an old corrugated galvanized metal structure with 
corrugated galvanized metal roof. The building in general appears aged. The interior is partitioned 
into two rooms; a pump room and a disinfection room. The pump room contains the well, 
electrical panel, SCADA, and the auxiliary power supply. The disinfection room contains two 15-
gallon sodium hypochlorite bins and metering equipment. This station has a diesel engine 
generator as auxiliary power. 

The well was installed in 1942. The total depth of the well is 428 feet with 10-, 12-, and 14-inch 
diameter well casings extending to a depth of 428 feet. The static depth to water is approximately 
98.2 feet. The well is equipped with a Goulds pump. This pump was installed in May 2005 with a 
design flow of 700 gpm at 296 feet of head. Installed in 2000, the pump motor is rated at 75 hp, 
manufactured by U.S. Electric Motors. The lubrication for the pump is provided by water and the 
pump packing is mechanically sealed. The Chico-Hamilton City District plans to install a variable 
frequency drive in order to prevent frequent start and stop of the pump triggered by the pressure 
drop in the hydropneumatic tank and to extend the service life of the pump. 

The disinfection room is also used to archive pressure and flow charts. A small air compressor is 
located next to the electrical panel for pressurizing the hydropneumatic tank. The hydropneumatic 
tank is placed on three concrete footings. The station is also equipped with a 500-gallon gasoline 
storage tank inside a newly installed chain link fence. The electrical panel is on a 3-inch concrete 
pad, but not secured to the wall. 

No mechanical deficiencies were noted by the 2006 maintenance tour report, but it recommends 
painting the exterior of the building trims and the 20,000-gallon hydropneumatic tank. This 
station is equipped with a chart recorder and an RTU (ModiCon) and the discharge pressure and 
flow are recorded. 
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Recommendation: In the next 5 years, secure the electrical panel, paint the exterior of the building 
trims and the hydropneumatic tank. Also, evaluate the conditions of the well and well pump as 
they have lasted beyond the typical design life. Install the variable frequency drive as planned, 
and adjust the pressure set point at the hydropneumatic tank. 

Station 046 

This station is located  and is currently active. The pump building is a 
CMU with a corrugated fiberglass roof. Minor cracks on the concrete slab were noticed. The 
GAC treatment for PCE removal is onsite. It is normally operated continuously, but was off at the 
time of July 2006 site visit as the Chico-Hamilton City District waits for the lab results on the 
performance of the newly changed GAC media, which occurred the day before the field visit. 
This station has no auxiliary power. 

The well was installed in 1972. The total depth of the well is 470 feet with a 16-inch diameter 
well casing extending to a depth of 470 feet. The static depth to water is approximately 66 feet. 
The well is equipped with a Layne & Bowler – Peerless pump (Model 12RL). This pump was 
installed in 1994 with a design flow of 500 gpm at 295 feet of head. Installed in 1972, the pump 
motor is rated at 75 hp, manufactured by U.S. Electric Motors (Model D38058). The most recent 
pump test was performed in 2001, and results from the test indicated an operating efficiency of 75 
percent. The California Public Utilities Commission's rating on this pump is “Excellent.” The 
Chico-Hamilton City District operated this well 48 percent of the time from 2000 to 2001. 

An 8 foot by 8 foot fiberglass shed stores sodium hypochlorite in two 50-gallon bins and a meter 
pump. The electrical panel is placed directly on a concrete slab; it is rusty at the bottom. This 
station is equipped with a chart recorder and an RTU, and the discharge pressure and flow are 
recorded. The RTU (SCADAPack) was installed within the last 12 months. 

Recommendation: In the next 5 years, remove the rust and repaint the electrical panel and 
evaluate the conditions of the well pump motor as it exceeded the typical design life. 

Station 053 

This station is located across from 2090 Notre Dame and is currently active. The pump building is 
a CMU with a corrugated fiberglass roof. Minor cracks on the concrete slab were noticed. The 
pump was operating at the time of our visit. This station has a diesel engine direct drive as 
auxiliary power. 

The well was installed in 1977. The total depth of the well is 500 feet with a 16-inch diameter 
well casing extending to a depth of 500 feet. The static depth to water is approximately 134 feet. 
The well is equipped with an Aurora pump (Model 12RC). This pump was installed in 1977 with 
a design flow of 1,100 gpm. Installed in 1984, the pump motor is rated at 100 hp, manufactured 
by General Electric (Model 5KS6268XH4A). The most recent pump test was performed in 2001, 
results from this test indicated an operating efficiency of 70 percent. The California Public 
Utilities Commission's rating on this pump is “Good.” The Chico-Hamilton City District operated 
this well 97 percent of the time from 2000 to 2001. 
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An 8 foot by 8 foot fiberglass shed stores sodium hypochlorite in three 50-gallon bins and a meter 
pump. The electrical panel is placed on a 2-inch concrete pad. One of the panes at the electrical 
panel is bent and has become rusted. 

This station is equipped with a chart recorder and an RTU (ModiCon) and the discharge pressure 
and flow are recorded. 

Recommendation: In the next 5 years, repair the bent pane at the electrical panel and evaluate the 
conditions of the well pump as it has exceeded the typical design life. 

Station 056 

This station is located  and is currently active. The pump building is 
a CMU with a corrugated fiberglass roof. Minor cracks on the concrete slab were noticed. The 
station is active and is operated during the peak hours of the morning. This station has a diesel 
engine direct drive as auxiliary power. 

The well was installed in 1978. The total depth of the well is 504 feet with a 16-inch diameter 
well casing extending to a depth of 504 feet. The static depth to water is approximately 57.8 feet. 
The well is equipped with an Aurora – Layne & Bowler pump (Model 12RXL). This pump was 
installed in 1978 with a design flow of 900 gpm at 275 feet of head. The pump motor is rated at 
75 hp, manufactured by Newman and was also installed in 1978. The most recent pump test was 
performed in 2002, results from this test indicated an operating efficiency of 66 percent. The 
California Public Utilities Commission's rating on this pump is “Good.” Cal Water operated this 
well 30 percent of the time from 2000 to 2001. 

The engine exhaust pipe penetrates one of the walls. However, the seal is loose and there are 
signs of the exhaust fume reentering the building. An 8 foot by 8 foot fiberglass shed stores 
sodium hypochlorite in two 50-gallon bins and a metering pump, it is missing an “Eye Wash” 
sign. The electrical panel is placed on a 3-inch concrete pad. Heavy rust is noted at the bottom 
half of the electrical panel. 

This station is equipped with a chart recorder and an RTU, and the discharge pressure and flow 
are recorded. The RTU (SCADAPack) was installed within the last 12 months. DHS indicated in 
the annual inspection report that a hole was noted in the pump base. Based on the maintenance 
tour, the building trim on the corner is deformed and the fuel tank convault needs resealing or 
repainting. 

Recommendation: In the next 5 years, the loose engine exhaust seal should be corrected. Furnish 
the missing “Eye Wash” sign, remove the rust and repaint the electrical panel, repair/replace 
building trim and repaint the fuel tank convault. Also, evaluate the conditions of the well pump 
and well pump motor as they have exceeded the typical design life. 

*** Public Version



 Chapter 7. Inventory and Assessment of Facilities Conditions and Capacity 

 

May 2008 7-18 California Water Service Company 
o:\c\436\02-06-03\wp\mp\060106ce7 Ch7  Chico-Hamilton City District 

  Water Supply and Facilities Master Plan 

Station 058 

This station is located nd is inactive due to water quality issues. 

The pump building is a CMU with an asphalt shingle roof. The northeastern part of the roof 
shows signs of rot. Minor cracks on the concrete slab were noticed. This station has no auxiliary 
power. 

The well was installed in 1981. The total depth of the well is 560 feet with a 16-inch diameter 
well casing extending to a depth of 560 feet. The well is equipped with an Aurora – Layne & 
Bowler pump (Model 12RL). This pump was installed in 1981 with a design flow of 1,000 gpm 
at 246 feet of head. The pump motor is rated at 75 hp, manufactured by General Electric (Model 
5K6255XM533A) and was also installed in 1981. 

This station is equipped with a chart recorder to record discharge pressure and flow. Based on the 
2006 maintenance tour report, the lack of a tie-in to the drainage pipeline prevents well 
rehabilitation. 

Recommendation: Consider installing the tie-in with the drainage pipeline, rehabilitating the well 
and reactivating the station. 

Station 059 

This station is located  and is currently active. The pump building is a CMU 
with an asphalt shingle roof. This station has a diesel engine generator as auxiliary power. 

The well was installed in 1981. The total depth of the well is 520 feet with a 16-inch diameter 
well casing extending to a depth of 520 feet. The static depth to water is approximately 50 feet. 
The well is equipped with a Layne & Bowler pump (Model 11MQH). This pump is an oil lube 
type, installed in 2000 with a design flow of 1,100 gpm. The pump motor is rated at 75 hp, 
manufactured by General Electric Motors (Model 5K6255XM673A) and was also installed in 
2000. The most recent pump test was performed in 2001, and results from this test indicated an 
operating efficiency of 64 percent. The California Public Utilities Commission's rating on this 
pump is “Good.” The Chico-Hamilton City District operated this well 24 percent of the time from 
2000 to 2001. 

The station is active and pump was operating at 827 gpm at the time of visit. Minor cracks were 
noted on the concrete slab. Two 50-gallon bins containing sodium hypochlorite are stored near 
the well and the emergency generator unit. The electrical panel is placed on a 3-inch concrete 
pad. 

This station is equipped with a chart recorder only and the discharge pressure and flow are 
recorded. 

Recommendation: In the next 5 years, move the hypochlorite bins outside in a separate shed. 
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Station 061 

This station is located , behind Chico mall and is currently active. The station 
consists of a well, pump building, and a wooden shed containing chlorine generating equipment. 
The pump building is a CMU with an asphalt shingle roof. This station has no auxiliary power. 

The well was installed in 1989. The total depth of the well is 560 feet with a 16-inch diameter 
well casing extending to a depth of 560 feet. The static depth to water is approximately 109.7 
feet. The well is equipped with a Layne & Bowler Verti-Line pump (Model 12RM). This pump 
was installed in 1989 with a design flow of 1,100 gpm at 245 feet of head. The pump motor is 
rated at 100 hp, manufactured by General Electric (Model 5KS404DP6005) and was also 
installed in 1989. The most recent pump test was performed in 2001, and results from this test 
indicated an operating efficiency of 72 percent. The California Public Utilities Commission's 
rating on this pump is “Excellent.” The Chico-Hamilton City District operated this well 87 
percent of the time from 2000 to 2001. 

The building provides adequate work space. However, it is temporarily crowded by storing bleach 
bottles and bags of salt as the chlorine generator is under repair. 

This station is active and was pumping at 730 gpm at the time of the site visit. The electrical 
panel is placed on a 3-inch concrete pad. A long vertical crack that runs from the ceiling to floor 
was noted near the building entry door. 

This station is equipped with a chart recorder and an RTU, to record discharge pressure and flow. 
The RTU (SCADAPack) was installed within the last 12 months. 

DHS noted in the annual inspection report that the chlorine is generated at 6 pounds per day using 
Clor-Tec and stored in a 150-gallon day tank at 0.8 percent solution. 

Recommendation: In the next 5 years, inspect structure for increased deterioration or defects. 
Repair the disinfectant generator (in process). 

Station 064 

This station is located  and is currently active. The pump 
building is a CMU with an asphalt shingle roof. The diesel engine generator at Station 044 also 
supplies the auxiliary power for this station. 

The well was installed in 1988. The total depth of the well is 5,609 feet with a 16-inch diameter 
well casing extending to a depth of 560 feet. The static depth to water is approximately 128 feet. 
The well is equipped with a Byron Jackson pump (Model 11MQH). This pump was installed in 
1988 with a design flow of 850 gpm at 270 feet of head. The pump motor is rated at 75 hp, 
manufactured by General Electric (Model 5KS365DP6005A) and was also installed in 1988. The 
most recent pump test was performed in 2002, and results from this test indicated an operating 
efficiency of 63 percent. The California Public Utilities Commission's rating on this pump is 
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“Good.” The Chico-Hamilton City District operated this well 9 percent of the time from 2000 to 
2001. 

Minor cracks on concrete slab and walls were noted. The building provides adequate working 
space, but is crowded by two 15-gallon disinfectant supply bins and metering equipment. 

This station was off at the time of the July 2006 site visit. The electrical panel was placed on a 3-
inch concrete pad, but is rusty at the bottom. A 5,000-gallon hydropneumatic tank is located next 
to the building, along with a compressor. 

No mechanical deficiencies were noted in the maintenance tour, but it recommends painting the 
building trims and the hydropneumatic tank. This station is equipped with a chart recorder and an 
RTU (ModiCon) and the discharge pressure and flow are recorded. 

Recommendation: In the next 5 years, move the hypochlorite supply bins to a separate shed with a 
secondary containment. Paint the building trims and the hydropneumatic tank. 

Station 066 

This station is located  and is currently active. This station has two 
CMU buildings each with an asphalt shingle roof. The well is equipped with two welded steel 
storage tanks and two hydropneumatic tanks. This station has two auxiliary powers. Cathodic 
protection is maintained by the Chico-Hamilton City District. 

Booster Pumps A and B were installed in 1990. The booster pumps are made by Layne & Bowler 
(Model 10RL), and are capable of pumping 500 gpm at 180 feet of head, each, powered by 30 hp 
US electric motors. Installed in 2001, Booster Pumps C and D are made by Goulds (Model 
9RCLC-DWT) with a design flow of 400 gpm at 332 feet of head. The pump motors are made by 
VHS Premium Eff., rated at 60 hp each. 

Booster Pumps A and B pump to Zone 635 by pressurizing the 10,000-gallon hydropneumatic 
tank. Booster Pumps C and D pump to Zone 795 by pressurizing the other 10,000-gallon 
hydropneumatic tank. 

Tank 1 was constructed in 1974, has the capacity of 570,000 gallons and sits on a concrete ring 
foundation. Tank 1 is filled by booster pumps at Station 073 and drawn by gravity to supply Zone 
475. Booster Pumps A and B also draw water from Tank 1. Paint is brittle and easily chipped. 
Flexible joint (not EBAA) is placed in the inlet/outlet pipe. The building that houses Booster 
Pumps A and B also holds the communication equipment:  signal repeater, an emergency 
generator, and an antenna (outside). The electrical panel is placed on a 3-inch concrete pad. 
Booster Pump A was operating at 300 gpm. Booster Pump B was off at the time of the July 2006 
site visit.  

Tank 2 was constructed in 2003, has the capacity of 520,000 gallons and sits on a concrete ring 
foundation. Tank 2 is filled by booster pumps at Station 073 and drawn by Booster Pumps C 
and D. The exterior was coated by urethane to 10 mils. The interior is lined with epoxy to 15 
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mils. Flexible joint (EBAA) is placed in the inlet/outlet pipe. The electrical panel is placed 
directly on the concrete slab. The emergency generator for Booster Pumps C and D is located just 
outside of the building. This generator also serves the entire station except for Booster Pumps A 
and B. 

This station is equipped with a chart recorder and an RTU (ModiCon) and the discharge pressure 
and flow are recorded.  

Recommendation: In the next 5 years, repaint Tank 2 exterior as scheduled. We would also 
recommend repainting Tank 1 due to how easily the paint can chip. 

Station 068 

This station is located and is currently active. The pump 
building is a CMU with an asphalt shingle roof, and provides a good working space inside. This 
station has no auxiliary power. 

The well was installed in 1998. The total depth of the well is 610 feet with a 16-inch diameter 
well casing extending to a depth of 570 feet. The static depth to water is approximately 49 feet. 
The well is equipped with a Goulds pump (Model 12DHLC). This pump was installed in 1998 
with a design flow of 1,200 gpm at 210 feet of head. The pump lubrication is provided by water. 
The pump motor is rated at 100 hp, manufactured by U.S. Electric Motors (Model R485A-804-
4286M) and was also installed in 1998. The most recent pump test was performed in 2004 and 
results from this test indicated an operating efficiency of 68 percent. The California Public 
Utilities Commission's rating on this pump is “Good.” The Chico-Hamilton City District operated 
this well 14 percent of the time from 2000 to 2001. 

The station was operating at 1,100 gpm at the time of our visit. Condensation wets the pump head 
and piping and drips onto the concrete slab floor. The building is partitioned to separate the 
disinfectant and metering equipment from the well. Two 50-gallon sodium hypochlorite bins and 
a metering pump provide the disinfectant dose. The disinfection room is not equipped with a 
ramp to the secondary containment. The electrical panel is placed on a 3-inch concrete pad. This 
station is equipped with a chart recorder and an RTU, and the discharge pressure and flow are 
recorded. The RTU (SCADAPack) was installed within the last 12 months. 

In the annual inspection report, DHS commented that this station has a nitrate problem. However, 
according to the DHS record from 1994, nitrate concentration was below the trigger level of 23 
mg/L as NO3. 

Recommendation: In the next 5 years, provide a ramp to the secondary containment. 
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Station 071 

This station is located  and is currently active. 
This station has no auxiliary power. 

The well was installed in 2001. The total depth of the well is 570 feet with a 16-inch diameter 
well casing extending to a depth of 570 feet. The static depth to water is approximately 119 feet. 
The well is equipped with a Goulds pump (Model 12DHLC). This pump was installed in 2001 
with a design flow of 1,500 gpm at 277 feet of head. Installed at the same time, the pump motor is 
rated at 150 hp, manufactured by U.S. Electric Motors. The most recent pump test was performed 
in 2002, and results from this test indicated an operating efficiency of 68 percent. The California 
Public Utilities Commission's rating on this pump is “Good.” 

The station was operating at 1,385 gpm at the time of the July 2006 site visit. The pump 
lubrication is provided by water. The pump building is a CMU with an asphalt shingle roof. There 
appears to be good working space in the pump building. The building is partitioned to store 
chlorine and metering equipment in one of the two rooms. Two 50-gallon sodium hypochlorite 
bins and a metering pump were stored in one room. The paint on the pump motor appeared in 
poor condition, but staff explained that the appearance is due to salt build up from chronic leaks. 
The new electrical panel is placed on a 3-inch concrete pad. 

This station is equipped with a chart recorder and an RTU (ModiCon) and the discharge pressure 
and flow are recorded. The RTU is embedded in the electrical panel. 

Recommendation: In the next 5 years, service the pump to minimize the leaks and repaint the well 
head if damaged. 

RENEWAL AND REPLACEMENT SCHEDULE 

Chico-Hamilton City District staff indicated that the following improvements would be helpful in 
the operation of the Chico-Hamilton City District system in the next five years. 

R&R Projects 

• Reactivate the inactive Station 033 (in process) 

• Install GAC system for Stations 040 for reactivation of the station 

• Rehabilitate Station 058 to remove odor, taste and color 

• Complete interior painting for Tank 2 of Station 001 in the Chico system (in progress) 

• Replace cathodic protection anodes for Tank 2 of Station 001 in the Chico system (by 
2007) 

• Paint the exterior of Tank 1 at Station 066 and the interior of Tank 3 at Station 008 in 
the Chico system (by 2007) 

• Paint the interior of Tank 4 at Station 003 in the Chico system (by 2008) 
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• On an on-going basis, replace all oil lube type pumps to water lube type pumps with a 
mechanical seal 

• On an on-going basis, continue to relocate disinfectant supplies and dosing equipment 
out of the pump facilities into a fiberglass shed or separate room in the pump 
buildings. 

A “desktop level” R&R schedule was developed based on incorporating the Chico-Hamilton City 
District staff’s concerns, correcting the deficiencies in the Chico-Hamilton City District’s 
facilities as identified during the field visit, and the theoretical R&R timing estimated by the age 
and typical design life for given facilities. 

A summary of the preliminary R&R schedule is provided in Table 1 of Appendix N in five-year 
increments. A preliminary R&R cost estimate in five-year increments is shown in Figure 7-7. The 
cost estimates for the first five years reflect the construction cost for the R&R projects and does 
not include land acquisition, engineering, legal, administrative costs, and construction 
contingencies. 

Because the cost for renewing an old well varies, to be conservative for planning purposes, it is 
assumed that a well with an age in excess of the typical design life of 45 years is to be replaced. 
In actuality, the replacement schedule would be determined on a case-by-case basis after 
considering many factors including, but not limited to, the structural integrity of the casing, water 
quality and yield, budget limitations and staffing availability. It is recommended that the Chico-
Hamilton City District develop and implement a well management plan, similar to that 
recommended for the Salinas District, to accurately assess the well condition and determine the 
maintenance required. 
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Chapter 8:  Evaluation of Existing Water System

Chapter Highlights:
This chapter presents an overview evaluation of the Chico-Hamilton City District’s existing water system and its ability 
to meet the Chico-Hamilton City District’s recommended performance and planning criteria under existing demand 
conditions. The evaluation includes an analysis of water storage capacity, pumping capacity, and the existing distribution 
system’s ability to meet recommended operational and design criteria under maximum day demand plus fire flow and 
peak hour demand conditions. The evaluation was conducted by WYA using the updated hydraulic model described in 
Chapter 6. The evaluations, findings, and recommendations for addressing the identified existing water system 
deficiencies are organized by pressure zone. A description of the recommended CIP to implement the recommended 
improvements, including an estimate of probable construction costs, is provided in Chapter 10.
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Summary of Existing Potable Water System Recommendations:
Pipelines

Pressure Zone 350
Install 645 feet of new 8-inch diameter pipeline along Eastwood Avenue
Upsize ~167 feet of existing 2-inch diameter pipeline along Pine Street to 8-inch diameter pipeline 

Hamilton City
Upsize ~196 feet of existing 6-inch diameter pipeline along 6th Street to 12-inch diameter pipeline
Upsize ~762 feet of existing 6-inch diameter pipeline along 6th Street to 8-inch diameter pipeline
Upsize ~514 feet of existing 6-inch diameter pipeline along 1st Street to 8-inch diameter pipeline
Install 2,320 feet of new 12-inch diameter pipeline along Broadway Avenue
Install 630 feet of new 12-inch diameter pipeline along 2nd Street
Upsize ~250 feet of existing 6-inch diameter pipeline along 2nd Street to 8-inch diameter pipeline
Install 1,048 feet of new 8-inch diameter pipeline along 5th Street 
Install 198 feet of new 8-inch diameter pipeline along 2nd Street
Install 208 feet of new 8-inch diameter pipeline along 4th Street

Pump Stations
A new 7.49 mgd pump station to convey water from a new 2.7 MG storage tank in Pressure Zone 350.
New 3.24 mgd, 6.34 mgd, and 4.54 mgd pump stations to convey water from each of the three new 1.0 MG 
storage tanks in Pressure Zone 350.
A new 6.84 mgd pump station at Station 44 in Pressure Zone 400.
An additional 2.44 mgd of pumping capacity at Station 66 in Pressure Zone 795.
A new 6.93 mgd pump station to convey water from a new 1.0 MG storage tank in Hamilton City.

Storage Facilities
A new 2.7 MG storage tank located at Silver Dollar Way near the Chico-Hamilton District office.
A new 1.0 MG storage tank located at Mcintosh Avenue, west of Dayton Road.
A new 1.0 MG storage tank located between Bruce Road and Potter Road.
A new 1.0 MG storage tank located southwest of Highway 99 and Entler Avenue (west of Norfield Avenue).
A new 1.0 MG storage tank at Station 44 in Pressure Zone 400.
A new 1.0 MG storage tank located north of Broadway and 6th Street (future commercial land use parcel) in 
Hamilton City.

Standby Generators
Install standby generators at Stations 54, 71, and 75.
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A new 1.0 MG storage tank located north of Broadway and 6th Street (future commercial land use parcel) in 
Hamilton City.

Standby Generators
Install standby generators at Stations 54, 71, and 75.
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CHAPTER 8. EVALUATION OF 
EXISTING WATER SYSTEM 

This chapter presents an overview evaluation of the Chico-Hamilton City District’s existing water 
system (see Figure 8-1) and its ability to meet the Chico-Hamilton City District’s recommended 
performance and planning criteria under existing demand conditions. The evaluation includes an 
analysis of water storage capacity, pumping capacity, and the existing distribution system’s ability 
to meet recommended operational and design criteria under maximum day demand plus fire flow 
and peak hour demand conditions. The evaluation was conducted by WYA using the updated 
hydraulic model described in Chapter 6. The evaluations, findings, and recommendations for 
addressing the identified existing water system deficiencies are organized by pressure zone. A 
description of the recommended CIP to implement the recommended improvements, including an 
estimate of probable construction costs, is provided in Chapter 10. 

EXISTING WATER DEMANDS 

The existing water demands for the Chico-Hamilton City District’s water system were estimated 
based on land use (see Figure 8-2) and production data provided by Cal Water. Table 8-1 
summarizes the existing demands for each of the Chico-Hamilton City District’s pressure zones. 

Table 8-1. Existing Potable Demands for the Chico-Hamilton City District(a) 

Pressure Zone 
Average Day 

Demand(a), gpm 
Maximum Day 
Demand(b), gpm 

Peak Hour 
Demand(c), gpm 

Chico    
350 16,368 32,735 49,103 
400 122 244 366 
475 1,505 3,011 4,516 
635 135 269 404 
795 13 26 39 

Chico Total 18,143 36,285 54,428 

Hamilton City    
Hamilton 380 760 1,140 

Hamilton Total 380 760 1,140 

District Total 18,523 37,045 55,568 
(a) Chico and Hamilton City average day demands are based on 2006 production data. 
(b) Maximum day demand is 2.0 times the average day demand.  
(c) Peak hour demand is 3.0 times the average day demand. 
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EXISTING SYSTEM EVALUATION METHODOLOGY 

Water Storage Capacity Evaluation 

There are four elevated storage tanks and three ground-level reservoirs in the Chico-Hamilton City 
District’s water system. Together, the storage must be sufficient to meet the Chico-Hamilton City 
District water system’s operational, fire flow, and emergency storage criteria. The volumes required 
for each of these three storage components are detailed below: 

• Operational Storage:  25 percent of maximum day demand (equivalent to fifty percent of 
average day demand); 

• Emergency Storage:  50 percent of maximum day demand (equivalent to one average 
day demand); and 

• Fire Flow Storage:  The required fire flow times the fire flow duration period, as 
required by the Chico-Hamilton City Fire Department. The highest Chico-Hamilton City 
District fire flow of 4,000 gpm for a duration of 4 hours was assumed for this analysis. 

Because of the District’s available wells, the groundwater basin can account for a credit against the 
required water storage. The emergency storage credit reflects only that groundwater supply which 
can be reliably accessed when needed (i.e., only wells equipped with auxiliary power). The 
operational storage credit assumes that 50 percent of the firm groundwater supply (assumes 10 
percent of the groundwater production capacity (for Pressure Zone 350 which has numerous wells) 
or the largest well (in other pressure zones) is out of service for maintenance or water quality 
issues) in excess of what is required to meet maximum day demand, is available for operational use. 

The existing storage facilities were evaluated to determine whether they have sufficient capacity to 
provide the required operational, fire flow, and emergency storage. The Chico-Hamilton City 
District currently has 2.4 MG of water storage as indicated in Table 8-2. 

Pumping Capacity Evaluation 

The Chico-Hamilton City District’s pumping capacity has been evaluated to assess its ability to 
deliver a firm, reliable capacity to the existing service area. At each of the BPSs, the firm booster 
pumping capacity is defined as the total pump station installed capacity with the largest pump out of 
service. To ensure pumping capacity reliability, each BPS should have at least two pumps, a lead 
pump and a standby pump, to use in the event of a mechanical failure. All Chico-Hamilton City 
District's booster pump stations meet this criterion (see Table 8-3). The firm groundwater pumping 
capacity is defined as 90 percent of total groundwater pumping capacity (assumes 10 percent of 
total groundwater pumping capacity is not available due to maintenance requirements or other 
issues, e.g., water quality) for Pressure Zone 350 which has numerous wells. For the other pressure 
zones which have fewer wells, the firm groundwater pumping capacity is defined as the 
groundwater pumping capacity assuming the largest well is not available due to maintenance 
requirements or other issues, e.g., water quality.   
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The pumping capacity criterion for the water system requires that there be sufficient total pumping 
capacity to meet maximum day demand within each pressure zone, or any pressure zone located 
above that pressure zone which the pump station is serving. Details of the capacity of each pump 
are provided in Table 8-4. In addition, all critical pumping facilities should be equipped with an on-
site, stand-by power generator. Critical pumping facilities are defined as those facilities that provide 
service to pressure zones and/or service areas without sufficient emergency storage and that meet 
the following criteria: 

• The largest facility that provides water to a particular pressure zone and/or service area; 

• A facility that provides the sole source of water to single or multiple pressure zones 
and/or service areas; 

• A facility that provides water from key groundwater supply wells (depends on capacity, 
quality, and location) into a pressure zone and/or service area. 

Water Distribution System Analysis 

Steady state hydraulic analyses using the updated model were conducted to identify areas of the 
existing potable water system that do not meet the recommended system performance criteria. The 
results of the evaluation of the water distribution system are presented below for the following 
existing demand scenarios: 

• Peak Hour Demand—peak hour demands are met by either the combined flows from 
supply sources and storage reservoirs, or from the pump stations and storage reservoirs. 
A peak hour flow condition was simulated for the existing distribution facilities to 
evaluate their capability to meet this peak hour demand condition. 

• Maximum Day Demand plus Fire Flow—to evaluate the system under the maximum 
day demand plus fire flow condition, a two-step analysis was performed. The first step 
used the H2OMAP “Available Fire Flow Analysis” option to determine if the minimum 
pressure and required fire flow could be met with the existing water facilities. Fire flow 
demands were assigned and simulated at selected nodes. These selected nodes were 
determined based on critical criteria including nodes located at high elevations, high 
demands, and/or in areas at the extremities of the existing pressure zone. If the analysis 
indicated that the system failed to meet the minimum requirements for pressure and 
flow, a second analysis was performed. The second analysis involved running the model 
with pipeline improvements/system modifications added to the distribution system to 
eliminate previously identified deficiencies. 
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As shown in Table 8-1, the total Chico-Hamilton City District existing service area peak hour 
demand was calculated to be 54,428 gpm (78.4 mgd). This peak hour demand represents a peaking 
factor of 3.0 times the average day demand. During a peak hour condition, a minimum pressure of 
40 psi must be maintained throughout the system. Maximum head loss per thousand feet of 
distribution main should not exceed 10 ft/kft and maximum velocities should not exceed 7 fps. 
Details of system pressures in each of the Chico-Hamilton City District's pressure zones as 
simulated in the model under the peak hour demand condition are discussed below. 

Fire flow demands were simulated at various locations within the Chico-Hamilton City District’s 
service area to determine whether or not the minimum residual pressure criterion of 20 psi within 
the pressure zone could be met during a maximum day demand condition with a concurrent fire 
flow. Table 8-5 presents fire flow demand requirements based on land use categories, this data is 
also illustrated on Figure 8-3.  

Table 8-5. Chico-Hamilton City District Fire Flow Demand Requirements(a) 

Land Use Fire Flow, gpm Duration, hours 

Residential 1,500 2 
Multiple Residencies 2,500 2 
Commercial 3,000 3 
Industrial 4,000 4 
Government 4,000 4 

(a) Specific fire flows were determined from Table A-III-A-1 of the 2001 CFC, and depend on construction 
type and fire area. These fire flow requirements are based on buildings being fully sprinkled. 

Pipelines are typically designed to deliver peak hour flows and maximum day demands plus fire 
flows within acceptable pressure, velocity, and head loss ranges as stated in Chapter 5. System 
improvements needed to comply with operational and design criteria were added to the system and 
are also described below. 

EVALUATION RESULTS 

The following describes the evaluation of water storage capacity, pumping capacity, and water 
distribution system by individual pressure zone. 

Pressure Zone 350 

Water Storage Capacity 

Table 8-6 presents a summary of the operational, fire flow, and emergency storage requirements for 
Pressure Zone 350.  
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Table 8-6. Pressure Zone 350 Storage Requirements 

Storage Component Criteria 
Pressure Zone 350 

Storage Required, MG 

Operational 25% of max day demand 11.78 
Operational Storage Credit 50% of excess of groundwater supply(a) (7.06) 

 Operational Storage Required 4.72 

Fire Flow 4,000 gpm for 4 hours 0.96 

Emergency 50% of max day demand 
(100% of average day demand) 23.57 

Emergency Storage Credit 100% of wells with auxiliary power (17.09)  
 Emergency Storage Required 6.48 

Total Storage Requirement 12.16 
Existing Storage Available 0.85 
Current Storage Deficiency 11.31 

(a) Excess groundwater supply is equal to the firm groundwater pumping capacity minus the maximum day 
demand requirement. 

As shown in Table 8-6, there is a 11.31 MG storage deficiency in Pressure Zone 350.  

To address the storage deficiency, WYA recommends providing 5.7 MG of additional storage 
capacity in Pressure Zone 350 to provide for the required operational and fire flow storage (4.72 
MG + 0.96 MG = 5.68 MG). These recommended new storage facilities (and associated booster 
pump facilities) are as follows: 

• 2.7 MG storage tank with a 7.49 mgd booster pump station to be located at Silver 
Dollar Way, northwest of the Cal Water Chico-Hamilton City District office 

• 1.0 MG storage tank with a 3.24 mgd booster pump station to be located at Mcintosh 
Avenue, west of Dayton Road 

• 1.0 MG storage tank with a 6.34 mgd booster pump station to be located between 
Bruce Road and Potter Road 

• 1.0 MG storage tank with a 4.54 mgd booster pump station to be located southwest 
of Highway 99 and Entler Avenue (west of Norfield Avenue) 

To address the emergency storage deficiency, WYA recommends adding auxiliary power to 
additional wells within Pressure Zone 350 to increase the emergency storage credit. If auxiliary 
power is added at Stations 54, 71, and 75 (these are newer wells with high pumping capacities), an 
additional emergency storage credit of 7.3 MG would be added to Pressure Zone 350, which would 
satisfy the emergency storage required (6.48 MG). 

Public Version



  Chapter 8. Evaluation of Existing Water System 

 

May 2008 8-9 California Water Service Company 
o:\c\436\02-06-03\wp\mp\060106ce8 Ch 8  Chico-Hamilton City District 

  Water Supply and Facilities Master Plan 

Pumping Capacity 

Table 8-7 provides a summary of the evaluation of the wells serving Pressure Zone 350.  

Table 8-7. Summary of Pressure Zone 350 Pumping Capacity 

 Pressure Zone 350 

Wells Serving Pressure Zone 

1, 3, 5, 7, 8, 11, 12, 14, 16, 
17, 18, 19, 20, 21, 22, 23, 
24, 25, 26, 27, 28, 29, 30, 
31, 32, 34, 35, 37, 38, 39, 
41, 42, 46, 47, 48, 49, 51, 
52, 53, 54, 56, 57, 59, 61, 
62, 63, 68, 69, 71 and 75 

Firm groundwater pumping capacity, gpm(a) 42,544 
Average day demand in pressure zone, gpm 16,368 
Maximum day demand plus fire flow in pressure zone, gpm(b) 36,735 
Peak hour demand in pressure zone, gpm(c) 49,103 
Reliability: At least two pumps 
(1 duty pump and 1 standby pump) to use in the event of 
mechanical failure 

No(a) 

Backup power provided 11,871(d) 

Adequate capacity during maximum day plus fire flow demand Yes 
Adequate capacity during peak hour demand No 
Additional capacity required, gpm 3,892(e) 

(a) There are only wells serving Pressure Zone 350. All wells have only one pump. The total firm groundwater 
pumping capacity assumes 10% of wells can be out service for maintenance or other issues (e.g., water 
quality). Therefore, the firm groundwater pumping capacity is 42,544 gpm (90% of 47,271 gpm). 

(b) Maximum day demand equals 2.0 times average day demand. Fire flow demand is 4,000 gpm for 4 hours. 
(c) Peak hour demand equals 3.0 times average day demand. 
(d) Backup power is provided at Stations 5, 23, 25, 32, 34, 39, 42, 47, 52, 53, 56, and 59. Total capacity of 

these pumps is 11,871 gpm. 
(e) The hydraulic model indicates that approximately 665 gpm can be supplied from Station 8 tank during a 

peak hour demand condition (no flow can be supplied from Stations 1 and 3 tanks due to the HGL of these 
facility). An additional 2,002 gpm of supply can be conveyed from Pressure Zone 475 to Pressure Zone 350 
through two Pressure Reducing Valves (PRV) located at Manzanita and East Avenue and at Hooker Oak. 
Additional capacity required is Peak hour demand (49,103 gpm) – Firm pumping capacity (42,544 gpm) – 
Station 8 tank (665 gpm) – Supply from PZ 475 (2,002 gpm) =  3,892 gpm. 
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As shown in Table 8-7, an additional firm pumping capacity of 3,892 gpm is required in Pressure 
Zone 350. This additional pumping capacity will be provided by a 7.49 mgd booster pump station 
(total capacity of 5,200 gpm; firm pumping capacity of 3,900 gpm) recommended to be constructed 
with the new 2.7 mgd storage tank to be located at Silver Dollar Way, northwest of the Cal Water 
Chico-Hamilton City District office (see discussion above). 

Water Distribution System 

Peak Hour  

During a peak hour demand condition, results indicate that the existing system in Pressure Zone 350 
could adequately deliver peak hour demands under the Chico-Hamilton City District’s minimum 
pressure criteria of 40 psi (see Figure 8-4). System pressures in this pressure zone ranged from 43 to 
104 psi. 

As illustrated on Figure 8-4, most of the pipelines in Pressure Zone 350 meet the Chico-Hamilton 
City District’s maximum velocities and head losses criteria of 7 fps and 10 ft/kft, respectively. 
However, there is approximately 7,144 feet of 4-inch diameter, or less, pipelines that exceed the 
head loss criteria. Because these pipelines meet the velocity requirement, no mitigation is 
recommended.  

Maximum Day plus Fire Flow Demand 

The fire flow simulation results show that one of the areas in Pressure Zone 350 could not maintain 
minimum system pressure under the required fire flow, or could not be served from nearby fire 
hydrants (i.e., nearby hydrants were not capable of supplying the required fire flow demand).   

A 2,500 gpm fire flow was simulated at the closest hydrant on Pine Street (between 9th Street and 
Eastwood Avenue). Modeling results indicate the existing 2-inch diameter is undersized to supply 
the required fire flow to this area. 

The recommended improvements are shown on Figure 8-5, and include: installation of an 8-inch 
diameter pipeline (approximately 645 feet) along Eastwood Avenue, and replacement of the 
existing 2-inch diameter main along Pine Street (approximately a 167 feet section of pipeline 
northwest of the intersection of Pine Street and Eastwood Avenue) with an 8-inch diameter 
pipeline. The new 8-inch diameter pipeline will provide reliability to this area during a fire flow 
event. In addition, a new hydrant is recommended to be installed on the new 8-inch pipeline along 
Eastwood Avenue. 

Pressure Zone 400 

Water Storage Capacity 

Table 8-8 presents a summary of the operational, fire flow and emergency storage requirements for 
Pressure Zone 400. 
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Table 8-8. Pressure Zone 400 Storage Requirements 

Storage Component Criteria 
Pressure Zone 400  

Storage Required, MG 

Operational 25% of max day demand 0.09 
Operational Storage Credit 50% of excess of groundwater supply(a) (0.33) 

 Operational Storage Required 0 

Fire Flow 4,000 gpm for 4 hours 0.96 

Emergency 50% of max day demand 
(100% of average day demand) 

0.18 

Emergency Storage Credit 100% of wells with auxiliary power (2.33) 
 Emergency Storage Required 0 

Total Storage Requirement 0.96 
Existing Storage Available 0 
Current Storage Deficiency 0.96 

(a) Excess groundwater supply is equal to the firm groundwater pumping capacity minus the maximum day 
demand requirement. 

As shown in Table 8-8, the operational storage credit and the emergency storage credit meet the 
operational and emergency storage requirements, respectively, for Pressure Zone 400. The only 
additional storage required in Pressure Zone 400 is for fire flow and equals 0.96 MG. To meet this 
storage requirement, it is recommended that a new 1.0 MG storage tank be constructed at Station 44 
in Pressure Zone 400. 

Pumping Capacity 

Table 8-9 provides a summary of the evaluation of the wells serving Pressure Zone 400. 
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Table 8-9. Summary of Pressure Zone 400 Pumping Capacity 

 Pressure Zone 400 

Wells Serving Pressure Zone 44 and 64 
Firm groundwater pumping capacity, gpm(a) 700 
Average day demand in pressure zone, gpm 122 
Maximum day plus fire flow demand in pressure zone, gpm(b) 4,244 
Peak hour demand in pressure zone, gpm(c) 366 
Reliability: At least two pumps (1 duty pump and 1 standby 
pump) to use in the event of mechanical failure 

No(a) 

Backup power provided Yes 
Adequate capacity during maximum day plus fire flow demand No 
Adequate capacity during peak hour demand Yes 
Additional capacity required, gpm 3,544(d) 

(a) There are only wells serving Pressure Zone 400. All wells only have one pump. Because there are only two 
wells in Pressure Zone 400, the firm groundwater pumping capacity assumes that the largest well is out of 
service for maintenance or other issues (e.g., water quality). Therefore, the firm groundwater pumping 
capacity is 700 gpm (1,550 gpm – 850 gpm for largest well). 

(b) Maximum day demand equals 2.0 times average day demand. Fire flow demand is 4,000 gpm for 4 hours. 
(c) Peak hour demand equals 3.0 times average day demand. 
(d) Although the hydraulic model indicates that approximately 1,330 gpm can be supplied through the existing 

PRV from Pressure Zone 350 to Pressure Zone 400 during maximum day plus fire flow demand 
conditions, because this pressure zone mainly serves industrial land uses with high fire flow demands, it is 
recommended that the existing PRV be replaced with a booster pump station. Based on this, the additional 
pumping capacity required is Max Day Plus Fire Flow (4,244 gpm) – Firm Pumping Capacity (700 gpm) = 
3,544 gpm. 

Table 8-9 indicates that 3,544 gpm of additional firm pumping capacity is required within Pressure 
Zone 400. To meet this requirement, it is recommended that the existing PRV station at Cohasset, 
which serves as an emergency connection, be replaced with a 6.84 mgd booster pump station 
located at Station 44 capable of pumping a total of 4,750 gpm (firm capacity of 3,560 gpm). This 
recommended new booster pump station would also provide emergency supply during a fire flow 
event.  

Water Distribution System 

Peak Hour 

During a peak hour demand condition, results indicate that the existing system in Pressure Zone 400 
could adequately deliver peak hour demands under the Chico-Hamilton City District’s minimum 
pressure criteria of 40 psi (see Figure 8-6). Pressure within Pressure Zone 400 ranged from 46 to 
74 psi. 
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As illustrated on Figure 8-6, velocities for pipelines in Pressure Zone 400 meet the Chico-Hamilton 
City District’s maximum criteria of 7 fps. All pipelines in Pressure Zone 400 meet the maximum 
head loss criteria of 10 ft/kft, except for pipelines located east of Marauder Street and downstream 
of Station 44. Head losses were 19 and 14 ft/kft, respectively. Because these pipelines meet the 
velocity criteria, no replacement is recommended.  

Maximum Day plus Fire Flow Demand 

A fire flow of 4,000 gpm was simulated at the intersection of Fortress and Piper. Results indicate 
that the existing distribution system was not able to meet fire flow requirements in Pressure Zone 
400. The groundwater pumping capacity in Pressure Zone 400 could not meet the 4,000 gpm fire 
flow during maximum day demand. The previously recommended booster pump station at 
Station 44 (see Pumping Capacity section above) is required. If the recommended booster pump 
station is constructed, hydraulic results indicate that the Pressure Zone 400 system will be able to 
meet the minimum required residual pressure during a 4,000 gpm fire flow demand. Head loss per 
thousand feet is higher in adjacent pipelines than the desired 10 ft/kft but velocities are all below 10 
fps. Thus, no improvements are recommended. 

Pressure Zone 475 

Water Storage Capacity 

Table 8-10 presents a summary of the operational, fire flow, and emergency storage requirements 
for Pressure Zone 475.  

Table 8-10. Pressure Zone 475 Storage Requirements 

Storage Component Criteria 
Pressure Zone 475 

Storage Required, MG 

Operational 25% of max day demand 1.08 
Operational Storage Credit 50% of excess of groundwater supply(a) (1.97) 

 Operational Storage Required 0 
Fire Flow 4,000 gpm for 4 hours 0.96 

Emergency 50% of max day demand 
(100% of average day demand) 

2.17 

Emergency Storage Credit 100% of wells with auxiliary power (5.40) 
 Emergency Storage Required 0 

Total Storage Requirement 0.96 
Existing Storage Available 1.0 
Current Storage Deficiency 0 

(a) Excess groundwater supply is equal to the firm groundwater pumping capacity minus the maximum day 
demand requirement. 
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As shown in Table 8-10, the storage evaluation for Pressure Zone 475 shows that the existing 1.0 
MG of available storage meets the storage requirements within Pressure Zone 475. 

Pumping Capacity 

Table 8-11 provides a summary of the evaluation of the wells serving Pressure Zone 475.  

Table 8-11. Summary of Pressure Zone 475 Pumping Capacity 

 Pressure Zone 475 

Wells Serving Pressure Zone 33, 50, 65, 67, 70, 72 and 76 
Firm groundwater pumping capacity, gpm(a) 5,750 
Average day demand in pressure zone, gpm 1,505 
Maximum day plus fire flow demand in pressure zone, gpm(b) 7,306 
Peak hour demand in pressure zone, gpm(c) 4,962 
Reliability: At least two pumps 
(1 duty pump and 1 standby pump) to use in the event of 
mechanical failure 

No 

Backup power provided 3,750(d) 

Adequate capacity during maximum day plus fire flow demand No 
Adequate capacity during peak hour demand Yes 
Additional capacity required, gpm 106(e) 

(a) There are only wells serving Pressure Zone 475. All wells only have one pump. Because there are only 
seven wells in Pressure Zone 475, the firm groundwater pumping capacity assumes that the largest well is 
out of service for maintenance or other issues (e.g., water quality). Therefore, the firm groundwater 
pumping capacity is 5,750  gpm (7,050 gpm – 1,300 gpm for largest well). 

(b) Maximum day demand equals 2.0 times average day demand. Because Pressure Zone 475 is a main supply to 
pressure zones above it, maximum day demand includes demand in Pressure Zone 475, 635, and 795. Fire 
flow demand is 4,000 gpm for 4 hours. 

(c) Peak hour demand equals 3.0 times average day demand. Because Pressure Zone 475 is a main supply to 
pressure zones above it, peak hour demand includes demand in Pressure Zone 475, 635, and 795. 

(d) Backup power is provided at Stations 33, 67, 70, and 72. Total capacity of these pumps is 3,750 gpm. 
(e) The hydraulic model indicates that approximately 1,450 gpm can be supplied by storage tanks at Station 66. 

Based on this, the additional pumping capacity required is Max Day Plus Fire (7,306 gpm) – Firm 
Pumping Capacity (5,750 gpm) – Station 66 Storage Tanks (1,450 gpm)  = 106 gpm. 

Table 8-11 indicates a slight pumping capacity deficiency of 106 gpm in Pressure Zone 475. 
However, because the deficiency is so slight (less than 2 percent of the firm groundwater pumping 
capacity), additional pumping capacity is not recommended at this time. 
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Water Distribution System 

Peak Hour 

During a peak hour demand condition, results indicate that the existing system in Pressure Zone 475 
could adequately deliver peak hour demands under the Chico-Hamilton City District’s minimum 
pressure criteria of 40 psi to most of the pressure zone (see Figure 8-7). System pressures within the 
pressure zone ranged from 43 to 102 psi. 

As shown on Figure 8-7, a few pipelines exceeded the Chico-Hamilton City District’s maximum 
design criteria of 10 ft/kft head losses. However, these pipelines were all below the District’s 
maximum velocity criteria of 7 fps, except for one pipeline which had a velocity of 7.11 fps. Since 
this velocity is only slightly above the District’s maximum criteria, no improvements are 
recommended. 

Maximum Day plus Fire Flow Demand 

A fire flow demand of 4,000 gpm was simulated at the intersection of Bruce Road and Picholine 
Way in Pressure Zone 475. Results indicate that the existing distribution system in Pressure Zone 
475 is able to meet the required residual pressure. A fire flow of 1,500 gpm was also simulated at 
the higher topographical area on Sparrow Hawk Lane, and results indicate that the existing 
distribution system is able to meet the minimum required residual pressure of 20 psi. 

Pressure Zone 635 

Water Storage Capacity 

Table 8-12 presents a summary of the operational, fire flow, and emergency storage requirements 
for Pressure Zone 635. 
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Table 8-12. Pressure Zone 635 Storage Requirements 

Storage Component Criteria 
Pressure Zone 635 

Storage Required, MG 
Operational 25% of max day demand 0.10 

Operational Storage Credit 50% of excess of groundwater supply(a) 0 
 Operational Storage Required 0.10  

Fire Flow 1,500 gpm for 2 hours 0.18 
Emergency 50% of max day demand 

(100% of average day demand) 
0.19 

Emergency Storage Credit 100% of wells with auxiliary power 0 
 Emergency Storage Required 0.19 

Total Storage Requirement 0.47 
Existing Storage Available 0.5 
Current Storage Deficiency 0 

(a) Excess groundwater supply is equal to the firm groundwater pumping capacity minus the maximum day demand 
requirement. 

As shown in Table 8-12, the storage evaluation for Pressure Zone 635 shows that the existing 
0.5 MG of available storage meets the storage requirements within Pressure Zone 635. 

Pumping Capacity 

Table 8-13 provides a summary of the evaluation of the pump stations serving Pressure Zone 635. 

Table 8-13. Summary of Pressure Zone 635 Pumping Capacity 

 Pressure Zone 635 
Pump Stations Serving Pressure Zone 66 and 73 
Firm booster pumping capacity, gpm 1,100 
Average day demand in pressure zone, gpm 135 
Maximum day plus fire flow demand in pressure zone, gpm(a) 1,769 
Peak hour demand in pressure zone, gpm(b) 404 
Reliability: At least two pumps (1 duty pump and 1 standby pump) 
to use in the event of mechanical failure 

Yes 

Backup power provided No 
Adequate capacity during maximum day plus fire flow demand No 
Adequate capacity during peak hour demand Yes 
Additional capacity required, gpm 0(c) 

(a) Maximum day demand equals 2.0 times average day demand. Fire flow demand is 1,500 gpm for 2 hours. 
(b) Peak hour demand equals 3.0 times average day demand. 
(c) The hydraulic model indicates that approximately 1,368 gpm can be supplied from Station 74 tank during a 

maximum day plus fire flow demand conditions. Based on this, the additional pumping capacity required is Max 
Day Plus Fire (1,769 gpm) – Firm Pumping Capacity (1,100 gpm) – Station 74 Storage Tank (1,368 gpm)  = 0 gpm. 
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Table 8-13 indicates that, with the supply from the Station 74 tank during a maximum day demand 
plus fire flow condition, no additional pumping capacity is required within Pressure Zone 635. 

Water Distribution System 

Peak Hour 

During a peak hour demand condition, results indicate that the existing system in Pressure Zone 635 
could deliver peak hour demands under the Chico-Hamilton City District’s minimum pressure 
criteria of 40 psi (see Figure 8-8). System pressures in Pressure Zone 635 range from 41 to 132 psi. 

Head losses and velocities in Pressure Zone 635 meet the Chico-Hamilton City District maximum 
design criteria of 10 ft/kft and 7 fps as shown on Figure 8-8.  

Maximum Day plus Fire Flow Demand 

A fire flow demand of 1,500 gpm was simulated in Pressure Zone 635 at the intersection of 
Delaney Drive and Titleist Way, and on Shadowtree Lane. Results indicate that the existing system 
in Pressure Zone 635 is able to meet the required residual pressure. 

Pressure Zone 795 

Water Storage Capacity 

Table 8-14 presents a summary of the operational, fire flow, and emergency storage requirements 
for Pressure Zone 795.  

Table 8-14. Pressure Zone 795 Storage Requirements 

Storage Component Criteria 
Pressure Zone 795 

Storage Required, MG 

Operational 25% of max day demand 0.01 
Operational Storage Credit 50% of excess of groundwater supply(a) 0 

 Operational Storage Required 0.01 

Fire Flow 1,500 gpm for 2 hours 0.18 

Emergency 50% of max day demand 
(100% of average day demand) 

0.02 

Emergency Storage Credit 100% of wells with auxiliary power 0 
 Emergency Storage Required 0.02 

Total Storage Requirement 0.21 
Existing Storage Available 0 
Current Storage Deficiency 0.21 

(a) Excess groundwater supply is equal to the firm groundwater pumping capacity minus the maximum day demand 
requirement. 
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As shown in Table 8-14, there is a storage deficiency of 0.21 MG in Pressure Zone 795. Currently, 
this pressure zone is served through a booster pump station with a 0.01 MG hydropneumatic tank. 
Until the District builds out the remainder of the planned service area in this pressure zone (see 
Chapter 9 for buildout evaluation), no storage is recommended for the existing system. 

Pumping Capacity 

Table 8-15 provides a summary of the evaluation of the pump station serving Pressure Zone 795. 

Table 8-15. Summary of Pressure Zone 795 Pumping Capacity 

 Pressure Zone 795 

Pump Station Serving Pressure Zone 66 
Firm booster pumping capacity, gpm 400 
Average day demand in pressure zone, gpm 13 
Maximum day plus fire flow demand in pressure zone, gpm(a) 1,526 
Peak hour demand in pressure zone, gpm(b) 39 
Reliability: At least two pumps (1 duty pump and 1 standby pump) to 
use in the event of mechanical failure 

Yes 

Backup power provided No 
Adequate capacity during maximum day plus fire flow demand No 
Adequate capacity during peak hour demand Yes 
Additional capacity required, gpm 1,126(c) 

(a) Maximum day demand equals 2.0 times average day demand. Fire flow demand is 1,500 gpm for 2 hours. 
(b) Peak hour demand equals 3.0 times average day demand. 

(c) The additional pumping capacity required is Max Day Plus Fire (1,526 gpm) – Firm Pumping Capacity 
(400 gpm)  = 1,126 gpm. 

As shown in Table 8-15, there is a pumping capacity deficit within Pressure Zone 795. An 
additional 1,126 gpm of firm pumping capacity is required. Therefore, 2.44 mgd (total capacity 
1,695 gpm; firm capacity 1,130 gpm) of additional pumping capacity is recommended in Pressure 
Zone 795 at Station 66. 

Water Distribution System 

Peak Hour 

During peak hour demand condition, results indicate that the existing system in Pressure Zone 795 
could not deliver the minimum required pressure under a peak hour demand condition. There are 
two areas in Pressure Zone 795 where pressures are less than the minimum pressure criteria of 40 
psi (see Figure 8-9). These areas are located at Whispering Winds near the Station 74 tank site, at 
Shadybrook near Rising Ridge and at Summit Ridge Terrace. These areas have elevation higher 
than 610 feet (with the highest elevation at 645 feet) which is the existing upper service elevation of 
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the pressure zone. Pressures range between 22 to 38 psi. Based on the location of these low 
pressures, it does not make sense to create a separate pressure zone. However, this may be a policy 
issue that should be addressed by the District. At a minimum, low pressure agreements should be in 
place. 

Head losses and velocities in Pressure Zone 795 are adequate to meet the Chico-Hamilton City 
District maximum design criteria of 10 ft/kft and 7 fps as shown on Figure 8-9.  

Maximum Day plus Fire Flow Demand 

A fire flow demand of 1,500 gpm was simulated in Pressure Zone 795 at the intersection of Summit 
Ridge and Horizon Point. Results indicate that the existing system in Pressure Zone 795 is able to 
meet the required residual pressure when both pumps C and D at Station 66 are operating.  

Hamilton City 

Water Storage Capacity 

Table 8-16 presents a summary of the operational, fire flow, and emergency storage requirements 
for Hamilton City.  

Table 8-16. Hamilton City Storage Requirements 

Storage Component Criteria 
Hamilton City 

Storage Required, MG 

Operational 25% of max day demand 0.27 
Operational Storage Credit 50% of excess of groundwater supply(a) (0.33) 

 Operational Storage Required 0 

Fire Flow 4,000 gpm for 4 hours 0.96 

Emergency 50% of max day demand (100% of average 
day demand) 0.55 

Emergency Storage Credit 100% of wells with auxiliary power (2.88) 
 Emergency Storage Required 0 

Total Storage Requirement 0.96 
Existing Storage Available 0.02 
Current Storage Deficiency 0.94 

(a) Excess groundwater supply is equal to the firm groundwater pumping capacity minus the maximum day demand 
requirement. 

As shown in Table 8-16, the operational storage credit and the emergency storage credit meets the 
operational and emergency storage criteria, respectively. The only additional storage required in 
Hamilton City is for fire flow and equals 0.96 MG. Therefore, a new 1 MG storage tank is 
recommended to serve Hamilton City. This new storage tank should be constructed north of 
Broadway and 6th Street (a future commercial land use parcel). 
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Pumping Capacity 

Table 8-17 provides a summary of the evaluation of the wells serving Hamilton City. 

Table 8-17. Summary of Hamilton City Pumping Capacity 

 Hamilton City 

Wells Serving Pressure Zone 1-01, 2-01, and 2-02 
Firm groundwater pumping capacity, gpm(a) 1,150 
Average day demand in pressure zone, gpm 380 
Maximum day demand plus fire flow in pressure zone, gpm(b) 4,760 
Peak hour demand in pressure zone, gpm(c) 1,140 
Reliability: At least two pumps 
(1 duty pump and 1 standby pump) to use in the event of mechanical failure 

No(a) 

Backup power provided Yes 
Adequate capacity during maximum day plus fire flow demand No 
Adequate capacity during peak hour demand Yes 
Additional capacity required, gpm 3,610(d) 

(a) There are only wells serving Hamilton City. All wells only have one pump. Because there are only three wells in 
Hamilton City, the firm groundwater pumping capacity assumes that the largest well is  out of service for 
maintenance or other issues (e.g., water quality). Therefore, the firm groundwater pumping capacity is 1,150 gpm 
(2,000 gpm – 850 gpm for largest well). 

(b) Maximum day demand equals 2.0 times average day demand. Fire flow demand is 4,000 gpm for 4 hours. 
(c) Peak hour demand equals 3.0 times average day demand. 
(d) Although hydraulic model indicates that approximately 3,768 gpm can be supplied from Stations 1 and 2 

hydropneumatic tanks, no storage credit is given because the size of each tank is 10,000 gallon. These tanks only can 
supply flow into the system for 6 minutes. The hydraulic model also indicates that no flow can be supplied from the 
Station 1 elevated tank due to the hydraulic grade line of this tank. Based on this, the additional pumping capacity 
required is Max Day Plus Fire (4,760 gpm) – Firm Pumping Capacity (1,150 gpm)  = 3,610 gpm. 

As shown in Table 8-17, there is a pumping capacity deficit within Hamilton City. An additional 
3,610 gpm of firm pumping capacity is required. Therefore, an additional 6.93 mgd of pumping 
capacity (total capacity of 4,810 gpm; firm capacity of 3,610 gpm) is recommended in Hamilton 
City. 

Water Distribution System 

Peak Hour  

During a peak hour demand condition, results indicate that the existing system in Hamilton City 
could adequately deliver peak hour demands, under the Chico-Hamilton City District’s minimum 
pressure criteria of 40 psi (see Figure 8-10). 

As illustrated on Figure 8-10, most pipelines meet the District’s maximum velocity and head loss 
criteria. However, the few locations with pipelines that have head losses and/or velocity above the 
District’s maximum criteria are: 

Public Version



  Chapter 8. Evaluation of Existing Water System 

 

May 2008 8-21 California Water Service Company 
o:\c\436\02-06-03\wp\mp\060106ce8 Ch 8  Chico-Hamilton City District 

  Water Supply and Facilities Master Plan 

• At Station 1, there are 6-inch diameter standard steel pipelines which exceed the 
District’s maximum velocity criteria of 7 fps; and 

• Near Station 1, there is approximately 450 feet of 6-inch diameter standard steel pipeline 
on First Street between Broadway and Walsh Avenue which have high head losses and 
velocities. A pipeline replacement recommendation is discussed in the Maximum Day 
plus Fire Flow Demand section below. 

Maximum Day plus Fire Flow Demand 

A fire flow demand of 4,000 was simulated for a school land use type in two areas:  On 6th Street 
and Capay Avenue; and on Capay Avenue and 2nd Street. Results indicate that the existing system 
in Hamilton City is not able to meet the required residual pressure. This is due to undersized 
pipelines and/or the age of steel pipeline (low C-factor) in this area.  

Results from the fire flow evaluation at the school located on 6th Street and Capay Avenue indicate 
that the existing pipelines near this site are undersized for a 4,000 gpm fire flow event. To provide 
this magnitude of fire flow demand, WYA recommends construction and replacement as follows 
(see Figure 8-11 for detailed locations): 

• Install a new 12-inch diameter pipeline along Broadway Avenue, from 1st Street to 6th 
Street (approximately 2,892 feet) 

• Replace the existing 6-inch diameter pipeline along 6th Street, from Broadway Avenue 
to alley located southwest of Capay Avenue (approximately 196 feet) to a 12-inch 
diameter pipeline 

• Replace the existing 6-inch diameter pipeline along 6th Street from the alley between 
Broadway Avenue and Los Robles to alley located west of Capay Avenue 
(approximately 762 feet) with an 8-inch diameter pipeline 

• Replace the existing 6-inch diameter pipeline (approximately 515 feet) along 1st Street 
from Station 1 site to Broadway Avenue to a 12-inch diameter pipeline 

Results from the fire flow evaluation at the school site located on Capay Avenue and 2nd Street 
indicate that the existing pipelines near this site are undersized for a 4,000 gpm fire flow event. To 
provide fire flow demand, WYA recommends the following improvements (see Figure 8-12): 

• Install a new 12-inch diameter pipeline along 2nd Street, from Broadway to the alley 
between Los Robles Avenue and Capay Avenue (approximately 630 feet) 

• Replace the existing 6-inch diameter pipeline along 2nd Street, from the alley between 
Los Robles Avenue and Capay Avenue to Capay Avenue (approximately 250 feet) to an 
8-inch diameter pipeline 

A fire flow demand of 3,000 gpm was simulated at 6th Street between Shasta Avenue and Sierra 
Avenue, and results indicate that the existing system in Hamilton City is not able to meet the 
required residual pressure. To provide a 3,000 gpm fire flow to hydrants located on 6th Street 
(between Shasta Avenue and Sierra Avenue), WYA recommends the following improvements (see 
Figure 8-13): 
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• Install approximately 1,048 feet of an 8-inch diameter pipeline along 5th Street from the 
existing pipeline near Station 2 to the alley between Shasta Avenue and Sierra Avenue 

A fire flow demand of 1,500 gpm was simulated at two locations within Hamilton City. The first 
fire flow was simulated on 2nd Street between Sierra Avenue and Sacramento Avenue. Results 
indicate that the existing system in Hamilton City is not able to meet the required residual pressure 
at this site. To provide a 1,500 gpm fire flow to the hydrant located on 2nd Street, WYA 
recommends installing an 8-inch diameter pipeline (approximately 198 feet) along 2nd Street from 
Sacramento Avenue to the alley between Sacramento Avenue and Sierra Avenue (see Figure 8-14). 
A second fire flow was simulated on 4th Street, between Los Robles Avenue and Broadway 
Avenue. Results also indicate that the existing system is not able to meet the required residual 
pressure. To meet the required minimum residual pressure, WYA recommends installing an 8-inch 
diameter pipeline (approximately 208 feet) along 4th Street, from Broadway Avenue to the alley 
between Broadway Avenue and Los Robles Avenue (see Figure 8-15). 

SUMMARY OF RECOMMENDED IMPROVEMENTS FOR EXISTING POTABLE 
WATER SYSTEM 

The recommended improvements needed to eliminate deficiencies identified in the analysis of the 
existing distribution systems are summarized below and are shown on Figure 8-16. The estimated 
costs for these recommended improvements are discussed in Chapter 10. 

Pipelines 

• To alleviate minimum pressure problems during maximum day demand plus fire flow in 
Pressure Zone 350, the following improvements are recommended. 

⎯ Install 645 feet of new 8-inch diameter pipeline along Eastwood Avenue 
⎯ Upsize approximately 167 feet of an existing 2-inch diameter pipeline along Pine 

Street to an 8-inch diameter pipeline 

• To alleviate head loss problems during maximum day demand plus fire flow in 
Hamilton City, the following improvements are recommended: 

⎯ Upsize approximately 196 feet of an existing 6-inch diameter pipeline along 6th 
Street to a 12-inch diameter pipeline 

⎯ Upsize approximately 762 feet of an existing 6-inch diameter pipeline along 6th 
Street to an 8-inch diameter pipeline 

⎯ Upsize approximately 515 feet of an existing 6-inch diameter pipeline along 1st 
Street to an 8-inch diameter pipeline 

⎯ Install 2,892 feet of a new 12-inch diameter pipeline along Broadway Avenue 
⎯ Install 630 feet of a new 12-inch diameter pipeline along 2nd Street 
⎯ Upsize approximately 250 feet of an existing 6-inch diameter pipeline along 2nd 

Street to an 8-inch diameter pipeline 
⎯ Install 1,048 feet of a new 8-inch diameter pipeline along 5th Street  
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⎯ Install 198 feet of a new 8-inch diameter pipeline along 2nd Street 
⎯ Install 208 feet of a new 8-inch diameter pipeline along 4th Street 

Pump Stations 

• A new 7.49 mgd booster pump station should be constructed to convey water from a 
new 2.7 MG storage tank located at Silver Dollar Way to increase storage in Pressure 
Zone 350. 

• A new 3.24 mgd booster pump station should be constructed to convey water from a 
new 1.0 MG storage tank to be located at Mcintosh Avenue, west of Dayton Road to 
increase storage in Pressure Zone 350. 

• A new 6.34 mgd booster pump station should be constructed to convey water from a 
new 1.0 MG storage tank to be located between Bruce Road and Potter Road to increase 
storage in Pressure Zone 350. 

• A new 4.54 mgd booster pump station should be constructed to convey water from a 
new 1.0 MG storage tank to be located southwest of Highway 99 and Entler Avenue 
(west of Norfield Avenue) to increase storage in Pressure Zone 350. 

• A new 6.84 mgd booster pump station should be constructed at Station 44 to provide 
maximum day plus fire flow demand in Pressure Zone 400. 

• An additional 2.44 mgd of total pumping capacity should be provided at Station 66 to 
provide maximum day plus fire flow demand in Pressure Zone 795. 

• A new 6.93 mgd booster pump station should be constructed in Hamilton City to convey 
water from a new 1.0 MG storage tank located north of Broadway and 6th Street (future 
commercial land use parcel). 

Storage Facilities 

• To alleviate operational and fire flow storage deficiencies, an additional 5.7 MG of 
storage should be provided in Pressure Zone 350. These facilities should include the 
following: 

⎯ 2.7 MG storage tank with a 7.49 mgd booster pump station to be located at Silver 
Dollar Way, northwest of the Cal Water Chico-Hamilton City District office 

⎯ 1.0 MG storage tank with a 3.24 mgd booster pump station to be located at 
Mcintosh Avenue, west of Dayton Road 

⎯ 1.0 MG storage tank with a 6.34 mgd booster pump station to be located between 
Bruce Road and Potter Road 

⎯ 1.0 MG storage tank with a 4.54 mgd booster pump station to be located 
southwest of Highway 99 and Entler Avenue (west of Norfield Ave) 

• To alleviate fire flow storage requirements in Pressure Zone 400, a new 1.0 MG storage 
tank should be constructed at Station 44 in Pressure Zone 400. 
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• To alleviate fire flow storage requirements in Hamilton City, a new 1.0 MG storage tank 
with a 6.93 mgd booster pump should be constructed north of Broadway and 6th Street 
(future commercial land use parcel). 

Standby Generators 

• To increase the emergency storage credit in Pressure Zone 350, standby generators 
should be installed at Stations 54, 71, and 75. 

 

Public Version



K

LI

FIGURE 8-1

California Water Service Company
Chico - Hamilton City District Water
Supply and Facilities Master Plan
EXISTING WATER SYSTEM

0 0.4 0.80.2

Scale in Miles

!!8 Station

Cal Water Service Area

Pipeline Diameter < 12-inch

Pipeline Diameter ≥ 12-inch

Pressure Zone
350

400

475

635

795

Street

o:
\c

\4
36

\0
2-

06
-0

3\
G

IS
\W

M
P\

C
h8

\F
ig

ur
e 

8-
1_

C
W

S
E

xS
ys

.m
xd

   
   

NOTES:

LEGEND:

***
Public Version



HWY 32

R
IV

ER

BELL

1ST
OAK

NEAL

NORD

HW
Y 99D

AY
TO

N

M
E

R
ID

IA
N

20TH

DOE M
ILL

ANITA

M
ID

W
AY

H
IC

K
S

EATON

8TH

C
O

H
A

S
S

E
T

HEGAN

HUMBOLDT

KEEFER

M
U

IR

HONEY RUN

PARK

3RD

SACRAMENTO

FAIR

CHICO RIVER

FIMPLE

UPP
ER

 P
AR

K

EAST

ST
IL

SO
N

 C
AN

YO
N

GRAPE

LO
TT

M
C

IN
TO

SH

CHICO CANYON

SKYWAY

BAY

ELK

CHICO

C
R

O
U

C
H

KENNEDY

JO
N

E
S

WILSON LANDING

FLO
R

AL

OROVILLE CHICO

LO
N

E 
P

IN
E

EDGAR

C
A

R
M

EN

NANCE CANYON

GUYNN

EMMA
MESA

BLOSSOM GARDEN

COSBY

SANTA RITA

R
O

SE

BR
UC

E

RODEO

MARJAC

PI
ER

C
E

OASIS

PO
TT

E
R

2ND

WILDWOOD

MANZANITA

SANTA ROSA

16
TH

RODGERS

ROBLE

4TH
LI

BE
R

TY

M
IL

LE
R

TA
FF

EE

MOREHEAD

SE
TH

VI
S

P
E

R
A

ES
Q

U
O

N

HENGST

MARIAN

R
EA

VI
S

ALTATINA

STANLEY

D
A

IR
Y

KATHY

H
A

M
IL

T O
N

-N
O

R
D

-C
A

N
A

LINDO

K. V.

WILLOW LANDING

KONNING

BENNETT

CHAYOTE

AL
B

E
R

TO
N

STEVENS

SPANISH GARDEN

B

C
R

A
M

ER

H
O

S
LE

R

KEITH

ANGELENA

ELM

BA
TT

LE
 V

IE
W

D

MARYBILL RANCH

FE
R

S
O

N

WELDING

POPPY

LO
N

G
E

S
T

OCEAN

COYOTE

EAGLE NEST

AMANDA

M
AR

M
O

R
E

PASATIEMPO

EAST

8TH

HWY 32

NORD

COSBY

NORD

CHICO

H
A

M
IL

TO
N

-N
O

R
D

-C
A

N
A

SKYWAY

SKYW
AY

BR
U

C
E

SKYWAY

2ND

AL
TA

TI
NA

FIGURE 8-2

California Water Service Company
Chico-Hamilton District Water

Supply and Facilities Master Plan

EXISTING LAND USE

0 1 20.5

Scale in Miles

Cal Water Service Area

Assumed Served by Private Well

Residential

Multiple Residences

Commercial

Industrial

Government

Parks & Recreation

School

Open Space/Agriculture

No Water Demand - Runway

Vacant (to be developed)

Street

Greenline

1st

6th 5th

3rd

2nd

4th

W
alsh

C
anal

Road 16

R
oad 203

R
oad 206

State Hwy 32

Fifth

Park

State H
w

y 45

Fourth EastState Hwy 32

R
oad 203

HAMILTON CITY

Greenline is an urban growth boundary adopted
Butte County in 1982.

0 0.6 1.20.3

Scale in Miles

o:
\c

\4
36

\0
2-

06
-0

3\
G

IS
\W

M
P\

C
h8

\F
ig

ur
e 

8-
2_

Ex
is

tin
gL

an
dU

se
.m

xd
   

   

NOTES:

LEGEND:

99

Public Version



HWY 32

R
IV

ER

BELL

1ST
OAK

NEAL

NORD

HW
Y 99D

AY
TO

N

M
E

R
ID

IA
N

20TH

DOE M
ILL

ANITA

M
ID

W
AY

H
IC

K
S

EATON

8TH

C
O

H
A

S
S

E
T

HEGAN

HUMBOLDT

KEEFER

M
U

IR

HONEY RUN

PARK

3RD

SACRAMENTO

FAIR

CHICO RIVER

FIMPLE

UPP
ER

 P
AR

K

EAST

ST
IL

SO
N

 C
AN

YO
N

GRAPE

LO
TT

M
C

IN
TO

SH

CHICO CANYON

SKYWAY

BAY

ELK

CHICO

C
R

O
U

C
H

KENNEDY

JO
N

E
S

WILSON LANDING

FLO
R

AL

OROVILLE CHICO

LO
N

E 
P

IN
E

EDGAR

C
A

R
M

EN

NANCE CANYON

GUYNN

EMMA
MESA

BLOSSOM GARDEN

COSBY

SANTA RITA

R
O

SE

BR
UC

E

RODEO

MARJAC

PI
ER

C
E

OASIS

PO
TT

E
R

2ND

WILDWOOD

MANZANITA

SANTA ROSA

16
TH

RODGERS

ROBLE

4TH
LI

BE
R

TY

M
IL

LE
R

TA
FF

EE

MOREHEAD

SE
TH

VI
S

P
E

R
A

ES
Q

U
O

N

HENGST

MARIAN

R
EA

VI
S

ALTATINA

STANLEY

D
A

IR
Y

KATHY

H
A

M
IL

T O
N

-N
O

R
D

-C
A

N
A

LINDO

K. V.

WILLOW LANDING

KONNING

BENNETT

CHAYOTE

AL
B

E
R

TO
N

STEVENS

SPANISH GARDEN

B

C
R

A
M

ER

H
O

S
LE

R

KEITH

ANGELENA

ELM

BA
TT

LE
 V

IE
W

D

MARYBILL RANCH

FE
R

S
O

N

WELDING

POPPY

LO
N

G
E

S
T

OCEAN

COYOTE

EAGLE NEST

AMANDA

M
AR

M
O

R
E

PASATIEMPO

EAST

8TH

HWY 32

NORD

COSBY

NORD

CHICO

H
A

M
IL

TO
N

-N
O

R
D

-C
A

N
A

SKYWAY

SKYW
AY

BR
U

C
E

SKYWAY

2ND

AL
TA

TI
NA

FIGURE 8-3

California Water Service Company
Chico-Hamilton District Water

Supply and Facilities Master Plan
EXISTING SYSTEM

FIRE FLOW DEMANDS

0 1 20.5

Scale in Miles

Cal Water Service Area

Assumed Served by Private Well

Street

Fire Flow Demand
1,500 gpm for 2 hours

2,500 gpm for 2 hours

3,000 gpm for 3 hours

4,000 gpm for 4 hours

1st

6th 5th

3rd

2nd

4th

W
alsh

C
anal

Road 16

R
oad 203

R
oad 206

State Hwy 32

Fifth

Park

State H
w

y 45

Fourth EastState Hwy 32

R
oad 203

HAMILTON CITY

0 0.6 1.20.3

Scale in Miles

o:
\c

\4
36

\0
2-

06
-0

3\
G

IS
\W

M
P\

C
h8

\F
ig

ur
e 

8-
2_

Ex
is

tin
gL

an
dU

se
.m

xd
   

   

NOTES:

LEGEND:

99

Public Version



!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!!

!

!

!

!

!

!!

!

!
!

!

!

!!

!

!
!!

!

!
!!

!

!

!

!

!

!!!!
!

!

!
!

!

! !!!

!

!

!!

!

!
!!

!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!! !

!

!

!
!

!

!

! !

!

!

!

!

!

!!
!

!

!

!

!
!

!

!
!

!

!

!!

!

!

!

!

!!

!

!

!

! !

!

!

!!

!

!!

!

!

!

!

!

!

!!
!

!

!

!

!

!

!

!

!!

!

!

!

!

!!

!

!

!
!

!
!

!!

!

!!

! !

!

!!

!

!
! !

!

!

!

!

!

!
! !

!!

!
!

!

!!

!

!!!!

!

!

!
!

!!!

!

!!
!

!
!!

!

!!
!!!

!

!
!!

!

!

!

!

! !

!!

!

!

!

!

!!
!

!

!

!

!
!

!

!

!
!

!

!

!

!

!
! !

!

!!!!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!
!!

!

!

!!
!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!!

!
!!

!
!!!
!

!

!

!

!

!
!
!

!

!!

!

!

!

!

!
!

! !

!

!

!!

!
!

!

!!

!

!

!

!

! !

!

!
!

!!
!

!
!!

!

!

!!

!!
!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!
!

!!
!

!

!

!

!

!

!
!

!

!

!
!

!

!
!

!

!
!

!

!

!
!

!

!
!!!

!!
!

!

!

!

!

!
!

!!

!

!
!

!
!
!

!

!

!
!!
!

!
!

!!

!

! !!

!

!!! !

!

!!
!

!
!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!
!

!

!
!

!

!

!

!

! !

!
!

!
!

!
!!

!

!

!!

!

!

!

!

!!

!

!

!

!

!

!!
!!

!

!

!!

!

!
!

!

!

!

!!
!

!!

!!!

!
!

! !

!

!

!

!

!!

!

!!
!

!

!

!

!

!
!

!

!

!
!!

!
!

!!!

!
!

!
!!

!

!

!

!!

!

!

!

!
!!

!

!

!

!

!! !

!

!

!

!

!
!

!

!

! !

!

!

!

!!

!

!

!

!

!

!

!

!!

!!

!

!

!

!

!

!

!!

!!

!
!

!

!

!

!!

!

!

!

!! !

!

!

!!!

!
!

!

!!!
!

!

!

!
!

!
!! !

!!
!

!

!
!

!

!

!

!

!

!

!
!

!!
!
!!

!

!

!

!

!

!
!

!
!!

!
!!

!

!

!!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!! !!

!

!
!

!

!

!

!

!

! !

!

!!
!

!

!
!

!

!
!

!

!
!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!!

!

!

!

!

!!

!

!

!

!

!

!

!

!!

!

!
!

!

!

!! !!

!!

!

!

!!

!

!

!

!

!

!

!

!

!!

!

! !

!

!

!

!

!

!
!

!
!

!

!

!

!

!

!!
!

!!

!

!

!!

!

!

!

!!! !

!
!

!

!

! !

!

!

!

!

!

!

!

!

!!!!

!!

!

!

!
!

!!

!

!

!

!

!

!

!
!

!!
!
!

!!

!

!

!

!

!

!
!
!

!
!

!

!!

!!

! !

!

!

!

!

!!!

!
!

!!
!!!

!
!

!
!

!

!! !

!

!!

!

!

!!

!

!

!
!

!
!!

!

!

!!!

!

!!

!

!

!

!

!

!

!

!!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!!
!! !

!

!

!

!!!

!

!

!
!

!
!

!

!

!

!

!!
!!

!

!

!

!

!

!
!

!

!

!

!
!

!
!

!
!

!

!

!

!

!

!
!

!

!

!

!

!
!

!

!

!

!

!!

!

!

!

!

!!

!

!

!!

!

!!

!

!

!

!

!!

!
!

!

!

!!!

!

!
!
!

!

!!

!

!

!

!
!

!

!

!

!
!

!!
!!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!

!

!

!
!

!

!

!
!

!

!

!

!
!

!

!
!

!

!

!

! !

!

!

!!

!

!

!

!

!
!

!

!

!

!

!
!

!

!

!

!

!
!

!

!
!

!

!
!
!
!

!

!

!

!

!

! !

!

!

!

! !
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!!

!
!

!

!

!!

!!

!!

!!
!!

!!

!!

!!

!

!!!!!!

! !!!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!!
!

!

!

!

!
!

!

!

!

!

!

!!

!
!

!

!
!

!

!

!

!

!
!

!
!

!

!
!

!

!

! !

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!
!

!

!

!

!

!

!

!

!
!

!

!
!
!!

!

!
!

!!

!!

!!

!!

!!

!!
!!

!!

!!

!!

!!

!! !!

!!

!!

!!

!! !

!!
!!

!!

!!
!

!!

!!

!!

!

!!

!!

!

!!

!!

!!

!!

!!

!!!!

!!

!!!!

!!

!!

!!

!!

!!
!!

!!

!!

!!

!!

!!!

!!

!!

!!
!!

!!

!!

!!

!

!

!

!

!

!

!!

!

!
!

!

!
!

!

!

!

!
!

!

!

!

!

!!

!

!

!

!

!!

!

!
!

!

!

!

!

!

!

!

!!

!!

!!

!!

!!

!!

!!

!!

!!
!!

!!!!

!!

!

!!
!!!!
!!

!!

!!

!!

!!

!!

!
!!
!

!!

!!

!!

!!

!

!!

!!!!

!!

!!!!

!!

!!

!!

!!

!

!!

!!!!

!
!!

!

!!

!!

!
!!!!

!!

!!
!!

!!

!!
!!

!!

!!

!!
!!

!

!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!
!!

!

!

!

!!

!

!

!
!

!

!

!

!

!
!

!

!

!

!!

!

!

!

!
!

!

!!

!

!
!

!

!

!!

!

!

!

!

!!

!

! !

!

!

!

!

!

!

!

!!

!

!!!!

!

!

!

!

!

!

!

!

!

!

!

!

!
!
!

!

!

!

!
!

!

!!

!

!

!!
!!

!!

!!

!

!
!!

!

!

!

!

!!

!

!

!

!

!!

!

!

!

!

!

! ! !

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!
! !

!

!

!

!

!

!

!

!!

!!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

! !

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!!

!

!

!
!!

!

!

!

!
!

!

!!

!

!

!

!

!

!!

!!

!!
!

!!

!

!!
!

!

!
!!

!

!
!

!

!
!

!!

!

!

!!

!
!

!

!

!

!

!!

!

!

!!!!

!

!

!!

!

!

!

!!

!!

!

!

!!

!

!!

!

!

!

!

!
!

!

!

!!

!

!

!

!

!

!
!

!

!

!

!

!!

!

!

!!
!!

!

!

!

!

!
!

!

!

!

!

!

!!

!!

!

!

! !

!!!

!

!

!!

!
!!

! !
!

!

!!

!

!

!
!

!

!

!

!

!
!

!!

!

!

!

!

!!

!

!!
!

!

!

!!!

!

!

!

!

!

!

!!

!

!

!

!

!

!!

!

!!

!!

!

!

!!
!

!
!!

!

!

!
!
!!

!

!

!

!

! !

! !

! !

!

!

!

!

!
!

!

!

!

!

!

!!

!

!

!

!

!!

!!

!!
!

!
!

!

!

!

!

!!

!

!

!
!

!

!
!!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!!!

!!
!!

!

!

!
!

!

!

!

!

!
!

!

!

!

!
!

!
!!!

!

!

!

!!
!!

!
!!

!

!

!!

!

!

!

!
!!

!

!
!

!!

!

!

!
!

!

!

!

!

!!

!

!!

!

!

!!

!

!

!

!!
!

!!

!
!
!

!

!

!

!
!!
!

!
!!

!

!

!

!!

!

!
!

!!

!!

!

!

!

!
!

!
!

!

! !

!

!

!

!

!
!

!
!!

!

!

!

!
!

!

!

!
!

!!
!

!!!
!

!

!!

!

!!
!

!
!

!

!

!

!

!
!

!

!

!
!

!
!!

!

!

!

!

!

!!

!

!

!!

!

!
!

!

!

!

!!!

!

!

!

!!

!

!
!

!

!

!
!

!!

!

!!
!

!

!
!

!!

!
!!

!
!

!
!

!

!

!

!

!

!

!

!

!
!

!
!
!

!

!

!!

!

!

!

!

!
!

!

!
!

!!

!

!

!
!

!!!

!

! !

!!

!
!

!

!
! !

!
!!

! !! !

!

! !!

!

!
!!

!

!

!

!
!

!!
!

!
!!

!!
!!

!
!

!

!!

!

!

!

! !
!!

!! !

!

!
!

! !

!

!

!

!
!
!
!

!

!

!

!!!

!!!

!

!!

!

! !!

!!
!!

!

!!

!

!

!

!

!
!

!!

!
!!

! !

!

!
!

!

!

!!

!
!!

!

!!

!!

!

! !

!

!
!

!

!

!

!

!

!
!

!

!

!
!

!
!

!

!

!!!!!!

!

!!

!

!

!
!

!!

!

!

!

!

!

!!

!

!

!

!

!!
!

!!

!!

! ! ! !
!

!

!

!
!!!

!
!

!!

!

!

!

!
!

!

!!!
!!

!

!
!!

!!

!

! !

!

!

!
!!

!!

!

!

!
!

!

!

!
!
!
!

!

!!
!

!
!

!
!

!!

!
!

!
!

!
!

!!

!

!

!!
!

!
!

!

!
!

!

!

!

!

!

!

!
!

!

!!

!

!

!

!

!

!

!

! !

!
!

!

!

!

!!
!
!!!
!

!!

!!!
!
!

!

!

!

!

! !

!!! !

!! !
! !

!!

!

!

!

!

!

! !

!

!

!

!!
!

!

!

!

!

!

!

!

!!! !!!

!

!!

!
!!

!

!
!

!! !

!

!

!

!

!

!

!

!

!

!!

!

!!

!
!

!

!

!

!

!!

!

!

!

!

!

!

!
!

!

!
!
!

!

!
!

!
!

!

!

!

!!!!
!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!!
!

!!

!

!
!

!

!!

!
!!!

!
!!!

!!

!

!!!!

!

!!

!!
!!

!!

!

!

!

!
!

!!

!
!!!

!

!!

!!
!

!

!

!!!
!

!
!

!!
!

!
!

!

!

!

!!

!!
!

!

!

!!

!

!

!
!

!
!!
!

!
!!

!!
!

!
!!

!!
!

!
!!

!!!

!!

!
!

!
!

!
!

!!

!

!

!

!

!
!

!
!

!

!
!

!

!

!!

!

!!

! !

!!

!!

!!!!

!

!

!!

!!
!

!

!!

!
!

!!

!

!!

!

!

! !!

!

!

!

!
!

!

!

!!
!

!!
!

!

!

!

!

!

!
!!

!
!

!

!

!

!

!

!
!
!!
!

!
!

!
!

!

!!

!
!

!!!
!

!

!

!

!!

!

!

!
!

!!
!
!!

!

!

!!

!

! !

!
!!

!

!

!!

! !

!

!

!

!!
!

!

!

!

!
!!

!
!!!!

!

!!!
!

!

!!
!!

!!

!

!
!

!

!!

!
!

!

!!
!!

!

!

!!

!

!

!

!
!!

!

!

!

!!!
!!

!

!!
!

!!

!
!
!

!

!!

!
!
!

!

!!
!

!!

!

!
!!

!
!

!
!

!

!
!

!
!!!!!!

!

!!!!
!

!
!!

!

!
!

!

!!
!

!!!

!

!
!

!

!

!

!!

!!
!!

!

!
!!

!!

!

!!
!

!!

!!
!

!!
!
!

!

!!

!

!

!

!!

!

!

!

!

!
!

!

!

!

!!
!
!

!

!

!

!

!

!
!

!

!
!
!

!!

!

!

!
!

!

!

!

!!

!

!

!

! !!

!
!

!
!

!
!

!

!

!!

!

!!

!

!

!

!
!

!!
!!

!

!

!
!!

!

!

!

!

!

!

!
!

!

!!

!!
! !!

!

!
!
!!!

!!!!

!

!!!!

!!

!

!!!!

!

!!

!

!
!!

!
!

!!!
!!

!

!
!

!

!!

!!

!!
!!!

!

!
!

!

! !

!!

!!!
!

!

!

! !
!

!

!

!!!!

!
!!!

!
!

!
!

!
!!

!!!

!
!

!

!

! !
!

!

!

!
!

!

!!

!!

!

!!
!

!
!

!

!!

!
!

!

!

!

!!

!!
!

!
!

!
!
!

!

!
!

!!
!!

!

!

!!!

!

!

!!
!!

!

!

!
!

!

!!

!!!!

!!

!!
!!!

!!

!!
!

!!!

!
!

!
!!

!!

!
!

!
!!

!
!
!

!
!!

!
!
!

!!
!!
!

!!
!

!!

!

!
!!

!!

!!! !
!

!

!

!!

!

!
!
!

!
!

!!

!!

!!

!!

!

!

!

!

!!
!

!
!

!

!

!

!

!!

!

!

!
!

!
!

!

!

!

!

!

!
!

!

!

!

!
!

!

!

!

!

!

!
!!

!!!!!

!

!!

!
!!!!!

!

!

!
!
!

!
!
!

!

!

!

!

! !

! !!

!
!!

!

!

!

!

!!

!!

!

!
!

!

! !

!!

!

! !!

! !

!

!
!

!
!

!! !

!

! !

!!

!!

!

!
!!

!!

!

!!
!

!

!

!

!

!

!! !
!

!

!

!

!!

!

!

!

!

!

! !!!
!

!

!

!

!

!

!

!

!

!

!

!!

! !

! !

!

!

!!

!!

!
!

!

!

!!

!

!

!

!!

!

!

!

!

!

!

!

!

!!

!!

!!
!! !!

!

!!

!!

!

!!
!
!

!!!
!!
!

!

!

!

!

!!

!

!
!

!
!
!

!

!
!

!

!

!
!

!
!

!

!

!

!

!
!!

!

!

!

!

!!

!!
!

!

!

!
!!

!
!

!

!

!

!

!
!

!
!

!

!

!

!!!

!

!

!
!
!

!
!
!
!

!

!
!

!

! !

!!!

!
!

!

!

!!

!

!!

!
!

!
!!

!

!

!

!!!

!
!
!
!

! ! !

!

!
!

!

!
!
!

!

! !

!! !
!

!

!!

!

! !

!

!

!
!
!

!

!
!
!
!

!

!! !!

!
!
!!!!

!
!

!

!

!

!!

!!

!

!

!!

!

!

!

!!

!

!

!
!!!

!

!!
!

! !
! !

!

!!
!! !

!!

!!

!

!

!!
!

!

!

!

! !

!

!

!

!

!

!

!

! !

!

!

!! !

!! !

!

!

!

! !

!!

!

!

!

!

!

!

!

!!

!

!

!

!

!!!

!

!

!!

!

!!

!

!

!! !

!!

!!

!

!

!!

!

!

!!

!

!

!

!!!

!
!
!!!

!

!

!

!!
!!

!

!

!!

!

!

!

!

! !

!

!
!

!
!

!

! !

!
!

!
!
!!!!

!!
!

!!

!!

!

!!

!!!
!

!

!
!!

!

!!

!

!!

!

!

!!

!!

!!

!

!

!

!

!

!

!

!
!

!

!

!!
!

!!

!

!!

!

!

!
!

! !
!!

!

!!
!!

!!
!!

!!
!

!

!
!
!

!

! !
!

!!!

!

!

! !!!

!
!

!
!

!

! !

!!
!

!!

!

!
!

!

!!

!

!

!!

!
! !!!

!

!

!

!!

!

!!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!!

!!

!

!!

!

!

!

!

!!

!!

!

!

!

!!!
!

!

!

!

!

!

!

!!

!!!

!
!!
!

!

!

!

!

!
!

!!

!

!

!
!

!!

!

!

!

!!

!
!
!
!!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!
!

!

!

!

!

!

!

! !

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!!
!

!

!
!

!

!

!
!

!

!

!

!

!

!

!

!

!

! !

!

!!

!
!

!!
!

!!

!

!

!

!

!!

!

!

!

!

!

!

!

!!

!

!

!
!

!

!

!!

!

!
!!
!
!

!

!

!!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!!

!

!!

!

!

! !
!

!

!

!

!
!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!
!

!

!!!!

!

!

!
!!

!!

!

!

!
!
!

!

!

!

!!

!!

!
!!

!

!

!

!

!

!
!

!

!

!

!!

!

!

!!

!!

!!

!

!
!

!

!

!!
!

!!

!!

!

!

!

!

!

!

!!
!!!

!
!
!
!

!

!
!

!

!

!

!

!

!!

!

!!

!!

!
!

!!

!

!
!

!!

!

!!

!

!!

!!

!

!
!

!

!

!!

!!

!!
!

!

!

!

!!
!!!
!

!!!!

!

!!

!

!

!!
!!

!
!!
!

!
!

!

!
!

!

!

!!

!

!!!

!

!

!
!

!
!

!

!!!

!

!
!

!!

!

!
!

!
!!

!

!

!

!
!

!

!

!
!

!!

!

!

!

!!

!

!

!
!

!

!
!

!

!

!!

!
!
!

!

!

!!

!

!
!

!!
!

!

!

!!!
!

!!

!

!

!
!!

!

!

!

!

!!

!!

!!

!

!
!

!

!

!

!

!
!
!

!

!!

!

!!
!

!

!!

!

!

!

!
!

!
!

!!

!
!

!

!

!!
!

!

!

!!

!!

!

!!

!

!
!

!

!
!

!

!

!
!

!

!

!

!

!

!

!

!

!!

!

!

!
!

!

!

!

!

!

!
!

!

!

!
!
!
!

!

!

!
!

!

!

!!!

!

!

!

!
!

!

!

!
!

!

!

! !
!!

!!

! !

!

!!

!
!

!

!!

!

!

!

!
!

!

!

!
!

!

!

!

!!

!!

!

!

! !

!

!

!

!

!!!
!

!
!!

! !! !

!

!!

!

!

!

!

!!

!

!

!!

!

!

!!

! !
!

!

!

!
!

!

!
!

!
!!
!

!

!

!

!

!

!!

!
!

!

!!

!

!!

!!

!!
!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!
!!

!

!

!

!!

!
!

!!!

!!

!

!

!

!!!

!

!!!

!

!

!!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!
!

!

!
!

!
!

!

!

!

!
!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!
!

!

!

!
!!

!

!
!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!!
!

!
!

!

!

!

!
!

!
!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!!!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!!

! !
! !

!

!

!

!

!
!

!
!

!
!

!

!

!

!

!

!

!!

!!!!

!

!

!

!

!

! !

!!

!

!

! !

!

!

!

!

!

!

!

!

!

!!

!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!

!!

!

!

!

!

!

!

! !

!
!

!

!

!

!

!

!!

!

!

!

!

!
!

!

!

!
!

!

!

!
!

!

!

!

!

!

! !

!
!

! !

!

!

!

! ! ! !

!
!

!!

!

!

!

!

!

!

!!

!

!

!
!

!

! !

!

!
!

! !

! !

!

!

!

!!

!!
!

!

!

!

!

!

!

!

!

!

!

! !

!
!

!

!
!

!

!

!

!

!
!

!

!

!

!

!!

!

!

!

!

! !

!!

!
!

!

!

!

!

!

!

!

!

!!
!

!

!

!

!

!

!

!

!

!

!

!

!
!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!
!!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!!

! !

!

!
!

!

!

! !

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!!

!

!

!
!

!

!

!

!

!

!
!

!

!

!

!

!

!!

!
!

!

!

!

!
!
!

!

!
!!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

! !
! !

!

!

!

!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!
!

!
! !! !

!

!

!

! !

!!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

! ! !

!

!

!

!
!

!

!

!

!

!

!

!!

!!

!

!
!

!

!

!

!
!

!

!!

!!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!!

!

!!

!

!

!!

!

!

!!

!

!

!!

!!

!!

!!!

!

!

!

!

!

!

!
!

!!

!

!

!

!
!

!

!! !!!

!

!
!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

! !

!

!

!!
!

! !

!

!
!!

!
!!
!

!!

!

!

!
!

!
!

!!

!
!

!

!
!

! !
!

! !

!

!

!

!

!

!

!

!!

!!

!!
!!

! !

!

!

!!!

!!

!

!
!

!
!

!

!

!

!

!

! ! !

!

!!

!
!

!

!

!

!

!
!!

!
!

!

!

!!

!

!

!

!

!!!

!!
!!!!

!

!

!

!

!

!

!
!
!

! !

!

!

!

!
!

!

!

!

!

!

!

!!

!

!!

!!

!
!

!

!

!

!

!

!!

!

!

!

!
!!!

! !

!

!

!

!!!!

!

!

!

!

!

!!

!
!

!!

!

!
!

!

!

!!!!

!

!

!!!!

!!

!

!
!

! !

!
!

!
!

!

!
!!

!

! !

!!!!

!!

!

!

!

!
!

!

!

!

!

!!

!

!

!

!!
!!

!
!

!!!

!

!

!

!

!

!

!! !

!!

!

!

! ! !

!

!
!!

!

!
!

!

!

!

!!
!

!

!

!
!

!

!

!!

!

!

!

!

!

!
!

!

!
!

!

!

!

!
!

!

!!

!

!! !

!

! !

!

!

!

!

!

! !

!

!

!

!
!

!

!

!
!

!!
!

!

!

!

!

!

!

!!

!

!

!

!

!!!!

!!!!!

!!!!!

!

!

!!!!

!!

!

!

!

!!

!

!!

!!!

!

!

!

!

!

!

!

!

!

!

!!!!

!
!

!

!
!

!
!

!

!

!

! !

!

!

!

!

!
!

!

! ! !

! !

!

!
!
! !

!

!

!
!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

1ST

20TH

9TH

7T
H

EATON

8TH

OAK

HWY 32

ESPLANADE

5TH

M
U

IR

B
R

U
C

E

LASSEN

PARK

3R
D

FAIR

EAST
SKYW

AY

BELL

FO
R

E
S

T

HUMBOLDT

IVY
C

ER
ES

C
O

H
A

S
S

E
T

11TH

CHICO RIVER

12TH

BAY

SALEM

NORD

FLO
R

AL

D
AY

TO
N

SACRAMENTO

PALM

N
O

R
TH

GUYNN

H
IC

K
S

M
IDW

AY

HEGAN

HENSHAW

SOUTHPARK

KENNEDY

BIDWELL

FILB
ERT

R
O

S
E

RODEO

ENTLER

OAK PARK

W
H

IT
E

PO
TT

E
R

2ND

WILDWOOD

MANZANITA

O
LEANDER

LUPIN

W
HITM

AN
16

TH

DOE MILL

4TH

19
TH

6TH

LI
BE

R
TY

C

MCINTOSH

UPPER PARK

BURNAP

C
E

A
N

O
TH

U
S

MOREHEAD

CENTENNIAL

10TH

CANYON OAKS

LO
N

E 
P

I N
E MARIAN

STILSON CANYON

R
EA

VI
S

STANLEY

CHICO

C
R

O
U

C
H

LINDO

PICHOLINE

NEAL DOW

GRAPE

CHICO CANYON

M
IL

LE
R 22

ND

B

ES
TE

S

C
R

A
M

ER

FIR
SANTA CLARA

ELM

SHERM
AN

D
G

U
ILLG

L E
N

W
O

O
D

TA
FF

EE

HONEY RUN

RIO LINDO

POPPY

LO
N

G
E

S
T

SPEEDWAY

VI
S

P
E

R
A

SHARI

PI
LL

SB
U

R
Y

HUSS

LAZY S

WEYMOUTH

21
ST

KONA

OCEAN

C
AT

H
E

R
IN

E

KERI

MEYERS

DOWNING

OTTERSON

ORCHARD

TULIPVAIL

SYCAMORE

RALEY

CARMACK

SEGA

BANEY

DALE

FA
NN

IE

CAMAS

D
IA

M
O

N
D

ALLEY

PA
R

M
AC

TAIG
E

LINCOLN

ELLENE

TODD

WEBB

EARL

STEWART

MYRTLE

LORINDA

BR
ID

LE

SARAH

CESSN
A

W
ARNER

ZA
N

E
LL

A

VIENTO

KIRK

TONEA

COYOTE

M
AR

M
O

R
E

ALBION

WENDY

K. V.

RUSTY

LINDO

CATHERINE

8TH

EAST

2N
D

10TH

1S
T

CH
IC

O
 C

AN
YO

N

FILBERT

NORD

LINDO

LI
ND

O 4TH

LINDO

HWY 32

WHITE

9TH

20
TH

11
TH

5TH

EATON

1ST

7TH

3RD

SKYW
AY

IVY

2ND

NORD

BR
UC

E

FIGURE 8-4

California Water Service Company
Chico-Hamilton District Water

Supply and Facilities Master Plan
PRESSURE ZONE 350

PEAK HOUR ANALYSIS

0 0.5 10.25

Scale in Miles

! Pressure < 40 psi
! 40 ≤ Pressure < 50 psi
! 50 ≤ Pressure < 60 psi

! 60 ≤ Pressure < 70 psi
! Pressure ≥ 70 psi

HL/1000 < 10 ft/kft

HL/1000 ≥10 ft/kft

Street

o:
\c

\4
36

\0
2-

06
-0

3\
G

IS
\W

M
P\

C
h8

\F
ig

ur
e 

8-
4_

Ex
is

tin
gP

H
_P

Z3
50

.m
xd

   
   

NOTES:

LEGEND:

99

Public Version



! (

! (

! ( ! (

! (! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (! (

! (

! (

G! .

G! .

G! .

G! .

G! .

9T
H

PINE

CYPRESS

POPLAR

EASTW
OOD

HU
M

BO
LD

T

O
\C

\4
36

\0
20

60
3\

G
IS

\W
M

P 
Fi

gu
re

s\
C

ha
pt

er
 8

\F
ig

ur
e 

8-
5_

P
Z3

50
 F

F 
R

ec
.m

xd

FI
G

U
R

E 
8-

5

PR
ES

SU
R

E 
ZO

N
E 

35
0

FI
R

E 
FL

O
W

 R
EC

O
M

M
EN

D
AT

IO
N

C
al

ifo
rn

ia
 W

at
er

 S
er

vi
ce

 C
om

pa
ny

 
C

hi
co

-H
am

ilt
on

 D
is

tr
ic

t W
at

er
Su

pp
ly

 a
nd

 F
ac

ili
tie

s 
M

as
te

r P
la

n

LE
G

E
N

D
:

G! .
H

yd
ra

nt

E
xi

st
in

g 
P

ip
el

in
e

P
ro

po
se

d 
P

ip
el

in
e

In
cr

ea
se

d 
P

ip
el

in
e 

D
ia

m
et

er

S
tre

et
0

80
16

0
40

Sc
al

e 
in

 F
ee

t

Lo
ca

tio
n 

of
 F

ai
le

d
Si

m
ul

at
ed

 F
ire

 F
lo

w

8"

8"
 (2

")
8"

 (2
")

  R
ec

om
m

en
de

d 
(E

xi
st

in
g)

 D
ia

m
et

er
s

Public Version



!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!
! !!

!

!

!!

!!

!

!

!

!!

!

!

!
!

! !

!

!

!

!
!

!

!

!

!

!!
!!

!!

!!

!!

!!

!!

!!

!!

!

!
!

!!

!
!

!

!!

!

!
!

!

!

!!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!
!

!

!

!!

!

!

!

!
!

!

!!

!

!

!!

!

!

!!
!
!
!

!

!

!

!

! !!

!

!

!

!

!

!

!

!

!

!!
!

!!!

!

!

!

!

!

!

!

!

!

!

!!!!!

!

!!!

!!

!

!

!

!

!
!

!

C
O

H
A

S
S

E
TRYAN

INVADER

VI
S

P
E

R
A

O
A

S
IS

PIPER

BOEING

AIRPARK

M
A

R
A

U
D

E
R

CONVAIR

FORTRESS DIESEL

VIENTO

LOCKHEED

GRUMMAN

LIBERATOR

FAIRCHILD

PLUMMERS

HILLER

NORTHRUP

ALLEY

AIRPORT SERVICE

THUNDERBOLT

M
ARAUDERFORTRESS

PIPER
ALLEY

California Water Service Company
Chico-Hamilton District Water

Supply and Facilities Master Plan
PRESSURE ZONE 400

PEAK HOUR ANALYSIS

0 0.09 0.180.045

Scale in Miles

! Pressure < 40 psi
! 40 ≤ Pressure < 50 psi
! 50 ≤ Pressure < 60 psi
! 60 ≤ Pressure < 70 psi
! Pressure ≥ 70 psi

HL/1000 < 10 ft/kft
HL/1000 ≥10 ft/kft
Street

o:
\c

\4
36

\0
2-

06
-0

3\
G

IS
\W

M
P\

C
h8

\F
ig

ur
e 

8-
6_

Ex
is

tin
gP

H
_P

Z4
00

.m
xd

   
   

FIGURE 8-6
LEGEND:

Public Version



!

!

!

! !

!
!

!!

!

!

!
!

!

!

!

!

!

!

!!

!!

!
!

!

!

!!!

!!

! !!
!!

!

!!

!

!

!

!

!

!!

!

!

!

!

!
!!

!

!

!

!

!!

!

!

!
!

!

!

!

!

!
!

!

!!

!

!

!

!!

! !

!

!

!
!

!

!

!

!

!

!

!

!

!

!
!!

!!!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!
!

!

!

!

!
!!

!

!

!

!

!!

!!

!

!!

!

!

!!

!

! !

!

!!

!!!!!

!
!
!

!

!

!! !

!

!

!

!

!

!

!

!
!!
!

!
!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!!

!

!

!!

!!

!
!

!

!

! !

!

!

!

!

!

!

!

!!

!

!

!!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!!
!

!

!

!

! !!

!

!

!

!
!

!

!!

!

!!

!

!

!
!
!

!
!

!! !
!!
!!

!

!
!

!

!

!

!
!

!
!

!

!!

!

!!

!

!

!

!

!

!

!!

!!
!

!

!

!

!

!

!

!
!

!
!

!

! !

! !

!

!

!
!

! !
!

!!

!

!!
!!

!!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!
!

!!

!

!

!

!

!

!
!

!!

!

!

!

!

!
!

!

!!

!

!

!
!
!!!

!

!!!!!

!
!

!

!

!!

!!

!

! !

!!

! !

!

! !

!

!

!

!!

!

!

!

!!

!

!

!

!

!!

!

!!

!

!

!

!

!

!

!

!

!
!

!
!

!

! !

!

!

!

!!

!

!!

!!

!!

!

!!

!

!

!

!

!!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!
!

!

! !

!

!
!!

!

!

!

! !

!

!!!
!

!

!

!

!

!!

!

!

!
!!

!

!

!

!

!

!

!
!

!
!

!

!

!!

!

!

!

!

!
!

!

!

!

!
!

!

!

!
!

!

!

!

!

!

!
!

!

!
!

!

!

!

!
! !

!
!

!!

!
!

!!

!
!!!!

!!

!

!!

!

!

!

!
!

!
! !

!
!

!!

!

!
!
!

! !

!

!

!

!

!!

!

!

!

!

!

!!

!

!! !

!

!

!

!

!!!!

!

!

!

!

!!

!!
!

!

!

!
!

!

!

!

!

!
!!!

!

!

!

!

!

!

!!

!!!

8TH

20TH

HWY 32
BR

U
C

E

HUMBOLDT

FO
R

E
S

T

EAST

HW
Y 99

SOUTHPARK

1S
T

WILDWOOD

MANZANITA

EATON

YO
SEM

ITE

FILB
ERT

C

C
E

A
N

O
TH

U
S

CENTENNIAL

DOE MILL

UPPER PARK

16TH

CANYON OAKS

PICHOLINE

STILSON CANYON9TH

C
A

C
TU

S

B

CHICO CANYON

FIR

10
TH

D

G
U

ILL

LAKEWEST

LARCH

KE
R

N

19TH
ELM

SHARI

LAZY S

KONA

WHITMAN

SHALLOW SPRINGS

MOSS

LUCY

BANEY

PO
TT

E
R

HUDSON

G
LE

N
N

IN
YO

EARL

N
O

Y
O

JUNIPER

JASPER

NO

LILAC

KIRK

BETSEY

OHIO

NO
TRE DAM

E

BE
D

FO
R

D

AMANDA

B
U

S
IN

E
SS

KERI

NICOLE

DELANEY

ARCH

ALBION

PIN
YON H

ILL
S

HOSTICK

W
ENDY

FENCED

BRYANT

SALE

MOUNTA
IN VIEW

PR
IVATE

BROOKWOOD

COOKS

ENGLAND

BURNEY

TILD
ENWHITEHALL

RUSTY

ST FRANCIS

NEW DAWN

CH
IC

O
 C

AN
YO

N

FILBERT

G
U

ILL

MANZANITA

N
O

TR
E

 D
A

M
E

California Water Service Company
Chico-Hamilton District Water

Supply and Facilities Master Plan
PRESSURE ZONE 475

PEAK HOUR ANALYSIS

0 0.2 0.40.1

Scale in Miles

! Pressure < 40 psi
! 40 ≤ Pressure < 50 psi
! 50 ≤ Pressure < 60 psi
! 60 ≤ Pressure < 70 psi
! Pressure ≥ 70 psi

HL/1000 < 10 ft/kft
HL/1000 ≥10 ft/kft
Street

o:
\c

\4
36

\0
2-

06
-0

3\
G

IS
\W

M
P\

C
h8

\F
ig

ur
e 

8-
7_

Ex
is

tin
gP

H
_P

Z4
75

.m
xd

   
   

FIGURE 8-7
LEGEND:

Public Version



!

!

!!

!!

!

!

! !

!

!
!

!

!

!

!

!!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!!

!

!

!
!

!
!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!!

!!

!

!

!

!

!

!

!!

!

!
!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!!

!

!

!

!

!!!!
!

!

!

!!!
!!

!

! !

!

!!
!

!

!

!

HWY 32

UPPER PARK

CHICO CANYON

CANYON OAKS

YO
SEM

ITE

SHADYBROOK
SHALLOW SPRINGS

PEN
IN

SU
LA

SHADOWTREE

SUMMIT RIDGE

D
O

G
 L

E
G

DELANEY

GOLF COURSE

FENCED

WOOD CREEK

LILY

KESTREL

SIEN RIDGE

FUTURE

WOODSTONE

BARKER

TITLEIST

SE
R

R
AN

O

LUCIANO

California Water Service Company
Chico-Hamilton District Water

Supply and Facilities Master Plan
PRESSURE ZONE 635

PEAK HOUR ANALYSIS

0 0.1 0.20.05

Scale in Miles

! Pressure < 40 psi
! 40 ≤ Pressure < 50 psi
! 50 ≤ Pressure < 60 psi
! 60 ≤ Pressure < 70 psi
! Pressure ≥ 70 psi

HL/1000 < 10 ft/kft
HL/1000 ≥10 ft/kft
Street

o:
\c

\4
36

\0
2-

06
-0

3\
G

IS
\W

M
P\

C
h8

\F
ig

ur
e 

8-
8_

Ex
is

tin
gP

H
_P

Z6
35

.m
xd

   
   

FIGURE 8-8
LEGEND:

Public Version



!

!

!

!

!

! !

!

!

!

!!

!

!

!

!

!

!

!

!

!

!!!

!

!

!
!

!

!

!
!

!

!

!

!

!!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!!
!

!

!

!

!
!

!

!

!

!!
!

!

!

!

!

!

!
!

!

!

!

!

!

!
!

!

!

!
!
!

!!! !

UPPER PARK

CHICO CANYON

SHADYBROOK

CANYON OAKS

SHALLOW SPRINGS

SHADOWTREE

SUMMIT RIDGE

W
HIS

PE
RIN

G W
IN

DS

LILY

WOOD CREEK

SIEN RIDGE

FUTURE

WOODSTONE

RIDGE HOLLOW

SU
M

M
ER

S
K

Y

California Water Service Company
Chico-Hamilton District Water

Supply and Facilities Master Plan
PRESSURE ZONE 795

PEAK HOUR ANALYSIS

0 0.08 0.160.04

Scale in Miles

! Pressure < 40 psi
! 40 ≤ Pressure < 50 psi
! 50 ≤ Pressure < 60 psi
! 60 ≤ Pressure < 70 psi
! Pressure ≥ 70 psi

HL/1000 < 10 ft/kft
HL/1000 ≥10 ft/kft
Street

o:
\c

\4
36

\0
2-

06
-0

3\
G

IS
\W

M
P\

C
h8

\F
ig

ur
e 

8-
9_

Ex
is

tin
gP

H
_P

Z7
95

.m
xd

   
   

FIGURE 8-9
LEGEND:

Public Version



!
!

!!

!

!!

!

!

!!
!

! !

!
!

!

!
!

!!

!

!

!!

!!

!!

!

!

!

!

!

!
!

!

!

!
!

!
!

!

!

!

!

!

!!

!

!

!

!

!
!

!
!

!

!
!

!
!

!

!

!

!
!

!

!!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!!

!!!

!!

!

!
!

!
!

!

!
!!

!

!

!

!
!

!!!

!!

!

!
!!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!!

!
!

!

!

!

!

!!
!

!!!

!
!

!

!
!

!

!
!

!
!

!

!
!

!
!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

1st

6th

4th

5th

3rd

2nd

M
ain

W
alsh

C
anal

Sierra

C
apay

Shasta

Broadw
ay

Sacram
ento

R
oad 206

Los R
obles

Fifth

Park

State Hwy 32

Fourth

State H
w

y 45

Edgewater

R
oad 203

East

Esperanza

Road 16

Pebble Beach

Broadw
ay

Los R
obles

California Water Service Company
Chico-Hamilton District Water

Supply and Facilities Master Plan
HAMILTON CITY

PEAK HOUR ANALYSIS

0 0.06 0.120.03

Scale in Miles

! Pressure < 40 psi
! 40 ≤ Pressure < 50 psi
! 50 ≤ Pressure < 60 psi
! 60 ≤ Pressure < 70 psi
! Pressure ≥ 70 psi

HL/1000 < 10 ft/kft
HL/1000 ≥10 ft/kft
Street

o:
\c

\4
36

\0
2-

06
-0

3\
G

IS
\W

M
P\

C
h8

\F
ig

ur
e 

8-
10

_E
xi

st
in

gP
H

_P
ZH

C
.m

xd
   

   

FIGURE 8-10
LEGEND:

Public Version



! ( ! (

! (! (

! (

! (! (

! (

! (

! (
! (! (

! (
! (

! (! (

! (! (

! ( ! (

! ( ! (

! ( ! (

! (

! (

! (

! (

! (

! ( ! (

! (

! (

! (! (

! (! (

! (

! (

! (

! (

! (

! (
! (

! (

! (

! (! (

! ( ! (

! (! ( ! (

! ( ! (

! (

! (

! (

! (

! (

! (

! (! (

! (

! (

! (
! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! ( ! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! ( ! (

! (

! (

! (

! (

! (

! (

! (
! (

! (

! (

! (

! (

! (

! (

! (

! (

! (
! (

! (

! (

! (

! ( ! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! ( ! (

! ( ! (

! (
! (
! (

! (
! (

! (

! (! (

! (

! (

! (! (
! ( ! (

! (

! (

! (

! (

! (

! (
! ( ! (

! (

! ( ! (
! (

! (

! (

! (

! (

! (

! (
! (

! (

! (

! (! (

! (

! (

! (

! (

! (
! (

! (
! (

! (

! (

! (

! (
! (! (

! (
! (! (

! ( ! (

! (

! (! (

! (

! ( ! (

! ( ! (

! (

! (
! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (! (! (

! (
! (! ( ! (! (! (
! (
! (! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .G! .

G! .

G! .
G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .
G! .

G! .

G! .

G! . G! .

G! .

G! .

4t
h

5t
h

3r
d

2n
d

1s
t

Main

6t
h

Walsh

Canal

Sierra

Capay

Shasta

Broadway

Sacramento

Los Robles

Pa
rk

Fo
ur

th

Fi
fth

Road 203

Ed
ge

w
at

er

East

Road 206

S
ta

te
 H

w
y 

32

Es
pe

ra
nz

a

Broadway

Los Robles

O
\C

\4
36

\0
20

60
3\

G
IS

\W
M

P 
Fi

gu
re

s\
C

ha
pt

er
 8

\F
ig

ur
e 

8-
11

_H
C

 F
F 

R
ec

 #
1.

m
xd

FI
G

U
R

E 
8-

11

H
A

M
IL

TO
N

 C
IT

Y
FI

R
E 

FL
O

W
 R

EC
O

M
M

EN
D

AT
IO

N
 #

1

C
al

ifo
rn

ia
 W

at
er

 S
er

vi
ce

 C
om

pa
ny

 
C

hi
co

-H
am

ilt
on

 D
is

tr
ic

t W
at

er
Su

pp
ly

 a
nd

 F
ac

ili
tie

s 
M

as
te

r P
la

n

LE
G

E
N

D
:

G! .
H

yd
ra

nt

E
xi

st
in

g 
P

ip
el

in
e

In
cr

ea
se

d 
P

ip
el

in
e 

D
ia

m
et

er

P
ro

po
se

d 
P

ip
el

in
e

S
tre

et
0

35
0

70
0

17
5

Sc
al

e 
in

 F
ee

t

Lo
ca

tio
ns

 o
f F

ai
le

d
S

im
ul

at
ed

 F
ire

 F
lo

w
s

12"

8"
 (6

")

12
" 

(6
")

8"
 (6

")

12
" 

(6
")

8"
 (2

")
  R

ec
om

m
en

de
d 

(E
xi

st
in

g)
 D

ia
m

et
er

s

Public Version



! (
! (

! (! (

! (
! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (
! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

G! .

2n
d

1s
t

3r
d

Canal

Capay

Main

Los Robles

Broadway

R
oa

d 
16

O
\C

\4
36

\0
20

60
3\

G
IS

\W
M

P 
Fi

gu
re

s\
C

ha
pt

er
 8

\F
ig

ur
e 

8-
12

_H
C

 F
F 

R
ec

 #
2.

m
xd

FI
G

U
R

E 
8-

12

H
A

M
IL

TO
N

 C
IT

Y
FI

R
E 

FL
O

W
 R

EC
O

M
M

EN
D

AT
IO

N
 #

2

C
al

ifo
rn

ia
 W

at
er

 S
er

vi
ce

 C
om

pa
ny

 
C

hi
co

-H
am

ilt
on

 D
is

tr
ic

t W
at

er
Su

pp
ly

 a
nd

 F
ac

ili
tie

s 
M

as
te

r P
la

n

LE
G

E
N

D
:

G! .
H

yd
ra

nt

E
xi

st
in

g 
P

ip
el

in
e

In
cr

ea
se

d 
P

ip
el

in
e 

D
ia

m
et

er

P
ro

po
se

d 
P

ip
el

in
e

S
tre

et
0

15
0

30
0

75

Sc
al

e 
in

 F
ee

t

Lo
ca

tio
n 

of
 F

ai
le

d
S

im
ul

at
ed

 F
ire

 F
lo

w

8"
 (6

")

12
"

8"
 (2

")
  R

ec
om

m
en

de
d 

(E
xi

st
in

g)
 D

ia
m

et
er

s

Public Version



! ( ! (

! (
! (

! ( ! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (
! (

! (

! (

! (

! (

! (

! (

! (
! (

! (

! ( ! (

! (

! (

! (
! (

! (

! (

! (

! (

! (
! (

! (

! (

! (
! (

! (

! (

! (

! (

! (

! (

! (

! (

! ( ! (

! (
! (

! (

! (

! (

G! .

G! .

G! .

G! .

G! .

G

G! .

G! .

G! .
5t

h

6t
h

Walsh

Sierra

Main

Shasta

4t
h

Sacramento

Broadway

Fi
fth

O
\C

\4
36

\0
20

60
3\

G
IS

\W
M

P 
Fi

gu
re

s\
C

ha
pt

er
 8

\F
ig

ur
e 

8-
13

_H
C

 F
F 

R
ec

 #
3.

m
xd

FI
G

U
R

E 
8-

13

H
A

M
IL

TO
N

 C
IT

Y
FI

R
E 

FL
O

W
 R

EC
O

M
M

EN
D

AT
IO

N
 #

3

C
al

ifo
rn

ia
 W

at
er

 S
er

vi
ce

 C
om

pa
ny

 
C

hi
co

-H
am

ilt
on

 D
is

tr
ic

t W
at

er
 

Su
pp

ly
 a

nd
 F

ac
ili

tie
s 

M
as

te
r P

la
n

LE
G

E
N

D
:

G! .
H

yd
ra

nt

E
xi

st
in

g 
P

ip
el

in
e

P
ro

po
se

d 
P

ip
el

in
e

S
tre

et
0

15
0

30
0

75

Sc
al

e 
in

 F
ee

t

Lo
ca

tio
n 

of
 F

ai
le

d
Si

m
ul

at
ed

 F
ire

 F
lo

w

8"

8"
 (2

")
  R

ec
om

m
en

de
d 

(E
xi

st
in

g)
 D

ia
m

et
er

s

Public Version



! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

! (

G! .

G! .

G! .

G! .

2n
d

Sierra

Sacramento

Es
pe

ra
nz

a

O
\C

\4
36

\0
20

60
3\

G
IS

\W
M

P 
Fi

gu
re

s\
C

ha
pt

er
 8

\F
ig

ur
e 

8-
14

_H
C

 F
F 

R
ec

 #
4.

m
xd

FI
G

U
R

E 
8-

14

H
A

M
IL

TO
N

 C
IT

Y
FI

R
E 

FL
O

W
 R

EC
O

M
M

EN
D

AT
IO

N
 #

4

C
al

ifo
rn

ia
 W

at
er

 S
er

vi
ce

 C
om

pa
ny

 
C

hi
co

-H
am

ilt
on

 D
is

tr
ic

t W
at

er
Su

pp
ly

 a
nd

 F
ac

ili
tie

s 
M

as
te

r P
la

n

LE
G

E
N

D
:

G! .
H

yd
ra

nt

E
xi

st
in

g 
P

ip
el

in
e

P
ro

po
se

d 
P

ip
el

in
e

S
tre

et
0

70
14

0
35

Sc
al

e 
in

 F
ee

t

Lo
ca

tio
n 

of
 F

ai
le

d
Si

m
ul

at
ed

 F
ire

 F
lo

w
8"

8"
 (2

")
  R

ec
om

m
en

de
d 

(E
xi

st
in

g)
 D

ia
m

et
er

s

Public Version



! ( ! (

! (

! (

! (

! (

! (

! (

! (
! (

! (

! (

! (

! (

! (

! (

! (

G! .

G! .

G! .

G! .
4t

h

Main

Broadway

Walsh

Los Robles

3r
d

Broadway

O
\C

\4
36

\0
20

60
3\

G
IS

\W
M

P 
Fi

gu
re

s\
C

ha
pt

er
 8

\F
ig

ur
e 

8-
15

_H
C

 F
F 

R
ec

 #
5.

m
xd

FI
G

U
R

E 
8-

15

H
A

M
IL

TO
N

 C
IT

Y
FI

R
E 

FL
O

W
 R

EC
O

M
M

EN
D

AT
IO

N
 #

5

C
al

ifo
rn

ia
 W

at
er

 S
er

vi
ce

 C
om

pa
ny

 
C

hi
co

-H
am

ilt
on

 D
is

tr
ic

t W
at

er
Su

pp
ly

 a
nd

 F
ac

ili
tie

s 
M

as
te

r P
la

n

LE
G

E
N

D
:

G! .
H

yd
ra

nt

E
xi

st
in

g 
P

ip
el

in
e

P
ro

po
se

d 
P

ip
el

in
e

P
ro

po
se

d 
P

ip
el

in
e 

fro
m

 R
ec

om
m

en
da

tio
n 

#1

S
tre

et
0

90
18

0
45

Sc
al

e 
in

 F
ee

t

Lo
ca

tio
n 

of
 F

ai
le

d
Si

m
ul

at
ed

 F
ire

 F
lo

w
8"

8"
 (2

")
  R

ec
om

m
en

de
d 

(E
xi

st
in

g)
 D

ia
m

et
er

s

Public Version



’

’

’

’

’

’

!!8

!!8

!!8

1ST
OAK

BELL

M
E

R
ID

IA
N 20TH

NORD

9TH
7TH

EATON

8TH

HWY 32

ESPLANADE

H
IC

K
S

C
O

H
A

SS
E

T

5TH

M
U

IR

BR
U

C
E

LASSEN

PARK

3RD

FAIR

SACRAMENTO

HUMBOLDT

EAST

FO
R

ES
T

GRAPE

CHICO RIVER

IVY

11TH

12TH

BAY

G
A

R
N

ER

ANITA

KENNEDY

FLO
RAL

D
AY

TO
N

PALM

N
O

R
TH

GUYNN

SKYW
AY

M
IDW

AY

HEGAN

HENSHAW

SOUTHPARK

DOE MILL
BIDWELL

UPPER PARK

R
O

SE

RODEO

ENTLER

OAK PARK

WHITE

O
A

S
IS

WILSON LANDING

PO
TT

E
R

2ND

WILDWOOD

MANZANITA

RYAN

LUPIN

W
H

IT
M

A
N

RIVER

16
TH

4TH

6TH

LI
BE

RT
Y

C

MCINTOSH

STILSON CANYON

C
E

AN
O

TH
U

S

MOREHEAD

CENTENNIAL

CHICO CANYON

SE
TH

VI
S

P
E

R
A

HONEY RUN

CHICO

10TH

LO
N

E
 P

I N
E

CANYON OAKS

MARIAN

R
EA

VI
S

C
R

O
U

C
H

STANLEY

D
A

IR
Y

KATHY

LINDO

PICHOLINE

DUSTY

M
IL

LE
R 22

ND

B

ES
TE

S

C
R

A
M

E
R

H
O

SL
E

R

KIWI

FIR

SANTA CLARA

TA
FF

EE

KEITH

ANGELENA

ELM

SHERM
AN

PIPER

D
G

U
ILL

WELDING

POPPY

LO
N

G
E

S
T

OCEAN

KE
LS

E
Y

SPEEDWAY

OUR

SPYGLASS

STABLE

SHARI

PI
LL

SB
U

R
Y

HUSS

LAZY S

21
ST

KONA

C
AT

H
ER

IN
E

KERI

MEYERS

O
R

C
H

A
R

D
 B

LO
S

SO
M

OTTERSON

ORCHARD

VAIL

SYCAMORE

GARDEN BROOK

OAK RANCH

RALEY

COYOTE

RANCHO

SEGA

DALE

WHISPERING WINDS
FA

NN
IE

CAMAS

AIRPORT SERVICE

D
IA

M
O

N
D

ALLE
Y

PA
R

M
AC

TAIG
E

LIM
O

U
S

IN

M
A

R
A

U
D

E
R

LINCOLN

ELLENE

TODD

WEBB

EARL

MYRTLE

KITTYHAWK

DIESEL

LORINDA

BR
ID

LE

SARAH

TOKAY RANCH

C
ESSNA

W
ARNER

K. V.

M
AR

M
O

R
E

ALBION

RUSTY

TRANSIT

IVY

LI
ND

O

BR
UCE

LINDO
LINDO

7TH

4TH

NORD

LINDO

EATON

HWY 32

1ST

SKYW
AY

9TH

1S
T

NORD

2ND

EAST

CH
IC

O
 C

AN
YO

N

8TH

CIP66 (Station 66)

CIP81

CIP80CIP78

CIP79

CIP102 (Station 66)

CIP108 (Station 75)

CIP108 (Station 71)

CIP108 (Station 57)

FIGURE 8-16

California Water Service Company
Chico - Hamilton City District Water
Supply and Facilities Master Plan

RECOMMENDED
EXISTING IMPROVEMENTS

0 0.3 0.60.15

Scale in Miles

!!8 Required Auxiliary Power

’ Recommended Pumped Storage

’ Upgrade Booster Pump Station

Recommended New Pipelines

Street

Existing Pipes

Recommended Pipeline Replacements

’

1st

6th

5th

3rd

2nd

4th

M
ain

W
alsh

C
anal

Sierra

C
apay

Shasta

Road 16

Broadw
ay

Road 203

Sacram
ento

State Hwy 32

R
oad 206

Los R
obles

Fifth

Park
Fourth

State H
w

y 45

Edgewater

East

Esperanza

Pebble Beach

R
oad 203

State Hwy 32

Broadw
ay

Los R
obles

CIP A

o:
\c

\4
36

\0
2-

06
-0

3\
G

IS
\W

M
P\

C
h1

0\
Fi

gu
re

 8
-1

6_
C

W
S

C
IP

.m
xd

   
  

HAMILTON CITY

NOTES:

LEGEND:

0 0.2 0.40.1

Scale in Miles

71

CIP108

9T
H

PINE

CYPRESS

POPLAR

HUMBOLDT

8T
H

EASTWOOD

ALDER

OLIVE

Public Version



California Water Service Company
Chico-Hamilton City District

Water Supply & Facilities Master Plan
May 2008

Chapter 9:  Evaluation of Future Potable
Water System

Chapter Highlights:
This chapter summarizes an evaluation of the Chico-Hamilton City District’s water system and identifies the 
improvements to existing water system infrastructure that will be required to support the water demands generated by 
the buildout of the existing water system (see Figure 9-1). The evaluation includes an analysis of water storage 
capacity, pumping capacity, and the existing distribution system’s ability to meet recommended operational and design 
criteria under future maximum day demand plus fire flow and peak hour demand conditions.

The buildout system analysis was conducted by WYA using a model developed after the existing system deficiencies 
were identified (see Chapter 8) and improvements needed to eliminate these deficiencies were incorporated into the 
model.

The evaluations, findings, and recommendations for addressing the identified water system deficiencies at buildout are 
organized by pressure zone. A description of the recommended CIP to implement the recommended improvements, 
including an estimate of probable construction costs, is provided in Chapter 10.
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Evaluation Results
Summary of Recommended Improvements for Buildout of the Water System

Summary of Future Water System Recommendations:
Pressure Zone

Create new Pressure Zone 570 located south of Southgate.
Pipelines

Install ~3,545 ft of new 12-inch diameter pipeline in Pressure Zone 350.
Upsize 8-inch diameter pipeline to 12-inch diameter pipeline (~454 ft) in Pressure Zone 350.
Upsize 6-inch diameter pipeline to an 8-inch diameter pipeline (~289 ft) in Pressure Zone 400.

Pump Stations
17 new groundwater wells (nine in Pressure Zone 350 and eight in Pressure Zone 570).
Two new 8.0 mgd pump stations in Pressure Zone 350.
Upsize the Pressure Zone 400 pump station recommended in Chapter 8 located at Station 44 from
6.84 mgd to 7.53 mgd
Two new 7.5 mgd pump stations in Pressure Zone 570.
A new 3.17 mgd pump station in Pressure Zone 635.

Storage Facilities
An additional 9 MG of storage in Pressure Zone 350.
Upsize the Pressure Zone 400 storage tank recommended in Chapter 8 located at Station 44 from
1.0 MG to 1.2 MG.
A new 2.1 MG storage tank in Pressure Zone 475.
Two new 2.5 MG storage tanks in Pressure Zone 570.
A new 1.2 MG storage tank in Pressure Zone 635.
A new 1.3 MG storage tank in Pressure Zone 795.
Upsize the Hamilton City storage tank recommended in Chapter 8 from 1.0 MG to 1.1 MG.

Miscellaneous Improvements
Three new pressure reducing valves and one isolation valve in Pressure Zone 570.
Altitude valves should be installed at all new storage tanks.

Summary of Future Water System Recommendations:
Pressure Zone

Create new Pressure Zone 570 located south of Southgate.
Pipelines

Install ~3,545 ft of new 12-inch diameter pipeline in Pressure Zone 350.
Upsize 8-inch diameter pipeline to 12-inch diameter pipeline (~454 ft) in Pressure Zone 350.
Upsize 6-inch diameter pipeline to an 8-inch diameter pipeline (~289 ft) in Pressure Zone 400.

Pump Stations
17 new groundwater wells (nine in Pressure Zone 350 and eight in Pressure Zone 570).
Two new 8.0 mgd pump stations in Pressure Zone 350.
Upsize the Pressure Zone 400 pump station recommended in Chapter 8 located at Station 44 from
6.84 mgd to 7.53 mgd
Two new 7.5 mgd pump stations in Pressure Zone 570.
A new 3.17 mgd pump station in Pressure Zone 635.

Storage Facilities
An additional 9 MG of storage in Pressure Zone 350.
Upsize the Pressure Zone 400 storage tank recommended in Chapter 8 located at Station 44 from
1.0 MG to 1.2 MG.
A new 2.1 MG storage tank in Pressure Zone 475.
Two new 2.5 MG storage tanks in Pressure Zone 570.
A new 1.2 MG storage tank in Pressure Zone 635.
A new 1.3 MG storage tank in Pressure Zone 795.
Upsize the Hamilton City storage tank recommended in Chapter 8 from 1.0 MG to 1.1 MG.

Miscellaneous Improvements
Three new pressure reducing valves and one isolation valve in Pressure Zone 570.
Altitude valves should be installed at all new storage tanks.
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CHAPTER 9. EVALUATION OF 
FUTURE WATER SYSTEM 

This chapter summarizes an evaluation of the Chico-Hamilton City District’s water system and 
identifies the improvements to existing water system infrastructure that will be required to 
support the water demands generated by the buildout of the existing water system (see 
Figure 9-1). The evaluation includes an analysis of water storage capacity, pumping capacity, 
and the existing distribution system’s ability to meet recommended operational and design 
criteria under future maximum day demand plus fire flow and peak hour demand conditions. 

The buildout system analysis was conducted by WYA using a model developed after the existing 
system deficiencies were identified (see Chapter 8) and improvements needed to eliminate these 
deficiencies were incorporated into the model. 

The evaluations, findings, and recommendations for addressing the identified water system 
deficiencies at buildout are organized by pressure zone. A description of the recommended CIP 
to implement the recommended improvements, including an estimate of probable construction 
costs, is provided in Chapter 10. 

BUILDOUT WATER DEMANDS 

The potable water demands at buildout for the Chico-Hamilton City District were estimated 
based on the projected buildout land use information (see Figure 9-2) provided by the City of 
Chico and Glenn County, and estimated water duties as described in Chapter 3. These projected 
demands were entered into the model using H2OMAP Demand Allocation/Pro™. Table 9-1 
summarizes the buildout demands for each of the Chico-Hamilton City District’s pressure zones. 
A new pressure zone, Pressure Zone 570, has been added to the buildout system to serve a new 
area located south of Southgate. The hydraulic grade line of this new service area ranges from 
280 to 540 feet.  
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Table 9-1. Buildout Potable Demands for the Chico-Hamilton City District(a) 

Pressure Zone 
Average Day 

Demand(a), gpm 
Maximum Day 
Demand(b), gpm 

Peak Hour 
Demand(c), gpm 

Chico    
350 23,287 46,574 69,861 
400 309 618 927 
475 2,968 5,936 8,904 
570(d) 5,402 10,804 16,206 
635 694 1,388 2,082 
795 486 972 1,458 
Chico Total 33,146 66,292 99,438 

Hamilton City    

Hamilton 458 917 1,375 
Hamilton Total 458 917 1,375 

District Total 33,604 67,209 100,813 
(a) Based on projected demands in Chapter 3 (Table 3-13). 
(b) Maximum day demand is 2.0 times the average day demand.  
(c) Peak hour demand is 3.0 times the average day demand. 
(d) Pressure zone serves new area located southwest of Southgate. 

BUILDOUT SYSTEM EVALUATION METHODOLOGY 

Water Storage Capacity Evaluation 

Storage facilities were evaluated to determine whether they have sufficient capacity to provide 
total future required operational, fire flow and emergency storage using the District’s current 
design criteria. The volumes required for each of these three storage components are detailed 
below: 

• Operational Storage:  25 percent of maximum day demand (equivalent to fifty percent 
of average day demand); 

• Emergency Storage:  50 percent of maximum day demand (equivalent to one average 
day demand); and 

• Fire Flow Storage:  The required fire flow times the fire flow duration period, as 
required by the Chico-Hamilton City Fire Department. The highest Chico-Hamilton 
City District fire flow of 4,000 gpm for a duration of 4 hours was assumed for this 
analysis. 

Because of the District’s available wells, groundwater storage can account for a portion of the 
required water storage. The emergency storage credit reflects only that groundwater supply 
which can be reliably accessed when needed (i.e., only wells equipped with auxiliary power). 
The operational storage credit assumes that 50 percent of the firm groundwater supply (assumes 
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10 percent of the groundwater production capacity (for Pressure Zone 350 which has numerous 
wells) or the largest well (in the other pressure zones)) is out of service for maintenance or other 
water quality issues) in excess of what is required to meet maximum day demand, is available for 
operational use.  

The storage facilities were evaluated to determine whether they have sufficient capacity to 
provide the required future operational, fire flow, and emergency storage. The Chico-Hamilton 
District currently has 2.4 MG of storage. As discussed in Chapter 8, as a result of the existing 
system evaluation, an additional 7.7 MG of storage was recommended as follows: 

• An additional 5.7 MG of storage (in four separate storage tanks, one 2.7 MG tank and 
three 1.0 MG tanks) in Pressure Zone 350 to alleviate operational and fire flow 
storage deficiencies,  

• An additional 1.0 MG of storage in Pressure Zone 400 to alleviate fire flow storage 
deficiencies, and 

• An additional 1.0 MG of storage in Hamilton City to alleviate fire flow storage 
requirements. 

As shown in Table 9-2, the exiting and planned storage facilities were evaluated to determine 
whether they have sufficient capacity to provide the required operational, fire flow, and 
emergency storage for buildout. 

Pumping Capacity Evaluation 

The Chico-Hamilton City District’s pumping capacity has been evaluated to assess its ability to 
deliver a firm, reliable capacity to the buildout service area. At each of BPSs, the firm booster 
pumping capacity is defined as the total pump station installed capacity with the largest pump 
out of service. To ensure pumping capacity reliability, each BPS should have at least two pumps, 
a lead pump and a standby pump, to use in the event of a mechanical failure. All of Chico-
Hamilton City District's booster pump stations meet this criterion. The firm groundwater 
pumping capacity is defined as 90 percent of total groundwater pumping capacity (assumes 10 
percent of total groundwater pumping capacity is not available due to maintenance requirements 
or other issues, e.g. water quality) for Pressure Zone 350 which has numerous wells. For the 
other pressure zones which have fewer wells, the firm groundwater pumping capacity is defined 
as the groundwater pumping capacity assuming the largest well is not available due to 
maintenance requirements or other issues, e.g., water quality. 

The pumping capacity criterion for the water system requires that there be sufficient total 
pumping capacity to meet maximum day plus fire flow demand or peak hour demand, whichever 
is greater, within each pressure zone, or any pressure zone located above that pressure zone 
which the pump station is serving. Details of the capacity of each pump are provided in 
Table 9-3. In addition, all critical pumping facilities should be equipped with an on-site, standby 
power generator. Critical pumping facilities are defined as those facilities that provide service to 
pressure zones and/or service areas without sufficient emergency storage and that meet the 
following criteria: 
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• The largest facility that provides water to a particular pressure zone and/or service 
area; 

• A facility that provides the sole source of water to single or multiple pressure zones 
and/or service areas; and 

• A facility that provides water from key groundwater supply wells (depends on 
capacity, quality, and location) into a pressure zone and/or service area. 

Water Distribution System Analysis 

Steady state hydraulic analyses using the updated model were conducted to identify areas of the 
water system at buildout that do not meet the recommended system performance criteria. The 
results of the evaluation of the water distribution system are presented below for the following 
buildout demand scenarios: 

• Peak Hour Demand—peak hour demands are met by either the combined flows from 
supply sources and storage reservoirs, or from the pump stations and storage 
reservoirs. A peak hour flow condition was simulated for the buildout distribution 
facilities to evaluate their capability to meet this peak hour demand condition. 

• Maximum Day Demand plus Fire Flow—to evaluate the system under the maximum 
day demand plus fire flow condition, a two-step analysis was performed. The first 
step used the H2OMAP “Available Fire Flow Analysis” option to determine if the 
minimum pressure and required fire flow could be met with the existing domestic 
water facilities. Fire flow demands were assigned and simulated at selected nodes. 
These selected nodes were determined based on critical criteria including nodes 
located at high elevations, high demands, and/or in areas at the extremities of the 
existing pressure zone. If the analysis indicated that the system failed to meet the 
minimum requirements for pressure and flow, a second analysis was performed. The 
second analysis involved running the model with pipeline improvements/system 
modifications added to the distribution system to eliminate previously identified 
deficiencies. 

As shown in Table 9-1, the total Chico-Hamilton City District potable service area peak hour 
demand at buildout was calculated to be 100,813 gpm (145.2 mgd). This peak hour demand 
represents a peaking factor of 3.0 times the average day demand. During a peak hour condition, a 
minimum pressure of 40 psi must be maintained throughout the system. Maximum head loss per 
thousand feet of distribution main should not exceed 10 ft/kft and maximum velocities should 
not exceed 7 fps. 

The buildout peak hour demand condition was simulated in the model. Details of system 
pressures in each of the Chico-Hamilton City District's pressure zones under the buildout peak 
hour demand condition are discussed below. 
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Fire flow demands were simulated at various locations within the Chico-Hamilton City District’s 
service area to determine whether or not the minimum residual pressure criterion of 20 psi within 
the pressure zone could be met during a maximum day demand condition at buildout concurrent 
with a fire flow. Table 9-4 presents fire flow demand requirements based on land use categories; 
this data is also illustrated on Figure 9-3.  

Table 9-4. Chico-Hamilton City District Fire Flow Demand Requirements(a) 

Land Use Fire Flow, gpm Duration, hours 
Residential 1,500 2 
Multiple Residencies 2,500 2 
Commercial 3,000 3 
Industrial 4,000 4 
Government 4,000 4 

(a) Specific fire flows were determined from Table A-III-A-1 of the 2001 CFC, and depend on 
construction type and fire area. These fire flow requirements are based on buildings being fully 
sprinkled. 

Pipelines are typically designed to deliver peak hour flows and maximum day demands plus fire 
flows within acceptable pressure, velocity, and head loss ranges as stated in Chapter 5. System 
improvements needed to comply with operational and design criteria were added to the system 
and are also described below. 

EVALUATION RESULTS 

The following describes the evaluation of water storage capacity, pumping capacity, and water 
distribution system by individual pressure zone. 

Pressure Zone 350 

Water Storage Capacity 

Table 9-5 presents a summary of the operational, fire flow, and emergency storage requirements 
for Pressure Zone 350. 
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Table 9-5. Pressure Zone 350 Storage Requirements 

Storage Component Criteria 
Pressure Zone 350 

Storage Required, MG 
Operational 25% of max day demand 16.77 

Operational Storage Credit 50% of excess of groundwater supply(a) (0) 
 Operational Storage Required 16.77 

Fire Flow 4,000 gpm for 4 hours 0.96 

Emergency 50% of max day demand (100% of 
average day demand) 33.53 

Emergency Storage Credit 100% of wells with auxiliary power (24.39)(b) 
 Emergency Storage Required 9.14 

Total Storage Requirement 26.87 
 Existing Storage Available 0.85 

 Additional Storage Recommended for 
Existing System (see Chapter 8) 5.70 

Projected Storage Deficiency 20.32 
(a) Excess groundwater supply is defined as the difference between the firm groundwater pumping capacity and 

the maximum day demands. 
(b) Includes all stations with backup power, including Stations 54, 71, and 75 for which backup power 

was recommended as part of the existing system evaluation (see Chapter 8). 

As shown in Table 9-5, there is 20.32 MG storage deficiency in Pressure Zone 350. In order to 
minimize the amount of new storage facilities in Pressure Zone 350, it is recommended that nine 
new wells be constructed in Pressure Zone 350. These new wells, if they are equipped with 
backup power, would contribute to both the operational and emergency storage credits, in 
addition to providing additional pumping capacity in Pressure Zone 350 (see discussion below). 
It is recommended that each new well have a total capacity of 1,845 gpm (2.66 mgd). Together 
these nine new wells would provide an operational storage credit of 7.86 mgd and an additional 
emergency storage credit of 23.91 mgd. However, there would still be a storage deficiency of 
9.87 MG (operational storage deficiency = 16.77 MG – 7.86 MG; fire flow storage deficiency = 
0.96 MG). It is assumed that the fire flow storage requirement in Pressure Zone 350 can be met 
using storage from Pressure Zone 400. However, to alleviate the future operational storage 
deficiency (8.91 MG), it is recommended that an additional 1.0 MG of storage be added at each 
of the three 1.0 MG tank sites recommended in Chapter 8 and that two new 3.0 MG tanks be 
constructed in Pressure Zone 350. It is recommended that one of the new 3.0 MG storage tanks 
be located at a vacant parcel located southeast of the intersection of Forest Avenue and Baney 
Lane. The other new 3.0 MG storage tank should be located at Station 47 along Guynn Avenue 
between Mathews Drive and St. Clair Drive. Both new tanks will require booster pumps (8.0 
mgd; total capacity 5,560 gpm; firm capacity 4,170 gpm). 
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Pumping Capacity 

Table 9-6 provides a summary of the evaluation of the wells and pump stations serving Pressure 
Zone 350.  

Table 9-6. Summary of Pressure Zone 350 Pumping Capacity 

 Pressure Zone 350 

Wells and Pump Stations Serving Pressure Zone 1, 3, 5, 7, 8, 11, 12, 14, 
16, 17, 18, 19, 20, 21, 
22, 23, 24, 25, 26, 27, 
28, 29, 30, 31, 32, 34, 
35, 37, 38, 39, 41, 42, 
46, 47, 48, 49, 51, 52, 
53, 54, 56, 57, 59, 61, 
62, 63, 68, 69, 71, 75, 

CIP78, CIP79, 
CIP80, CIP81 

Firm groundwater pumping capacities, gpm(a) 42,544 
Firm booster pumping capacities, gpm(b) 10,800 
Average day demand in pressure zone, gpm 23,287 
Maximum day demand plus fire flow in pressure zone, gpm(c) 50,574 
Peak hour demand in pressure zone, gpm(d) 69,861 
Reliability: At least two pumps 
(1 duty pump and 1 standby pump) to use in the event of mechanical failure 

Yes(e) 

Backup power provided Yes(f) 
Adequate capacity during maximum day plus fire flow demand Yes 
Adequate capacity during peak hour demand  No 
Additional capacity required, gpm 13,577(g) 

(a) All well pumps have only one pump. The total groundwater pumping capacity assumes 10% of wells can be out 
service for maintenance or other issues (e.g., water quality). Therefore, the firm groundwater pumping capacity is 
42,544 gpm (90% of 47,271 gpm). 

(b) Includes the firm pumping capacity of booster pump facilities recommended as part of the existing system 
evaluation (See Chapter 8). 

(c) Maximum day demand equals 2.0 times average day demand. Fire flow demand is 4,000 gpm for 4 hours. 
(d) Peak hour demand equals 3.0 times average day demand.  
(e) All storage pump station will have a standby pump.  
(f) Assumes backup power provided at all new booster pump stations.  
(g) The hydraulic model indicates that approximately 182 gpm can be supplied from Station 1 tanks during a peak 

hour demand condition. There is also additional flow of 2,758 gpm which can be conveyed from Pressure Zone 
475 to Pressure Zone 350 through four Pressure Reducing Valves (PRV) which include two existing PRVs 
located at Manzanita and East Avenue and at Hooker Oak, and two new PRVs located at Bruce and Parkhurst 
and at Morrow and Skyway. Additional capacity required is Peak hour demand (69,861 gpm) – Firm 
groundwater pumping capacity (42,544 gpm) – Firm booster pumping capacity (10,800 gpm) – Station 1 tanks 
(182 gpm) – PZ475 (2,758 gpm) = 13,577 gpm.  
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As shown in Table 9-6, the pumping capacity of groundwater and booster pumps in Pressure 
Zone 350 is not adequate to meet the peak hour demand, even if an additional 2,758 gpm which 
can be conveyed from Pressure Zone 475 to Pressure Zone 350 through four existing PRVs is 
included to meet the Pressure Zone 350 peak hour demand. The additional pumping capacity 
required is 13,577 gpm (19.6 mgd). To meet this additional pumping requirement, it is 
recommended that nine new wells be constructed (as discussed above for the storage analysis), 
each with a total pumping capacity of 1,845 gpm. This would provide an additional firm 
pumping capacity of 14,944 gpm (21.5 mgd) (9 wells x 1,845 gpm x 90% firm capacity). Also, 
the recommended booster pumps at the new 3.0 MG storage tanks will also provide additional 
pumping capacity in Pressure Zone 350.  

Water Distribution System 

Peak Hour  

During a peak hour demand condition, results indicate that the buildout system in Pressure 
Zone 350 could adequately deliver peak hour demands under the Chico-Hamilton City District’s 
minimum pressure criteria of 40 psi (see Figure 9-4). Pressures ranged from 46 to 85 psi. 

As illustrated on Figure 9-4, overall velocities in the pipelines in Pressure Zone 350 meet the 
Chico-Hamilton City District’s maximum criteria of 7 fps. A few pipelines did not meet either of 
the maximum velocity and maximum head loss criteria of 10 ft/kft. The majority of those that 
failed to meet velocity and head loss criterion are located near the downstream side of supply 
facilities (i.e., Stations 1, 21, 31, 34, 35, 39, 49, 52, 59, and 69), and also located near pressure 
reducing stations at Ceanothus and Eaton, at East and Manzanita and at Hooker Oak. In addition, 
there are a few pipelines that failed to meet the velocity and head loss criterion pipelines because 
they are undersized, these pipelines include: 

• 6-inch diameter pipeline (approximately 210 feet) along Pomona Avenue, west of 
Elmer Street. Pipeline head losses range from 51 to 56 ft/kft, and velocities are within 
9 fps. 

• 2-inch diameter pipeline (approximately 5 feet) along 12th Street, east of Zuni 
Avenue. Pipeline head loss is above 100 ft/kft and velocity is approximately 10 fps.  

• 8-inch diameter pipeline (approximately 1,485 feet) along Manzanita Avenue, 
between Marigold Avenue and Cactus Avenue. Pipeline head losses range from 29 to 
39 ft/kft and velocities range from 9 to 10 fps. 

• 4-inch diameter pipeline (approximately 10 feet) on 11th Street near Broadway Street. 
Pipeline head loss is 87 ft/kft and velocity is 9 fps. 

• 4-inch diameter pipeline (approximately 47 feet) on Elm Street near 18th Street. 
Pipeline head loss is above 100 ft/kft and velocity is 11 fps. 

• 4-inch diameter pipeline (approximately 14 feet) on Arbutus Avenue near 5th Avenue. 
Pipeline head loss is above 100 ft/kft and velocity is 9 fps. 

• 8-inch diameter pipeline (approximately 92 feet) on 23rd Street near Elm Street. 
Pipeline head loss is 26 ft/kft and velocity is 8 fps. 
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• 4-inch diameter pipeline (approximately 27 feet) on Bartlett Street near 10th Street. 
Pipeline head losses range from 64 to 85 ft/kft and velocities range from 7 to 8 fps. 

• 8-inch diameter pipeline (approximately 499 feet) on Viceroy Drive near Shallowtail 
Way. Pipeline head losses range from 30 to 31 ft/kft and velocities are 9 fps. 

However, because pressures under peak hour demand conditions are above 40 psi, no 
improvements are recommended for the pipelines exceeding the velocity and head loss criteria,  

Maximum Day plus Fire Flow Demand 

The fire flow simulation results show that two future areas in Pressure Zone 350 cannot maintain 
minimum system pressure under the required fire flow. The areas where fire flow requirements 
could not be met are discussed below. 

A fire flow of 3,000 gpm was simulated on a node located east of Thorntree Drive. The future 
land use type for this area is commercial-preserve. Modeling results indicate the existing 8-inch 
diameter pipeline along Thorntree Drive, east of Contractors Drive, experienced high head loss 
in supplying the required fire flow to this area. The recommended improvement is shown on 
Figure 9-5, and includes replacement of the existing 8-inch diameter pipeline (approximately 454 
feet) along Thorntree Drive, west of Contractors Drive, with a 12-inch diameter pipeline. 

A fire flow of 1,500 gpm was simulated on a node located on Old Chico Way. Modeling results 
indicate the system could not provide the required 20 psi minimum residual pressure at the 
nearby hydrant. The recommended improvement includes installation of a 12-inch diameter 
pipeline (approximately 3,545 feet) along Mcintosh Avenue, from downstream of Dayton 
PRV/PSV station to Diamond Avenue. The recommended improvement is shown on Figure 9-6. 
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Pressure Zone 400 

Water Storage Capacity 

Table 9-7 presents a summary of the operational, fire flow, and emergency storage requirements 
for Pressure Zone 400. 

Table 9-7. Pressure Zone 400 Storage Requirements 

Storage Component Criteria Pressure Zone 400 
Storage Required, MG 

Operational 25% of max day demand 0.22 
Operational Storage Credit 50% of excess of groundwater supply(a) (0.06) 

 Operational Storage Required 0.16 
Fire Flow 4,000 gpm for 4 hours 0.96 

Emergency 50% of max day demand (100% of 
average day demand) 

0.44 

Emergency Storage Credit 100% of wells with auxiliary power (2.23) 
 Emergency Storage Required 0 

Total Storage Requirement 1.12 
 Existing Storage Available 0 
 Additional Storage Recommended for 

Existing System (see Chapter 8)
1.0 

Projected Storage Deficiency 0.12 
(a) Excess groundwater supply is defined as the difference between the firm groundwater pumping capacity and the 

maximum day demands. 

As shown in Table 9-7, there is a 0.12 MG storage deficiency in Pressure Zone 400. As 
described in Chapter 8, under existing conditions there was a storage deficiency of 0.96 MG for 
fire flow, so a new 1.0 MG storage tank was recommended at Station 44. To meet the additional 
storage required for buildout in Pressure Zone 400, it is recommended that the 1.0 MG storage 
tank recommended in Chapter 8 be upsized to 1.2 MG.  
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Pumping Capacity 

Table 9-8 provides a summary of the evaluation of the wells and pump station serving Pressure 
Zone 400. 

Table 9-8. Summary of Pressure Zone 400 Pumping Capacity 

 Pressure Zone 400 

Wells and Pump Stations Serving Pressure Zone 44, 64 and CIP102 
Firm groundwater pumping capacities, gpm(a) 700 
Firm booster pumping capacities, gpm(b) 3,560(e) 
Average day demand in pressure zone, gpm 309 
Maximum day plus fire flow demand in pressure zone, gpm(c) 4,618 
Peak hour demand in pressure zone, gpm(d) 927 
Reliability: At least two pumps (1 duty pump and 1 standby pump) to 
use in the event of mechanical failure 

Yes(b) 

Backup power provided Yes(f) 
Adequate capacity during maximum day plus fire flow demand No 
Adequate capacity during peak hour demand Yes 
Additional capacity required, gpm 358(g) 

(a) All well pumps have only one pump. Because there are only two wells in Pressure Zone 400, the firm 
groundwater pumping capacity assumes that the largest well is out of service for maintenance or other issues 
(e.g., water quality). Therefore, the firm groundwater pumping capacity is 700 gpm (1,550 gpm – 850 gpm for 
largest well).  

(b) The recommended new booster pump station (CIP102) in Chapter 8 has 1 duty pump and 1 standby pump. Firm 
capacity assumes largest pump is out of service. 

(c) Maximum day demand equals 2.0 times average day demand. Fire flow demand is 4,000 gpm for 4 hours. 
(d) Peak hour demand equals 3.0 times average day demand. 
(e) Capacity includes the new booster pump station based on the Chapter 8 recommendation. 
(f)  Firm capacity of these pumps with backup power is 4,260 gpm. 
(g) The hydraulic model indicates that approximately 1,824 gpm can be supplied from Station 64 hydropneumatic 

tank during maximum day plus fire flow conditions. However, this hydropneumatic tank could only supply water 
during a fire flow event for 3 minutes. The additional pumping capacity required is Max day Plus Fire flow 
(4,618 gpm) – Firm groundwater pumping capacity (700 gpm) – Firm booster pumping capacity (3,560 gpm) = 
358 gpm.   

As shown in Table 9-8, there is a firm pumping capacity deficiency of 358 gpm in Pressure 
Zone 400. A new pump station was recommended at Station 44 in Chapter 8 to meet existing 
pumping deficiencies. In order to meet the additional future pumping deficiency, it is 
recommended that the pump station recommended for the existing system be upsized from 6.84 
mgd to 7.53 mgd (total capacity of 5,230 gpm; firm capacity of 3,920 gpm). 
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Water Distribution System 

Peak Hour 

During a peak hour demand condition, results indicate that the buildout system in Pressure 
Zone 400 could adequately deliver peak hour demands (see Figure 9-7). Pressures ranged from 
56 to 84 psi.  

As illustrated on Figure 9-7, velocities and head losses throughout the pipelines in Pressure 
Zone 400 could meet the Chico-Hamilton City District’s maximum velocity and head loss 
criteria, which are 7 fps and 10 ft/kft, respectively.  

Maximum Day plus Fire Flow Demand 

A fire flow of 4,000 gpm was simulated on Fortress Street, northwest of Ryan Avenue. Results 
indicate that the existing 6-inch diameter pipeline along Fortress Street was not able to meet fire 
flow requirements at the hydrant located on Ryan Avenue and Crusader Court due to high head 
loss. The replacement of the 6-inch diameter pipeline (approximately 289 feet) with an 8-inch 
diameter pipeline (see Figure 9-8) is recommended to meet the minimum 20 psi required residual 
pressure during maximum day plus fire flow demand conditions.  

Pressure Zone 475 

Water Storage Capacity 

Table 9-9 presents a summary of the operational, fire flow, and emergency storage requirements 
for Pressure Zone 475.  

Table 9-9. Pressure Zone 475 Storage Requirements 

Storage Component Criteria 
Pressure Zone 475 

Storage Required, MG 
Operational 25% of max day demand 2.14 

Operational Storage Credit 50% of excess of groundwater supply(a) 0 
 Operational Storage Required 2.14 

Fire Flow 4,000 gpm for 4 hours 0.96 
Emergency 50% of max day demand (100% of 

average day demand) 
4.27 

Emergency Storage Credit 100% of wells with auxiliary power (5.40) 
 Emergency Storage Required 0 

Total Storage Requirement 3.10 
 Existing Storage Available 1.0 

Projected Storage Deficiency 2.1 
(a) Excess groundwater supply is defined as the difference between the firm groundwater pumping capacity and the 

maximum day demands. 

Public Version



  Chapter 9. Evaluation of Future Water System 

 

May 2008 9-15 California Water Service Company 
o:\c\436\02-06-03\wp\mp\060106ce9 Ch 9  Chico-Hamilton City District 

  Water Supply and Facilities Master Plan 

As shown in Table 9-9, there is a storage deficiency of 2.1 MG in Pressure Zone 475. To meet 
this storage deficiency it is recommended that a new 2.1 MG storage tank be constructed 
between Humboldt Drive and Coyote Way. This storage tank will provide additional storage 
supply to Pressure Zone 475 and/or to Pressure Zone 635 through booster pump stations. This 
new storage tank will be filled by existing groundwater wells in this pressure zone during the off-
peak operation time which should provide some savings in pump energy for the District. 

Pumping Capacity 

Table 9-10 provides a summary of the evaluation of the wells serving Pressure Zone 475. 

Table 9-10. Summary of Pressure Zone 475 Pumping Capacity 

 Pressure Zone 475 

Wells Serving Pressure Zone 33, 50, 65, 67, 70, 72 and 76 
Firm groundwater pumping capacity, gpm (a) 5,750 
Average day demand in pressure zone, gpm(b) 4,148 
Maximum day plus fire flow demand in pressure zone, gpm(b, c) 7,436 
Peak hour demand in pressure zone, gpm(b,d) 8,904 
Reliability: At least two pumps (1 duty pump and 1 standby pump) 
to use in the event of mechanical failure 

No 

Backup power provided (e) 

Adequate capacity during maximum day plus fire flow demand Yes 
Adequate capacity during peak hour demand Yes 
Additional capacity required, gpm 0(f) 

(a) There are only wells serving Pressure Zone 475. All well pumps have only one pump. Because there are only seven 
wells in Pressure Zone 475, the firm groundwater pumping capacity assumes that the largest well is out of service 
for maintenance or other issues (e.g., water quality). Therefore, the firm groundwater pumping capacity is 5,750 
gpm (7,050 gpm – 1,300 gpm for largest well) 

(b) Includes demand required to be conveyed through a booster pump station to the upper pressure zones. 
(c) Maximum day demand equals 2.0 times average day demand. Fire flow demand is 1,500 gpm for 2 hours. 
(d) Peak hour demand equals 3.0 times average day demand. 
(e) Only 4 groundwater wells in Pressure Zone 475 have backup power. 
(f) The hydraulic model indicates that approximately 1,673 gpm can be supplied from storage tanks located at Station 

66, and 3,566 gpm can be supplied from the new 2.1 MG storage tank located at BCIP-82 (between Humboldt Road 
and Coyote Way) (see Water Storage Capacity discussion above) during either a maximum day plus fire flow or 
peak hour demand condition. Based on this, the additional pumping capacity required is Peak hour (8,904 gpm) – 
Firm groundwater capacity (5,750 gpm) - Station 66 (1,673 gpm) – New Storage Tank in Pressure Zone 475 (3,566 
gpm) = 0 gpm. 

As shown in Table 9-10, with the supply from recommended new storage tank in Pressure Zone 
475, no additional pumping capacity is required in Pressure Zone 475. 

Public Version



  Chapter 9. Evaluation of Future Water System 

 

May 2008 9-16 California Water Service Company 
o:\c\436\02-06-03\wp\mp\060106ce9 Ch 9  Chico-Hamilton City District 

  Water Supply and Facilities Master Plan 

Water Distribution System 

Peak Hour 

During a peak hour demand condition, results indicate that the buildout system in Pressure 
Zone 475 could deliver peak hour demands under the Chico-Hamilton City District’s minimum 
pressure criteria of 40 psi (see Figure 9-9), except for some areas along Sparrow Hawk Lane, 
Humboldt Road, near Station 66, Delaney Drive, and Peninsula Drive.  

The low pressures range from 34 to 37 psi near Sparrow Hawk Lane, which is located above the 
Pressure Zone 475 service elevation. Based on the specific locations along Sparrow Hawk Lane, 
it will be difficult to adjust pressure without affecting those areas which already have adequate 
pressure. WYA recommends that Cal Water evaluate whether the customers in this area are 
willing to sign a low pressure agreement, and request individual customers to install small 
booster pump systems to increase pressure in the homes. No mitigation is recommended at this 
time. 

The low pressures near Station 66, Delaney Drive (near Station 73), Humboldt Road, and 
Peninsula Drive reflected pressures near operated facilities. Since there would not be any service 
connection near these areas, no mitigation is recommended at this time.  

Head losses and velocities in Pressure Zone 475 are adequate to meet the Chico-Hamilton City 
District maximum design criteria of 10 ft/kft and 7 fps as shown on Figure 9-9.  

Maximum Day plus Fire Flow Demand 

A fire flow demand of 1,500 gpm was simulated in Pressure Zone 475. Results indicate that the 
buildout system in Pressure Zone 475 is able to meet the required fire flow demand. 

Pressure Zone 570 

As previously mentioned, this new pressure zone, Pressure Zone 570, has been created to serve 
the new development area south of Southgate. The storage, pumping, and distribution system 
needs for this new pressure zone are discussed below. 
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Water Storage Capacity 

Table 9-11 presents a summary of the operational, fire flow, and emergency storage 
requirements for Pressure Zone 570.  

Table 9-11. Pressure Zone 570 Storage Requirements 

Storage Component Criteria 
Pressure Zone 570 

Storage Required, MG 

Operational 25% of max day demand 3.89 
Operational Storage Credit 50% of excess of groundwater supply(a) 0 

 Operational Storage Required 3.89 

Fire Flow 4,000 gpm for 4 hours 0.96 

Emergency 50% of max day demand (100% of 
average day demand) 

7.78 

Emergency Storage Credit 100% of wells with auxiliary power 0 
 Emergency Storage Required 7.78 

Total Storage Requirement 12.63 
 Existing Storage Available 0 

Total Storage Deficiency 12.63 
(a) Excess groundwater supply is defined as the difference between the firm groundwater pumping capacity and the 

maximum day demands. 

This new pressure zone is hydraulically separated from the main system. As shown in Table 9-
11, there is a total storage deficiency (need) of 12.63 MG. To meet the emergency storage 
required, it is recommended that eight new wells equipped with backup power (two 1,300 gpm 
wells and six 1,650 gpm wells) be constructed to provide an emergency storage credit of 18 MG. 
To meet the required operational and fire flow storage, two new 2.5 MG storage tanks are 
recommended in Pressure Zone 570. It is recommended that one of the tanks be located just 
south of Skyway Avenue and the other be located south of Nance Canyon. Both storage tanks 
will require booster pumps (7.5 mgd; total capacity 5,205 gpm; firm capacity 3,470 gpm). 
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Pumping Capacity 

Table 9-12 provides a summary of the evaluation of the wells and pump stations serving Pressure 
Zone 570.  

Table 9-12. Summary of Pressure Zone 570 Pumping Capacity 

 Pressure Zone 570 

Pump Stations Serving Pressure Zone None (new pressure zone) 
Firm groundwater pumping capacities, gpm (a) 0 
Firm booster pumping capacities, gpm (a) 0 
Average day demand in pressure zone, gpm 5,402 
Maximum day plus fire flow demand in pressure zone, gpm(b) 14,804 
Peak hour demand in pressure zone, gpm(c) 16,206 
Reliability: At least two pumps (1 duty pump and 1 standby pump) 
to use in the event of mechanical failure(a) 

No 

Backup power provided(a) No 
Adequate capacity during maximum day plus fire flow demand Yes 
Adequate capacity during peak hour demand Yes 
Additional capacity required, gpm 16,206(d) 

(a) New pressure zone with no existing facilities. 
(b) Maximum day demand equals 2.0 times average day demand. Fire flow is 4,000 gpm for 4 hours. 
(c) Peak hour demand equals 3.0 times average day demand. 
(d) Peak hour condition controls. 

As shown in Table 9-12, the required firm pumping capacity in Pressure Zone 570 is 16,206 gpm 
(23.3 mgd). As discussed above, eight new wells (two 1,300 gpm wells and six 1,650 gpm wells) 
are recommended in Pressure Zone 570. These new wells would provide a firm groundwater 
pumping capacity of 10,850 gpm. Also, in conjunction with the new storage tanks recommended in 
Pressure Zone 570, two new 7.5 mgd booster pumps are recommended (each with a total pumping 
capacity of 5,205 gpm and a firm pumping capacity of 3,470 gpm).  

Water Distribution System 

Peak Hour 

During a peak hour demand condition, results indicate that the buildout system in Pressure 
Zone 570 could deliver peak hour demands under the Chico-Hamilton City District’s minimum 
pressure criteria of 40 psi (see Figure 9-10). System pressures in Pressure Zone 570 range from 
50 to 104 psi. 

Due to wide range of elevations in this pressure zone, three pressure reducing valves are 
recommended to prevent high pressure in the lower elevations. 
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Head losses and velocities in Pressure Zone 570 are adequate to meet the Chico-Hamilton City 
District maximum design criteria of 10 ft/kft and 7 fps as shown on Figure 9-10. 

Maximum Day plus Fire Flow Demand 

A fire flow demand of 4,000 gpm was simulated in Pressure Zone 570, and results indicate that 
the buildout system in Pressure Zone 570 is able to meet the required residual pressure.  

Pressure Zone 635 

Water Storage Capacity 

Table 9-13 presents a summary of the operational, fire flow, and emergency storage 
requirements for Pressure Zone 635.  

Table 9-13. Pressure Zone 635 Storage Requirements 

Storage Component Criteria 
Pressure Zone 635  

Storage Required, MG 

Operational 25% of max day demand 0.50 
Operational Storage Credit 50% of excess of groundwater supply(a) 0 

 Operational Storage Required 0.50 

Fire Flow 1,500 gpm for 2 hours  0.18 

Emergency 50% of max day demand (100% of 
average day demand) 1.00 

Emergency Storage Credit 100% of wells with auxiliary power 0 
 Emergency Storage Required 1.00 

Total Storage Requirement 1.68 
 Existing Storage Available 0.5 

Projected Storage Deficiency 1.18 
(a) Excess groundwater supply is defined as the difference between the firm groundwater pumping capacity and the 

maximum day demands. 

As shown in Table 9-13, there is a storage deficiency of 1.18 MG in Pressure Zone 635. In order 
to correct his deficiency, a new 1.2 MG storage tank is recommended to provide additional 
storage capacity to serve the future growth in this pressure zone. The proposed location for this 
new storage tank is between Humboldt Road and Highway 32.   
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Pumping Capacity 

Table 9-14 provides a summary of the evaluation of the pump stations serving Pressure 
Zone 635. 

Table 9-14. Summary of Pressure Zone 635 Pumping Capacity 

 Pressure Zone 635 

Pump Stations Serving Pressure Zone 66 and 73 
Firm booster pumping capacity, gpm 1,100 
Average day demand in pressure zone, gpm 694 
Maximum day plus fire flow demand in pressure zone, gpm(a) 2,888 
Peak hour demand in pressure zone, gpm(b) 2,082 
Reliability: At least two pumps (1 duty pump and 1 standby pump) to use 
in the event of mechanical failure 

Yes 

Backup power provided Yes 
Adequate capacity during maximum day plus fire flow demand No 
Adequate capacity during peak hour demand No 
Additional capacity required, gpm 349(c) 

(a) Maximum day demand equals 2.0 times average day demand. Fire flow demand is 1,500 gpm for 2 hours. 
(b) Peak hour demand equals 3.0 times average day demand. 
(c) The hydraulic model indicates that approximately 1,439 gpm can be supplied from Station 74 tank and/or 2,078 

gpm can be supplied from new storage tank (BCIP-84) located between Humboldt Road and Highway 32 during a 
maximum day plus fire flow demand condition. Additional capacity required is Max Day plus fire flow (2,888 
gpm) – Firm capacity (1,100 gpm) – Station 74 (1,439 gpm) = 349 gpm. 

As shown in Table 9-14, an additional pumping capacity of 349 gpm is required within Pressure 
Zone 635. A new 3.17 mgd (total capacity 2,200 gpm; firm capacity 1,100 gpm) booster pump 
station is recommended in conjunction with the recommended new 1.2 MG storage tank 
discussed above. 

Water Distribution System 

Peak Hour  

During a peak hour demand condition, results indicate that the buildout system in Pressure 
Zone 635 could adequately deliver peak hour demands to most areas in this pressure zone under 
the Chico-Hamilton City District’s minimum pressure criteria of 40 psi (see Figure 9-11). 
Pressures ranged between 40 and 133 psi. Low pressures (10 to 17 psi), as shown on Figure 9-11, 
are located near supply facilities (Stations 66 and 74). Because there is no service connection at 
these locations, no mitigation is recommended.  

As illustrated on Figure 9-11, velocities and head losses throughout the pipelines in Pressure 
Zone 635 meet the Chico-Hamilton City District’s maximum velocity and head loss criteria 
which are 7 fps and 10 ft/kft, respectively. 
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Maximum Day plus Fire Flow Demand 

Fire flow demands of 1,500 gpm were simulated in Pressure Zone 635. Results indicate that the 
buildout system in Pressure Zone 635 is able to meet the required residual pressure. 

Pressure Zone 795 

Water Storage Capacity 

Table 9-15 presents a summary of the operational, fire flow, and emergency storage 
requirements for Pressure Zone 795.  

Table 9-15. Pressure Zone 795 Storage Requirements 

Storage Component Criteria 
Pressure Zone 795 

Storage Required, MG 

Operational 25% of max day demand 0.35 
Operational Storage Credit 50% of excess of groundwater supply(a) 0 

 Operational Storage required 0.35 

Fire Flow 1,500 gpm for 2 hours 0.18 

Emergency 50% of max day demand (100% of 
average day demand) 0.70 

Emergency Storage Credit 100% of wells with auxiliary power 0 
 Emergency Storage Required 0.70 

Total Storage Requirement 1.23 
 Existing Storage Available 0 

Total Storage Deficiency 1.23 
(a) Excess groundwater supply is defined as the difference between the firm groundwater pumping capacity and the 

maximum day demands. 

As shown in Table 9-15, there is a storage deficiency in Pressure Zone 795 of 1.23 MG. To 
correct this deficiency, a new 1.3 MG storage tank is recommended to provide additional storage 
capacity in Pressure Zone 795. The proposed location is at the southeast intersection of 
Shadowtree Lane and Whispering Winds Lane.  
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Pumping Capacity 

Table 9-16 provides a summary of the evaluation of the pump stations serving Pressure 
Zone 795. 

Table 9-16. Summary of Pressure Zone 795 Pumping Capacity 

 Pressure Zone 795 

Pump Station(s) Serving Pressure Zone 66 
Firm booster pumping capacity, gpm 1,530(c) 
Average day demand in pressure zone, gpm 486 
Maximum day plus fire flow demand in pressure zone, gpm(a) 2,472 
Peak hour demand in pressure zone, gpm(c) 1,458 
Reliability: At least two pumps (1 duty pump and 1 standby 
pump) to use in the event of mechanical failure 

Yes 

Backup power provided No 
Adequate capacity during maximum day plus fire flow demand No 
Adequate capacity during peak hour demand Yes 
Additional capacity required, gpm 0(d) 

(a) Maximum day demand equals 2.0 times average day demand. Fire flow demand is 1,500 gpm for 2 hours. 
(b) Peak you demand equals 3.0 times average day demand 
(c) Includes additional pumping capacity required for existing system (see Chapter 8). 
(d) The hydraulic model indicates that approximately 2,952 gpm can be supplied from the new storage tank (Station 

BCIP-85) located southeast of Shadowtree Lane (see discussion above) during a maximum day plus fire flow 
demand condition.  Additional capacity required is Max Day Plus Fire Flow (2,475 gpm) – Firm Capacity (1,530 
gpm) – New tank (2,952 gpm) = 0 gpm. 

As shown in Table 9-16, there is no additional pumping capacity required within Pressure 
Zone 795.  

Water Distribution System 

Peak Hour 

During a peak hour demand condition, results indicate that the buildout system in Pressure 
Zone 795 could not deliver peak hour demands under the Chico-Hamilton City District’s 
minimum pressure criteria of 40 psi (see Figure 9-12). System pressures in Pressure Zone 795 
range from 29 to 190 psi. There is one area where pressures range between 29 to 30 psi. This 
area is located at elevation 771 feet which is higher than the service elevation for Pressure 
Zone 795. Since the new storage tank is recommended to be constructed on the highest elevation 
available (812 feet) on the open parcel for future growth, it is not possible to serve this low 
pressure area to meet the District’s minimum pressure criteria of 40 psi. It is recommended that 
the new development be limited to ground elevation of 720 feet.  
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The high pressure area was simulated at one area located along Whispering Wind Lane, south of 
Canyon Oaks Terrace. There is no customer connection along this pipeline; therefore, no 
recommendation is required.  

Head losses and velocities in Pressure Zone 795 are adequate to meet the Chico-Hamilton City 
District’s maximum design criteria of 10 ft/kft and 7 fps as shown on Figure 9-12.  

Maximum Day plus Fire Flow Demand 

Fire flow demands of 1,500 gpm were simulated in Pressure Zone 795. Results indicate that the 
buildout system in Pressure Zone 795 is adequate to meet the required residual pressure. 

Hamilton City 

Water Storage Capacity 

Table 9-17 presents a summary of the operational, fire flow, and emergency storage 
requirements for Hamilton City. 

Table 9-17. Hamilton City Storage Requirements 

Storage Component Criteria 
Hamilton City 

Storage Required, MG 

Operational 25% of max day demand 0.33 
Operational Storage Credit 50% of excess of groundwater supply(a) (0.17) 

 Operational Storage Required 0.16 

Fire Flow 4,000 gpm for 4 hours 0.96 

Emergency 50% of max day demand (100% of 
average day demand) 

0.66 

Emergency Storage Credit 100% of wells with auxiliary power (2.88) 
 Emergency Storage Required 0 

Total Storage Requirement 1.12 
 Existing Storage Available(b) 0.02 
 Additional Storage Recommended for 

Existing System (see Chapter 8) 1.00 

Total Storage Deficiency 0.10 
(a) Excess groundwater supply is defined as the difference between the firm groundwater pumping capacity and the 

maximum day demands. 
(b) Includes recommended new storage with pump station based on additional pumping capacity required to meet 

existing system requirement during maximum day plus fire flow conditions (see Chapter 8). 
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As shown in Table 9-17, there is a storage deficiency at buildout of 0.10 MG in Hamilton City. 
In Chapter 8, a new 1.0 MG storage tank was recommended. To meet the additional storage 
required for buildout, it is recommended that the 1.0 MG storage tank recommended in Chapter 
8 be upsized to 1.1 MG.  

Pumping Capacity 

Table 9-18 provides a summary of the evaluation of the wells and pump stations serving 
Hamilton City. 

Table 9-18. Summary of Hamilton City Pumping Capacity 

 Hamilton City 

Wells and Pump Stations Serving Pressure Zone 1-01, 2-01, 2-02, and CIPA 
Firm groundwater pumping capacities, gpm (a) 1,150 
Firm booster pumping capacities, gpm 3,610(d) 
Average day demand in pressure zone, gpm 458 
Maximum day plus fire flow demand in pressure zone, gpm(b) 4,917 
Peak hour demand in pressure zone, gpm(c) 1,375 
Reliability: At least two pumps (1 duty pump and 1 standby 
pump) to use in the event of mechanical failure 

Yes 

Backup power provided Yes 
Adequate capacity during maximum day plus fire flow demand No 
Adequate capacity during peak hour demand Yes 
Additional capacity required, gpm 157(e) 

(a) All well pumps have only one pump. The total firm groundwater pumping capacity assumes the largest well is 
out of service for maintenance or other issues (e.g., water quality). Therefore, the firm groundwater pumping 
capacity is 1,150 gpm (2,000 gpm – 850 gpm for largest well). 

(b) Maximum day demand equals 2.0 times average day demand. Fire flow demand is 4,000 gpm for 4 hours. 
(c) Peak hour demand equals 3.0 times average day demand. 
(d) Included additional pumping capacity recommended for existing system in Chapter 8. 
(e) Although the hydraulic model indicates that approximately 1,088 gpm can be supplied from Stations 1 and 2 

hydropneumatic tanks, no storage credit is given because the size of each tank is only 10,000 gallons. Additional 
capacity required is Max day plus fire flow (4,917 gpm) – Firm groundwater capacity (1,150 gpm) – Firm 
booster pumping capacity (3,610 gpm) = 157 gpm. 

As shown in Table 9-18, there is a slight additional pumping capacity required within Hamilton 
City of 157 gpm. However, because the deficiency is so slight (only about 3 percent of the firm 
groundwater pumping capacity), additional pumping capacity is not recommended. 
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Water Distribution System 

Peak Hour 

During a peak hour demand condition, results indicate that the buildout system in Hamilton City 
could deliver peak hour demands under the Chico-Hamilton City District’s minimum pressure 
criteria of 40 psi (see Figure 9-13). System pressures in Hamilton City range from 61 to 70 psi.  

Most pipelines meet the District’s maximum head loss and velocity criteria as shown in Figure 9-
13. However, there are pipelines with head loss above the District’s maximum design criteria of 
10 ft/kft. These pipelines meet the maximum design velocity criteria of 7 fps, therefore, there is 
no recommendation for upsizing.   

Maximum Day plus Fire Flow Demand 

A fire flow demand of 4,000 gpm was simulated in Hamilton City. Results indicate that the 
buildout system in Hamilton City is able to meet the required residual pressure. 

SUMMARY OF RECOMMENDED IMPROVEMENTS FOR BUILDOUT OF THE 
POTABLE WATER SYSTEM 

The recommended improvements needed to eliminate deficiencies identified in the analysis of 
the buildout distribution systems are summarized below and are shown on Figure 9-14. The 
estimated costs for these recommended improvements are discussed in Chapter 10. 

Pipelines 

• To alleviate head loss and velocity problems in Pressure Zone 350 during maximum 
day demand plus fire flow, it is recommended to upsize the 8-inch diameter main 
(approximately 454 feet) along Thorntree Drive, west of Contractors Drive to a 12-
inch diameter main and install a 12-inch diameter main (approximately 3,545 feet) 
along Mcintosh Avenue, from downstream of Dayton PRV/PSV station to Diamond 
Avenue.  

• To alleviate head loss and velocity problems in Pressure Zone 400 during maximum 
day demand plus fire flow, it is recommended to upsize the 6-inch diameter main 
(approximately 289 feet) along Fortress Street, between Ryan Avenue and Crusader 
Court with an 8-inch diameter pipeline. 

Pump Stations 

Pressure Zone 350 

• 9 new groundwater wells should be constructed to provide additional supply to 
Pressure Zone 350 to meet increasing demand under buildout conditions. The total 
capacity of each groundwater shall be 2.66 mgd (1,850 gpm). 
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• Booster pumps will be required at each of the two new 3.0 MG tanks. Each will need 
to have a pumping capacity of 8.0 mgd (total capacity 5,560 gpm; firm capacity 4,170 
gpm). 

Pressure Zone 400 

• The new pump station recommended for the existing system at Station 44 (see 
Chapter 8) should be upsized from 6.84 mgd to 7.53 mgd (total capacity of 5,230 
gpm; firm capacity of 3,920 gpm) to meet future pumping requirements during 
maximum day plus fire flow conditions. 

Pressure Zone 570 

• 8 new groundwater wells should be constructed to provide supply to the new Pressure 
Zone 570 located southeast of the Chico District. These groundwater wells include: 

— Six 2.38 mgd (1,650 gpm) groundwater wells 
— Two 1.87 mgd (1,300 gpm) groundwater wells 

• New 7.5 mgd booster pump stations (each with a total capacity of 5,205 gpm and firm 
capacity of 3,470 gpm) booster pump station should be constructed at each of the new 
2.5 MG storage tanks in Pressure Zone 570.  

Pressure Zone 635 

• A new 3.17 mgd (total capacity of 2,200 gpm; firm capacity of 1,100 gpm) (TDH of 
320 feet) booster pump station should be constructed to convey water from Pressure 
Zone 475 to Pressure Zone 635, and to fill the new 1.2 MG storage tank located in 
Pressure Zone 635.  

Storage Facilities 

Pressure Zone 350 

• To meet future operational storage requirements in Pressure Zone 350, the following 
additional storage facilities should be constructed: 

— An additional 1.0 MG storage tank at Mcintosh Avenue, west of Dayton Road 
— An additional 1.0 MG storage tank between Bruce Road and Potter Road 
— An additional 1.0 MG storage tank southwest of Highway 99 and Entler Avenue 
— Two new 3.0 MG storage tanks in Pressure Zone 350 (one southeast of Forest 

Avenue and Baney Lane and one at Station 47 along Guynn Avenue) 

Pressure Zone 400 

• To meet future operational storage requirements in Pressure Zone 400, the new 
storage tank recommended for the existing system at Station 44 (see Chapter 8) 
should be upsized from 1.0 MG to 1.2 MG  
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Pressure Zone 475 

• To serve new growth in Pressure Zone 475 and to provide the required storage 
capacity, a 2.1 MG storage tank should be constructed between Humboldt Road and 
Coyote Way. 

Pressure Zone 570 

• To serve new growth in Pressure Zone 570 and to provide the required storage 
capacity, two new 2.5 MG storage tanks should be constructed in Pressure Zone 570 
(one south of Skyway and one south of Nance Canyon). 

Pressure Zone 635 

• To serve new growth in Pressure Zone 635 and to provide the required storage 
capacity, a 1.2 MG storage tank should be constructed between Humboldt Road and 
Highway 32. 

Pressure Zone 795 

• To serve new growth in Pressure Zone 795 and to provide the required storage 
capacity, a 1.3 MG storage tank should be constructed on a future parcel at the 
southeast intersection of Shadowtree Lane and Whispering Winds Lane.  

Hamilton City 

• To meet future operational storage requirements in Hamilton City, the new storage 
tank recommended for the existing system (see Chapter 8) should be upsized from 1.0 
MG to 1.1 MG.  

Pressure Reducing Stations and Isolation Valves 

Pressure Zone 570 

• Because of the wide range in elevations throughout Pressure Zone 570, three pressure 
reducing valves and one isolation valve should be constructed to eliminate excessive 
pressure in the lower elevations of Pressure Zone 570. 

Altitude Valves 

• Altitude valves should be installed at all new storage tanks to provide the ability to 
fill the tank when the pump station is not operating. 
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FIGURE 9-1

California Water Service Company
Chico - Hamilton City District Water
Supply and Facilities Master Plan
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California Water Service Company
Chico-Hamilton District Water Supply
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California Water Service Company
Chico-Hamilton District Water

Supply and Facilities Master Plan
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California Water Service Company
Chico-Hamilton City District

Water Supply & Facilities Master Plan
May 2008

Chapter 10:  Recommended Capital
Improvement Program

Chapter Highlights:
This chapter presents the recommended CIP for the Chico-Hamilton City District’s existing and buildout water 
system. Several recommendations for improvements to the existing and buildout water system were described 
previously in Chapters 8 and 9, respectively. This chapter provides descriptions of the recommended CIP program, 
along with estimates of probable construction costs.

Costs are presented in May 2008 dollars based on an ENR CCI of 8141 (20 Cities Average). Total CIP costs include 
the following contingencies and cost allowances:

Construction Contingency:  20 percent
Project Cost Allowances:

Planning, Engineering and Environmental Studies:  10 percent
Construction Management:  10 percent
Program Implementation:  8 percent

A complete description of the assumptions used in developing the estimates of probable construction costs is 
provided in Appendix R.

Chapter Highlights:
This chapter presents the recommended CIP for the Chico-Hamilton City District’s existing and buildout water 
system. Several recommendations for improvements to the existing and buildout water system were described 
previously in Chapters 8 and 9, respectively. This chapter provides descriptions of the recommended CIP program, 
along with estimates of probable construction costs.

Costs are presented in May 2008 dollars based on an ENR CCI of 8141 (20 Cities Average). Total CIP costs include 
the following contingencies and cost allowances:

Construction Contingency:  20 percent
Project Cost Allowances:

Planning, Engineering and Environmental Studies:  10 percent
Construction Management:  10 percent
Program Implementation:  8 percent
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$0.83 M--$0.83 MEmergency Generators

$39.61 M$39.61 M$0 MGroundwater Well Improvements

$0.06 M$0.06 M$0 MNew Pressure Reducing Stations

$85.24 M$31.71 M$53.53 MR&R Costs

Summary of CIP and R&R Costs:

$210.21 M

$29.51 M

$19.43 M

$89.89 M

Buildout 
System

$296.39 M$86.18 MTotals

$41.01 M$11.50 MStorage Improvements

$35.14 M$15.71 MPump Station Improvements

$94.50 M$4.61 MPipeline Improvements

Totals
Existing
System Recommended Improvements

Chapter Contents:
Recommended Capital Improvement Program
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Buildout Water System Improvements
Recommended CIP Costs

Capital Improvement Program Implementation

Chapter Contents:
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CHAPTER 10. RECOMMENDED CAPITAL 
IMPROVEMENT PROGRAM 

This chapter presents the recommended CIP for the Chico-Hamilton District’s existing and 
buildout water system. Several recommendations for improvements to the existing and buildout 
water system were described previously in Chapters 8 and 9, respectively. This chapter provides 
descriptions of the recommended CIP program, along with estimates of probable construction 
costs. 

Costs are presented in May 2008 dollars based on an Engineering News Record Construction 
Cost Index (ENR CCI) of 8141 (20 Cities Average). Total CIP costs include the following 
contingencies and project cost allowances: 

• Construction Contingency:  20 percent 

• Project Cost Allowances: 

— Design:  10 percent 
— Construction Management:  10 percent 
— Administration:  8 percent 

A complete description of the assumptions used in developing the estimates of probable 
construction costs is provided in Appendix R. 

RECOMMENDED CAPITAL IMPROVEMENT PROGRAM 

Existing Water System Improvements 

Chapter 8 provided a description of the evaluation of the Chico-Hamilton District’s existing 
water system and its ability to meet the established operational and design criteria described in 
Chapter 5. Based on the evaluation, several improvements to the existing system were 
recommended to eliminate existing deficiencies, as listed in Table 10-1. In addition, Chapter 7 
provided a suggested R&R schedule (0 to 5 years) for many of the existing facilities. These have 
been grouped into several recommended CIP projects, and include the following: 

Existing Improvements 

Pressure Zone 350 

• A new 2.7 MG storage tank and 7.49 mgd booster pump station located at Silver 
Dollar Way to provide storage in Pressure Zone 350 (CIP 78). 

• A new 1.0 MG storage tank and 3.24 mgd booster pump station located at Mcintosh 
Avenue (west of Dayton Road) to provide storage in Pressure Zone 350 (CIP 79). 
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• A new 1.0 MG storage tank and 6.34 mgd booster pump station located between 
Bruce Road and Potter Road (south of East 20th Street) to provide storage in Pressure 
Zone 350 (CIP 80). CIP 80 also includes approximately 840 ft of 8-inch-diameter 
pipeline and 1,254 ft of 12-inch diameter pipeline to connect the new storage tank to 
the existing distribution system. 

• A new 1.0 MG storage tank and 4.54 mgd booster pump station located southwest of 
Highway 99 and Entler Avenue (west of Norfield Avenue) to provide storage in 
Pressure Zone 350 (CIP 81). CIP 81 includes approximately 8,004 ft of 12-inch-
diameter pipeline to connect the new storage tank to the existing distribution system. 

• Standby generators at Stations 54, 71, and 75 in Pressure Zone 350 (CIP 108). 

Pressure Zone 400 

• A new 1.0 MG storage tank and 6.84 mgd pump station at Station 44 in Pressure 
Zone 400 (CIP 102). 

Pressure Zone 795 

• Additional 2.44 mgd pumping capacity at Station 66 for Pressure Zone 795 to meet 
maximum day plus fire flow demand condition pressure requirements (CIP 66). 

Hamilton City 

• A new 1.0 MG storage tank and 6.93 mgd pump station located north of Broadway 
Avenue and 6th Street to provide storage in Hamilton City (CIP A). 

Pipeline improvements to meet existing maximum day demand plus fire flow demand conditions 
in Pressure Zone 350 and Hamilton City (pipeline locations, lengths, and sizes are listed in 
Table 10-1). 
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Table 10-1. Recommended Pipeline CIP for Existing System to 
Meet Maximum Day plus Fire Flow Demand Conditions 

  Diameter, inches 
CIP ID(a) 

Pressure 
Zone Description of Location 

Length, 
feet Existing Recommended

FF10 
Pressure 
Zone 350 Along Eastwood Avenue 645 NA 8 

FF11 
Pressure 
Zone 350 Along Pine Street 167 2 8 

FF01 
Hamilton 

City 

Along 6th Street between 
Broadway Avenue and alley 
located southwest of Capay 

Avenue 196 6 12 

FF02 
Hamilton 

City 

Along 6th Street between alley of 
Broadway Avenue and Los 

Robles, and alley located west of 
Capay Avenue 762 6 8 

FF03 
Hamilton 

City 
Along 1st Street between Station 1 

and Broadway Avenue 515 6 8 

FF04 
Hamilton 

City 
Along Broadway Avenue between 

1st Street and 6th Street 2,892 NA 12 

FF05 
Hamilton 

City 

Along 2nd Street between 
Broadway Avenue and alley of 
Los Robles Avenue and Capay 

Avenue 630 NA 12 

FF06 
Hamilton 

City 

Along 2nd Street between alley of 
Los Robles Avenue and Capay 

Avenue, and Capay Avenue 250 6 8 

FF07 
Hamilton 

City 

Along 5th Street between  Station 2 
and alley between Shasta Avenue 

and Sierra Avenue 1,048 NA 8 

FF08 
Hamilton 

City 

Along 2nd Street between 
Sacramento Avenue and alley of 
Sacramento Avenue and Sierra 

Avenue 198 NA 8 

FF09 
Hamilton 

City 

Along 4th Street between 
Broadway Avenue and alley of 

Broadway Avenue and Los Robles 
Avenue 208 NA 8 

(a) The “FF” in the CIP ID stands for fire flow and “PH” stands for peak hour. This means the CIP is either fire flow 
or peak hour related. 
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Renewal and Replacement (0 to 5 Years) 

• Groundwater Production Wells1 

— Chico Stations 1, 3, 4, 7, 8, 9, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 44 

— Hamilton City Station 1 

• Well Pumps 

— Chico Stations 1, 4, 5, 8, 11, 16, 21, 22, 23, 25, 27, 29, 30, 32, 33, 35, 40, 42, 47, 
50, 51, 52, 53, 54, 56, 58 

• Well Pump Motors 

— Chico Stations 1, 4, 5, 8, 11, 18, 19, 20, 22, 23, 24, 25, 26, 27, 29, 30, 32, 33, 39, 
40, 42, 46, 47, 49, 50, 51, 52, 53, 54, 55, 56, 58 

• Tanks 

— Station 1 Tanks 1 and 2 
— Station 3 Tank 4 
— Station 8 Tank 3 
— Station 44 Pressurized Tank 

• Booster Pump Stations 

— Station 16 (motor) 
— Station 50A 

• SCADA 

— Chico Stations 24, 33, 44, 49, 53, 64, 65, 66D, 67, 68, 69, 70, 71, 72 
— Hamilton City Stations 1, 2-1 and 2-2 

The locations of the recommended existing system CIP projects are shown on Figure 10-1. 
Details of the recommended existing system CIP projects are provided in Chapter 8 and R&R 
projects in Chapter 7. 

Buildout Water System Improvements 

Chapter 9 provided a description of the evaluation of the District’s buildout water system and its 
ability to meet the established operational and design criteria described in Chapter 5. Based on 
the evaluation, several improvements were recommended for the District’s water system to meet 
buildout demands.. In addition, Chapter 7 provided a suggested R&R schedule (5 years to 25 
years) for many of the existing facilities. These have been grouped into recommended Buildout 
CIP (BCIP) projects, and include the following: 

                                                 
1 Only includes drilling and developing of new well. Does not include mechanical pumping equipment, electrical 
pumping equipment, land acquisition, building and fencing. 
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Future Improvements 

Pressure Zone 350 

• Nine groundwater wells to provide additional supply to Pressure Zone 350. Each well 
should have a rated capacity of approximately 2.66 mgd (1,850 gpm) (BCIP 86-94) 

• Another new 1.0 MG storage tank located at Mcintosh Avenue (west of Dayton 
Road) to provide additional storage in Pressure Zone 350 (same site as CIP 79 
discussed in Chapter 8) (BCIP 79). 

• Another new 1.0 MG storage tank located between Bruce Road and Potter Road 
(south of East 20th Street) to provide additional storage in Pressure Zone 350 (same 
site as CIP 80 discussed in Chapter 8) (BCIP 80). 

• Another new 1.0 MG storage tank located southwest of Highway 99 and Entler 
Avenue (west of Norfield Avenue) to provide additional storage in Pressure Zone 350 
(same site as CIP 81 discussed in Chapter 8) (BCIP 81). 

• A new 3.0 MG storage tank with an 8.0 mgd booster pump located in Pressure Zone 
350 located southeast of Forest Avenue and Baney Lane (BCIP 106). 

• A new 3.0 MG storage tank with an 8.0 mgd booster pump located in Pressure Zone 
350 located at Station 47 along Guynn Avenue (BCIP 107). 

Pressure Zone 400 

• Upsize the new 1.0 MG storage tank at Station 44 in Pressure Zone 400 (see Chapter 
8) to 1.2 MG to meet future needs and upsize the new 6.84 mgd pump station at 
Station 44 in Pressure Zone 400 (see Chapter 8) to 7.53 mgd to increase pumping 
capacity in Pressure Zone 400 during future maximum day plus fire flow demands 
(CIP 102). 

Pressure Zone 475 

• A new 2.1 MG storage tank located between Humboldt Road and Coyote Way to 
provide additional storage in Pressure Zone 475 (BCIP 82). 

Pressure Zone 570 

• Eight groundwater wells to provide supply to the new Pressure Zone 570 located 
southeast of Chico District (BCIP 95-101 and 104). 

— Six 2.38 mgd (1,650 gpm) groundwater wells 
— Two 1.87 mgd (1,300 gpm) groundwater wells 

• Two new 2.5 MG storage tanks, each with a 7.5 mgd booster pump, located in 
Pressure Zone 570 (one south of Skyway and one south of Nance Canyon) (BCIP 
83A and 83C),. 

• Three pressure reducing stations in Pressure Zone 570. 
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Pressure Zone 635 

• A new 1.2 MG storage tank located between Humboldt Road and Highway 32 to 
provide additional storage in Pressure Zone 635 (BCIP 84). 

• A new 3.17 mgd booster pump station located along Humboldt Road to convey water 
from Pressure Zone 475 to Pressure Zone 635 (BCIP 103). 

Pressure Zone 795 

• A new 1.3 MG storage tank located southeast intersection of Shadowtree Lane and 
Whispering Winds Lane to provide additional storage in Pressure Zone 795 (BCIP 
85). 

Hamilton City 

• Upsize the new 1.0 MG storage tank located north of Broadway Avenue and 6th Street 
to 1.1 MG to provide storage in Hamilton City (see Chapter 8)(CIP A). 

Pipeline improvements to meet head loss and velocity criteria during buildout maximum day 
demand plus fire flow plus fire flow demand conditions (pipeline locations, lengths, and sizes are 
listed on Table 10-2). 

Table 10-2. Recommended Pipelines CIP for Buildout System to 
Meet Maximum Day plus Fire Flow Demands Conditions 

  Diameter, inches CIP 
ID(a) Pressure Zone Description 

Length, 
feet Existing Recommended 

BFF01 350 
Along Thorntree Drive, west 

of Contractors Drive 454 8 12 

BFF02 350 

Mcintosh Avenue from 
discharge side of Dayton 

PRV/PSV station to 
Diamond Avenue 3,545 NA 12 

BFF03 400 

Along Fortress Street 
between Ryan Avenue and 

Crusader Court 289 6 8 
(a) The “BFF” or “BPH” designation in the CIP ID corresponds to buildout fire flow or buildout peak hour 

requirements, respectively. This means the CIP is related to maintaining either the fire flow or peak 
hour criteria. 
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Renewal & Replacement (5 to 25 Years) 

• Groundwater Production Wells2 

— Stations 5, 38, 39, 40, 41, 42, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 58 and 59  

• Well Pumps 

— Chico Stations 3, 7, 9, 12, 14, 15, 17, 18, 19, 20, 24, 26, 28, 31, 32, 34, 37, 38, 39, 
41, 44, 46, 48, 49, 55, 57, 59, 61, 62, 63, 64, 65, 67, 68, 69, 70, 71, 72 

— Hamilton City Stations 1, 2-1 and 2-2 

• Well Pump Motors 

— Chico Stations 3, 7, 9, 12, 14, 15, 16, 17, 21, 28, 31, 34, 35, 37, 38, 41, 44, 48, 57, 
59, 61, 62, 63, 64, 65, 67, 68, 69, 70, 71, 72 

— Hamilton City Stations 1, 2-1 and 2-2 

• Tanks 

— Station 50A Pressurized Tank 
— Station 66 Pressurized Tank 

• Booster Pump Stations 

— Station 16 
— Station 66 A, B, C, D 
— Station 73 A, B 

• SCADA 

— Chico Stations 1, 3, 4, 5, 7, 8, 9, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 37, 38, 39, 40, 41, 42, 44, 45, 46, 47, 
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 
71, 72 and 73 

— Hamilton City Station 1, 2-1 and 2-2 

The locations of the recommended buildout system CIP projects are shown on Figure 10-2. 
Details of the recommended buildout CIP projects are provided in Chapter 9. 

Recommended CIP Costs 

The recommended existing system CIP and the R&R Projects are presented in Table 10-3 and 
Table 10-4, respectively, along with their probable construction costs. The buildout system CIP 
projects are presented in Table 10-5, along with their probable construction costs. As shown, the 
existing system CIP and the five years R&R costs are estimated to be $86.18 million. The 
buildout system and the 5 to 25 years R&R CIP cost are estimated to be $210.21 million. 
                                                 
2 Only includes drilling and developing of new well. Does not include mechanical pumping equipment, electrical 
pumping equipment, land acquisition, building and fencing. 
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Estimated 
Construction Cost

Total CIP Cost (including 
contingency and cost 

allowances)
Estimated Construction 

Cost

Total CIP Cost (including 
contingency and cost 

allowances)
Estimated Construction 

Cost

Total CIP Cost (including 
contingency and cost 

allowances)
Estimated Construction 

Cost

Total CIP Cost (including 
contingency and cost 

allowances)
Estimated Construction 

Cost

Total CIP Cost (including 
contingency and cost 

allowances)

EXISTING CAPITAL IMPROVEMENTS

HC Pipeline Improvement 12-inch diameter, 196 lf FF01 196 lf 36,000$                       55,000$                                
HC Pipeline Improvement 8-inch diameter, 762 lf FF02 762 lf 100,000$                     154,000$                              
HC Pipeline Improvement 12-inch diameter, 515 lf FF03 515 lf 94,000$                       144,000$                              
HC Pipeline Improvement 12-inch diameter, 2892 lf FF04 2892 lf 527,000$                     810,000$                              
HC Pipeline Improvement 12-inch diameter, 630 lf FF05 630 lf 115,000$                     177,000$                              
HC Pipeline Improvement 8-inch diameter, 250 lf FF06 250 lf 33,000$                       51,000$                                
HC Pipeline Improvement 8-inch diameter, 1048 lf FF07 1048 lf 138,000$                     212,000$                              
HC Pipeline Improvement 8-inch diameter, 198 lf FF08 198 lf 26,000$                       40,000$                                
HC Pipeline Improvement 8-inch diameter, 208 lf FF09 208 lf 27,000$                       41,000$                                
HC Pump Station New 6.93 mgd Pump Station CIPA 1,780,000$                  2,734,000$                           
HC Storage Tank New 1.1 MG Storage Tank (b) CIPA 1,142,000$                  1,754,000$                           
350 Pipeline Improvement 8-inch diameter, 645 lf FF10 645 lf 85,000$                       131,000$                              
350 Pipeline Improvement 8-inch diameter, 167 lf FF11 167 lf 22,000$                       34,000$                                
350 Pump Station New 7.49 mgd Pump Station CIP78 1,907,000$                  2,929,000$                           
350 Storage Tank New 2.7 MG Storage Tank CIP78 1,791,000$                  2,751,000$                           
350 Pump Station New 3.24 mgd Pump Station CIP79 978,000$                     1,502,000$                           
350 Storage Tank New 1.0 MG Storage Tank CIP79 1,136,000$                  1,745,000$                           
350 Pump Station New 6.34 mgd Pump Station CIP80 1,646,000$                  2,528,000$                           
350 Storage Tank New 1.0 MG Storage Tank CIP80 1,136,000$                  1,745,000$                           
350 New Pipeline Improvement 8-inch diameter, 840 lf CIP80 840 lf 110,000$                     169,000$                              
350 New Pipeline Improvement 12-inch diameter, 1254 lf CIP80 1254 lf 228,000$                     350,000$                              
350 Pump Station New 4.54 mgd Pump Station CIP81 1,247,000$                  1,915,000$                           
350 Storage Tank New 1.0 MG Storage Tank CIP81 1,136,000$                  1,745,000$                           
350 New Pipeline Improvement 12-inch diameter, 8004 lf CIP81 8004 lf 1,457,000$                  2,238,000$                           
350 Auxiliary Power Standby Generator at Stations 54, 71 and 75 CIP108 543,000$                     834,000$                              
400 Pump Station New 7.53 mgd Pump Station (c) CIP102 1,916,000$                  2,943,000$                           
400 Storage Tank New 1.2 MG Storage Tank (d) CIP102 1,148,000$                  1,763,000$                           
795 Upgrade Pump Station Pump Station Upgrade CIP66 755,000$                     1,160,000$                           1,160,000$                     

21,259,000$               32,654,000$                         -$                               -$                                      -$                               -$                                    -$                               -$                                    -$                               -$                                    32,654,000$                   
4,252,000$                  -$                               -$                               -$                               -$                               

25,511,000$               -$                               -$                               -$                               -$                               
2,551,000$                  -$                               -$                               -$                               -$                               
2,551,000$                  -$                               -$                               -$                               -$                               
2,041,000$                  -$                               -$                               -$                               -$                               

32,654,000$               -$                               -$                               -$                               -$                               

(a)  Costs shown based on May 2008 dollars and an ENR CCI of 8,141 (20 Cities Average).
(b)  1.0 MG storage tank is required to meet the storage capacity under existing condition, and the remaining 0.1 MG storage tank is required to meet the storage capacity under buildout condition.
(c)  6.84 mgd pump station is required under existing condition, and additional 0.69 mgd (7.53 mgd - 6.84 mgd) pumping capacity is required under buildout condition.
(d)  1.0 MG storage tank is required to meet the storage capacity under existing condition, and the remaining 0.2 MG storage tank is required to meet the storage capacity under buildout condition.

4,706,000$                     

20,616,000$                   

3.24 mgd

6.34 mgd

4.54 mgd

1.2 MG

3

1.0 MG

1.0 MG

1.0 MG

6.93 mgd
1.1 MG

7.49 mgd
2.7 MG

Pressure Zone Improvement Type Improvement Description CIP ID

2021 - 2025

Total Cost for Existing 
and Future CIP by 

Pressure Zone

2026 - Buildout2016 - 2020

2.44mgd

2008-2010

Quantity

7.53 mgd

6,172,000$                     

Table 10-3.  Summary of Probable Construction Costs for Existing CIP(a)

Construction Management (10%)
Program Implementation (8%)

Total CIP Cost

Totals
Construction Contingency (20%)

Total Construction Cost
Engineering (10%)

2011 - 2015
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Estimated Construction 
Cost

Total CIP Cost (including 
contingency and cost 

allowances)
Estimated Construction 

Cost

Total CIP Cost (including 
contingency and cost 

allowances)
Estimated Construction 

Cost

Total CIP Cost (including 
contingency and cost 

allowances)
Estimated Construction 

Cost

Total CIP Cost (including 
contingency and cost 

allowances)
Estimated Construction 

Cost

Total CIP Cost (including 
contingency and cost 

allowances)

0 to 5 YEARS RENEWAL AND REPLACEMENT
350 Renewal and Replacement Replace Station 1 Well R&R-STA1 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 3 Well R&R-STA3 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 4 Well R&R-STA4 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 7 Well R&R-STA7 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 8 Well R&R-STA8 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 9 Well R&R-STA9 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 11 Well R&R-STA11 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 12 Well R&R-STA12 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 13 Well R&R-STA13 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 14 Well R&R-STA14 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 15 Well R&R-STA15 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 16 Well R&R-STA16 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 17 Well R&R-STA17 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 18 Well R&R-STA18 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 19 Well R&R-STA19 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 20 Well R&R-STA20 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 21 Well R&R-STA21 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 22 Well R&R-STA22 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 23 Well R&R-STA23 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 24 Well R&R-STA24 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 25 Well R&R-STA25 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 26 Well R&R-STA26 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 27 Well R&R-STA27 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 28 Well R&R-STA28 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 29 Well R&R-STA29 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 30 Well R&R-STA30 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 31 Well R&R-STA31 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 32 Well R&R-STA32 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 34 Well R&R-STA34 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 35 Well R&R-STA35 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 1 Well Pump and Motor R&R-STA1 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 4 Well Pump and Motor R&R-STA4 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 5 Well Pump and Motor R&R-STA5 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 8 Well Pump and Motor R&R-STA8 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 11 Well Pump and Motor R&R-STA11 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 16 Well Pump R&R-STA16 12,000$                           18,400$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 18 Well Motor R&R-STA18 12,000$                           18,400$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 19 Well Motor R&R-STA19 12,000$                           18,400$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 20 Well Motor R&R-STA20 12,000$                           18,400$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 21 Well Pump R&R-STA21 12,000$                           18,400$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 22 Well Pump and Motor R&R-STA22 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 23 Well Pump and Motor R&R-STA23 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 24 Well Motor R&R-STA24 12,000$                           18,400$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 25 Well Pump and Motor R&R-STA25 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 26 Well Motor R&R-STA26 -$                                 -$                                      -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 27 Well Pump and Motor R&R-STA27 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 29 Well Pump and Motor R&R-STA29 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 30 Well Pump and Motor R&R-STA30 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 32 Well Motor R&R-STA32 -$                                 -$                                      -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 35 Well Pump R&R-STA35 12,000$                           18,400$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 39 Well Motor R&R-STA39 -$                                 -$                                      -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 40 Well Pump and Motor R&R-STA40 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 42 Well Pump and Motor R&R-STA42 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 46 Well Motor R&R-STA46 12,000$                           18,400$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 47 Well Pump and Motor R&R-STA47 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 49 Well Motor R&R-STA49 12,000$                           18,400$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 51 Well Pump and Motor R&R-STA51 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     

48,496,000$                   

(a)

(a)

(a)

each
each
each
each
each
each

each
each

each

each
each
each
each

each
each
each

each

Pressure Zone Improvement Type Improvement Description CIP ID

Total Cost for Existing 
and Future CIP by 

Pressure Zone

2026 - Buildout2016 - 20202011 - 20152008-2010

Quantity

2021 - 2025

each

each
each
each

each

Table 10-4.  Summary of Probable Construction Costs for Renewal and Replacement CIP
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Estimated Construction 
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Estimated Construction 
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Quantity

2021 - 2025

350 Renewal and Replacement Replace Station 52 Well Pump and Motor R&R-STA52 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 53 Well Pump and Motor R&R-STA53 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 54 Well Pump and Motor R&R-STA54 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 55 Well Motor R&R-STA55 12,000$                           18,400$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 56 Well Pump and Motor R&R-STA56 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 58 Well Pump and Motor R&R-STA58 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 1 Tanks R&R-STA1 300,000$                         460,800$                              -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 3 Tank R&R-STA3 300,000$                         460,800$                              -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 8 Tank R&R-STA8 300,000$                         460,800$                              -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 16 Booster Pump Motor R&R-STA16 12,000$                           18,400$                                -$                                      -$                                     -$                                     -$                                     
350 Renewal and Replacement Install SCADA at Station 24 R&R-STA24 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
350 Renewal and Replacement Install SCADA at Station 49 R&R-STA49 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
350 Renewal and Replacement Install SCADA at Station 53 R&R-STA53 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
350 Renewal and Replacement Install SCADA at Station 68 R&R-STA68 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
350 Renewal and Replacement Install SCADA at Station 69 R&R-STA69 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
350 Renewal and Replacement Install SCADA at Station 71 R&R-STA71 5,200$                             8,000$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
400 Renewal and Replacement Replace Station 44 Well R&R-STA44 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
400 Renewal and Replacement Replace Station 44 Pressure Tank R&R-STA44 100,000$                         153,600$                              -$                                      -$                                     -$                                     -$                                     
400 Renewal and Replacement Install SCADA at Station 44 R&R-STA44 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
400 Renewal and Replacement Install SCADA at Station 64 R&R-STA64 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
475 Renewal and Replacement Replace Station 33 Well R&R-STA33 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
475 Renewal and Replacement Replace Station 33 Well Pump and Motor R&R-STA33 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
475 Renewal and Replacement Replace Station 50 Well Pump and Motor R&R-STA50 24,000$                           36,900$                                -$                                      -$                                     -$                                     -$                                     
475 Renewal and Replacement Replace Station 50 Booster Pump R&R-STA50 12,000$                           18,400$                                -$                                      -$                                     -$                                     -$                                     
475 Renewal and Replacement Install SCADA at Station 33 R&R-STA33 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
475 Renewal and Replacement Install SCADA at Station 65 R&R-STA65 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
475 Renewal and Replacement Install SCADA at Station 67 R&R-STA67 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
475 Renewal and Replacement Install SCADA at Station 70 R&R-STA70 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
475 Renewal and Replacement Install SCADA at Station 72 R&R-STA72 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
795 Renewal and Replacement Install SCADA at Station 66D R&R-STA66 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     15,000$                          
HC Renewal and Replacement Replace Station 1 Well R&R-STA1 1,000,000$                      1,536,000$                           -$                                      -$                                     -$                                     -$                                     
HC Renewal and Replacement Install SCADA at Station 1 R&R-STA1 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
HC Renewal and Replacement Install SCADA at Station 2-1 R&R-STA2-1 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     
HC Renewal and Replacement Install SCADA at Station 2-2 R&R-STA2-2 5,000$                             7,700$                                  -$                                      -$                                     5,000$                            7,700$                                 -$                                     

5 TO 25 YEARS RENEWAL AND REPLACEMENT

350 Renewal and Replacement Replace Station 5 Well R&R-STA5 -$                                      -$                                      1,000,000$                    1,536,000$                          -$                                     -$                                     
350 Renewal and Replacement Replace Station 38 Well R&R-STA38 -$                                      1,000,000$                    1,536,000$                           -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 39 Well R&R-STA39 -$                                      1,000,000$                    1,536,000$                           -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 40 Well R&R-STA40 -$                                      1,000,000$                    1,536,000$                           -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 41 Well R&R-STA41 -$                                      1,000,000$                    1,536,000$                           -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 42 Well R&R-STA42 -$                                      1,000,000$                    1,536,000$                           -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 46 Well R&R-STA46 -$                                      -$                                      1,000,000$                    1,536,000$                          -$                                     -$                                     
350 Renewal and Replacement Replace Station 47 Well R&R-STA47 -$                                      -$                                      1,000,000$                    1,536,000$                          -$                                     -$                                     
350 Renewal and Replacement Replace Station 48 Well R&R-STA48 -$                                      -$                                      1,000,000$                    1,536,000$                          -$                                     -$                                     
350 Renewal and Replacement Replace Station 49 Well R&R-STA49 -$                                      -$                                      1,000,000$                    1,536,000$                          -$                                     -$                                     
350 Renewal and Replacement Replace Station 51 Well R&R-STA51 -$                                      -$                                      -$                                     1,000,000$                    1,536,000$                          -$                                     
350 Renewal and Replacement Replace Station 52 Well R&R-STA52 -$                                      -$                                      -$                                     1,000,000$                    1,536,000$                          -$                                     
350 Renewal and Replacement Replace Station 53 Well R&R-STA53 -$                                      -$                                      -$                                     1,000,000$                    1,536,000$                          -$                                     
350 Renewal and Replacement Replace Station 54 Well R&R-STA54 -$                                      -$                                      -$                                     1,000,000$                    1,536,000$                          -$                                     
350 Renewal and Replacement Replace Station 55 Well R&R-STA55 -$                                      -$                                      -$                                     1,000,000$                    1,536,000$                          -$                                     
350 Renewal and Replacement Replace Station 56 Well R&R-STA56 -$                                      -$                                      -$                                     1,000,000$                    1,536,000$                          -$                                     
350 Renewal and Replacement Replace Station 58 Well R&R-STA58 -$                                      -$                                      -$                                     -$                                     1,000,000$                    1,536,000$                         
350 Renewal and Replacement Replace Station 59 Well R&R-STA59 -$                                      -$                                      -$                                     -$                                     1,000,000$                    1,536,000$                         
350 Renewal and Replacement Replace Station 3 Well Pump and Motor R&R-STA3 -$                                      -$                                      -$                                     24,000$                          36,900$                               -$                                     
350 Renewal and Replacement Replace Station 7 Well Pump and Motor R&R-STA7 -$                                      -$                                      -$                                     24,000$                          36,900$                               -$                                     
350 Renewal and Replacement Replace Station 9 Well Pump and Motor R&R-STA9 -$                                      -$                                      -$                                     24,000$                          36,900$                               -$                                     
350 Renewal and Replacement Replace Station 12 Well Pump and Motor R&R-STA12 -$                                      -$                                      -$                                     24,000$                          36,900$                               -$                                     
350 Renewal and Replacement Replace Station 14 Well Pump and Motor R&R-STA14 -$                                      -$                                      24,000$                          36,900$                               -$                                     -$                                     
350 Renewal and Replacement Replace Station 15 Well Pump and Motor R&R-STA15 -$                                      -$                                      -$                                     24,000$                          36,900$                               -$                                     
350 Renewal and Replacement Replace Station 16 Well Motor R&R-STA16 -$                                      -$                                      -$                                     -$                                     12,000$                         18,400$                               
350 Renewal and Replacement Replace Station 17 Well Pump and Motor R&R-STA17 -$                                      -$                                      -$                                     24,000$                          36,900$                               -$                                     
350 Renewal and Replacement Replace Station 18 Well Pump R&R-STA18 -$                                      -$                                      -$                                     12,000$                          18,400$                               -$                                     
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350 Renewal and Replacement Replace Station 19 Well Pump R&R-STA19 -$                                      -$                                      -$                                     12,000$                          18,400$                               -$                                     
350 Renewal and Replacement Replace Station 20 Well Pump R&R-STA20 -$                                      -$                                      -$                                     12,000$                          18,400$                               -$                                     
350 Renewal and Replacement Replace Station 21 Well Motor R&R-STA21 -$                                      -$                                      12,000$                          18,400$                               -$                                     -$                                     
350 Renewal and Replacement Replace Station 24 Well Pump R&R-STA24 -$                                      -$                                      12,000$                          18,400$                               -$                                     -$                                     
350 Renewal and Replacement Replace Station 26 Well Pump R&R-STA26 -$                                      12,000$                          18,400$                                -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 28 Well Pump and Motor R&R-STA28 -$                                      -$                                      -$                                     24,000$                          36,900$                               -$                                     
350 Renewal and Replacement Replace Station 31 Well Pump and Motor R&R-STA31 -$                                      -$                                      -$                                     24,000$                          36,900$                               -$                                     
350 Renewal and Replacement Replace Station 32 Well Pump R&R-STA32 -$                                      -$                                      -$                                     12,000$                          18,400$                               -$                                     
350 Renewal and Replacement Replace Station 34 Well Pump and Motor R&R-STA34 -$                                      -$                                      -$                                     24,000$                          36,900$                               -$                                     
350 Renewal and Replacement Replace Station 35 Well Motor R&R-STA35 -$                                      -$                                      -$                                     12,000$                          18,400$                               -$                                     
350 Renewal and Replacement Replace Station 37 Well Pump and Motor R&R-STA37 -$                                      -$                                      -$                                     -$                                     24,000$                         36,900$                               
350 Renewal and Replacement Replace Station 38 Well Pump and Motor R&R-STA38 -$                                      -$                                      -$                                     24,000$                          36,900$                               -$                                     
350 Renewal and Replacement Replace Station 39 Well Pump R&R-STA39 -$                                      -$                                      12,000$                          18,400$                               -$                                     -$                                     
350 Renewal and Replacement Replace Station 41 Well Pump and Motor R&R-STA41 -$                                      24,000$                          36,900$                                -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 46 Well Pump R&R-STA46 -$                                      -$                                      12,000$                          18,400$                               -$                                     -$                                     
350 Renewal and Replacement Replace Station 48 Well Pump and Motor R&R-STA48 -$                                      -$                                      -$                                     24,000$                          36,900$                               -$                                     
350 Renewal and Replacement Replace Station 49 Well Pump R&R-STA49 -$                                      -$                                      -$                                     -$                                     12,000$                         18,400$                               
350 Renewal and Replacement Replace Station 55 Well Pump R&R-STA55 -$                                      -$                                      -$                                     -$                                     12,000$                         18,400$                               
350 Renewal and Replacement Replace Station 57 Well Pump and Motor R&R-STA57 -$                                      -$                                      -$                                     -$                                     24,000$                         36,900$                               
350 Renewal and Replacement Replace Station 59 Well Pump and Motor R&R-STA59 -$                                      -$                                      -$                                     24,000$                          36,900$                               -$                                     
350 Renewal and Replacement Replace Station 61 Well Pump and Motor R&R-STA61 -$                                      24,000$                          36,900$                                -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 62 Well Pump and Motor R&R-STA62 -$                                      24,000$                          36,900$                                -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 63 Well Pump and Motor R&R-STA63 -$                                      24,000$                          36,900$                                -$                                     -$                                     -$                                     
350 Renewal and Replacement Replace Station 68 Well Pump and Motor R&R-STA68 -$                                      -$                                      -$                                     24,000$                          36,900$                               -$                                     
350 Renewal and Replacement Replace Station 69 Well Pump and Motor R&R-STA69 -$                                      -$                                      -$                                     24,000$                          36,900$                               -$                                     
350 Renewal and Replacement Replace Station 71 Well Pump and Motor R&R-STA71 -$                                      -$                                      -$                                     -$                                     24,000$                         36,900$                               
350 Renewal and Replacement Install SCADA at Station 1 R&R-STA1 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 3 R&R-STA3 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 4 R&R-STA4 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 5 R&R-STA5 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 7 R&R-STA7 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 8 R&R-STA8 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 9 R&R-STA9 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 11 R&R-STA11 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 12 R&R-STA12 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 13 R&R-STA13 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 14 R&R-STA14 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 15 R&R-STA15 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 16 R&R-STA16 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 17 R&R-STA17 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 18 R&R-STA18 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 19 R&R-STA19 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 20 R&R-STA20 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 21 R&R-STA21 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 22 R&R-STA22 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 23 R&R-STA23 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 25 R&R-STA25 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 26 R&R-STA26 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 27 R&R-STA27 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 28 R&R-STA28 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 29 R&R-STA29 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 30 R&R-STA30 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 31 R&R-STA31 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 32 R&R-STA32 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 34 R&R-STA34 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 35 R&R-STA35 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 37 R&R-STA37 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 38 R&R-STA38 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 39 R&R-STA39 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 40 R&R-STA40 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 41 R&R-STA41 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 42 R&R-STA42 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 45 R&R-STA45 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
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350 Renewal and Replacement Install SCADA at Station 46 R&R-STA46 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 47 R&R-STA47 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 48 R&R-STA48 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 51 R&R-STA51 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 52 R&R-STA52 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 54 R&R-STA54 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 55 R&R-STA55 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 56 R&R-STA56 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 57 R&R-STA57 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 58 R&R-STA58 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 59 R&R-STA59 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 61 R&R-STA61 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 62 R&R-STA62 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
350 Renewal and Replacement Install SCADA at Station 63 R&R-STA63 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
400 Renewal and Replacement Replace Station 44 Well Pump R&R-STA44 -$                                      -$                                      -$                                     -$                                     12,000$                         18,400$                               
400 Renewal and Replacement Replace Station 44 Well Motor R&R-STA44 -$                                      -$                                      -$                                     12,000$                          18,400$                               -$                                     
400 Renewal and Replacement Replace Station 64 Well Pump and Motor R&R-STA64 -$                                      24,000$                          36,900$                                -$                                     -$                                     -$                                     
475 Renewal and Replacement Replace Station 50 Well R&R-STA50 -$                                      -$                                      1,000,000$                    1,536,000$                          -$                                     -$                                     
475 Renewal and Replacement Replace Station 65 Well Pump and Motor R&R-STA65 -$                                      24,000$                          36,900$                                -$                                     -$                                     -$                                     
475 Renewal and Replacement Replace Station 67 Well Pump and Motor R&R-STA67 -$                                      -$                                      24,000$                          36,900$                               -$                                     -$                                     
475 Renewal and Replacement Replace Station 70 Well Pump and Motor R&R-STA70 -$                                      -$                                      -$                                     -$                                     24,000$                         36,900$                               
475 Renewal and Replacement Replace Station 72 Well Pump and Motor R&R-STA72 -$                                      -$                                      -$                                     -$                                     24,000$                         36,900$                               
475 Renewal and Replacement Replace Station 50 Pressure Tank R&R-STA50 -$                                      -$                                      -$                                     -$                                     100,000$                       153,600$                             
475 Renewal and Replacement Install SCADA at Station 50 R&R-STA50 -$                                      -$                                      5,000$                            7,700$                                 -$                                     5,000$                           7,700$                                 
635 Renewal and Replacement Replace Station 66 Pressure Tank R&R-STA66 -$                                      -$                                      -$                                     100,000$                       153,600$                             -$                                     
635 Renewal and Replacement Replace Station 66 AB Booster Pump R&R-STA66AB -$                                      24,000$                          36,900$                                -$                                     -$                                     -$                                     
635 Renewal and Replacement Replace Station 73 AB Booster Pump R&R-STA73AB -$                                      -$                                      -$                                     -$                                     24,000$                         36,900$                               
635 Renewal and Replacement Install SCADA at Station 73 R&R-STA73 -$                                      5,160$                            7,900$                                  -$                                     5,160$                            7,900$                                 -$                                     
HC Renewal and Replacement Replace Station 1 Well Pump R&R-STA1 -$                                      -$                                      12,000$                          18,400$                               -$                                     -$                                     
HC Renewal and Replacement Replace Station 2-1 Well Pump R&R-STA2-1 -$                                      -$                                      12,000$                          18,400$                               -$                                     -$                                     
HC Renewal and Replacement Replace Station 2-2 Well Pump R&R-STA2-2 -$                                      -$                                      -$                                     12,000$                          18,400$                               -$                                     

34,757,200$                    53,390,000$                         5,185,000$                    7,960,000$                           6,380,000$                    9,800,000$                          6,610,000$                    10,150,000$                        2,552,000$                    3,920,000$                         85,230,000$                   
6,951,000$                      1,037,000$                    1,276,000$                    1,322,000$                    510,000$                       

41,708,200$                    6,222,000$                    7,656,000$                    7,932,000$                    3,062,000$                    
4,171,000$                      622,000$                       766,000$                       793,000$                       306,000$                       
4,171,000$                      622,000$                       766,000$                       793,000$                       306,000$                       
3,340,000$                      498,000$                       612,000$                       635,000$                       245,000$                       

53,390,000$                    7,960,000$                    9,800,000$                    10,150,000$                  3,920,000$                    

(a)  Cost has been allocated by Cal Water in their Draft Preliminary Advance GRC Capital Budget (2007 to 2009).
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BUILDOUT CAPITAL IMPROVEMENTS
350 Pipeline Improvement 12-inch diameter, 454 lf BFF01 454 lf -$                                      -$                                      68,900$                           106,000$                             -$                                     -$                                    
350 Pipeline Improvement 12-inch diameter, 3,545 lf BFF02 3545 lf -$                                      -$                                      537,800$                         826,000$                             -$                                     -$                                    
350 New Pipeline 8-inch diameter, 29,365 lf Group A 29365 lf -$                                      -$                                      3,266,700$                      5,018,000$                          -$                                     -$                                    
350 New Pipeline 12-inch diameter, 36,708 lf Group A 36708 lf -$                                      -$                                      5,568,400$                      8,553,000$                          -$                                     -$                                    
350 New Pipeline 8-inch diameter, 27,285 lf Group B 27285 lf -$                                      -$                                      -$                                     3,035,300$                     4,662,000$                          -$                                    
350 New Pipeline 12-inch diameter, 41,403 lf Group B 41403 lf -$                                      -$                                      -$                                     6,280,700$                     9,647,000$                          -$                                    
350 New Pipeline 16-inch diameter, 6,588 lf Group B 6588 lf -$                                      -$                                      -$                                     1,265,900$                     1,944,000$                          -$                                    
350 New Pipeline 8-inch diameter, 1,174 lf Group C 1174 lf -$                                      -$                                      130,600$                         201,000$                             -$                                     -$                                    
350 New Pipeline 12-inch diameter, 10,758 lf Group C 10758 lf -$                                      -$                                      1,631,900$                      2,507,000$                          -$                                     -$                                    
350 New Pipeline 8-inch diameter, 2,709 lf Group F 2709 lf -$                                      -$                                      301,400$                         463,000$                             -$                                     -$                                    
350 New Pipeline 12-inch diameter, 13,004 lf Group F 13004 lf -$                                      -$                                      1,972,700$                      3,030,000$                          -$                                     -$                                    
350 New Pipeline 8-inch diameter, 12,901 lf Group G 12901 lf -$                                      -$                                      1,435,200$                      2,204,000$                          -$                                     -$                                    
350 New Pipeline 12-inch diameter, 7,815 lf Group G 7815 lf -$                                      -$                                      1,185,500$                      1,821,000$                          -$                                     -$                                    
350 New Pipeline 16-inch diameter, 67 lf Group G 67 lf -$                                      -$                                      12,900$                           20,000$                               -$                                     -$                                    
350 New Pipeline 12-inch diameter, 15,272 lf Group H 15272 lf -$                                      -$                                      -$                                     -$                                     2,316,700$                      3,558,000$                          
350 New Pipeline 12-inch diameter, 483 lf Group I 483 lf -$                                      -$                                      -$                                     -$                                     73,300$                           113,000$                             
350 New Pipeline 8-inch diameter, 1,938 lf Group J 1938 lf -$                                      -$                                      215,600$                         331,000$                             -$                                     -$                                    
350 New Pipeline 12-inch diameter, 5,484 lf Group J 5484 lf -$                                      -$                                      831,900$                         1,278,000$                          -$                                     -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP89W -$                                      -$                                      -$                                     1,517,000$                     2,330,000$                          -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP86W -$                                      -$                                      -$                                     1,517,000$                     2,330,000$                          -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP90W -$                                      -$                                      1,517,000$                      2,330,000$                          -$                                     -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP91W -$                                      -$                                      1,517,000$                      2,330,000$                          -$                                     -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP92W -$                                      -$                                      1,517,000$                      2,330,000$                          -$                                     -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP93W -$                                      -$                                      1,517,000$                      2,330,000$                          -$                                     -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP94W -$                                      -$                                      1,517,000$                      2,330,000$                          -$                                     -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP87W -$                                      -$                                      -$                                     1,517,000$                     2,330,000$                          -$                                    
350 Groundwater Well 2.66 mgd Groundwater Well BCIP88W -$                                      -$                                      -$                                     1,517,000$                     2,330,000$                          -$                                    
350 Storage Tank New 1.0 MG Storage Tank BCIP80 -$                                      -$                                      1,135,700$                      1,744,000$                          -$                                     -$                                    
350 Storage Tank New 1.0 MG Storage Tank BCIP81 -$                                      -$                                      -$                                     -$                                     1,213,600$                      1,864,000$                          
350 Storage Tank New 1.0 MG Storage Tank BCIP79 -$                                      -$                                      1,135,700$                      1,744,000$                          -$                                     -$                                    
350 Storage Tank New 3.0 MG Storage Tank BCIP106 2,270,400$                     3,487,000$                          -$                                    
350 Pump Station New 8.0 mgd Pump Station BCIP106 2,022,800$                     3,107,000$                          -$                                    
350 Storage Tank New 3.0 MG Storage Tank BCIP107 -$                                     2,270,400$                      3,487,000$                          
350 Pump Station New 8.0 mgd Pump Station BCIP107 -$                                     2,022,800$                      3,107,000$                          
400 Pipeline Improvement 8-inch diameter, 289 lf BFF03 289 lf -$                                      -$                                      32,100$                           49,000$                               -$                                     -$                                    
400 New Pipeline 12-inch diameter, 2,418 lf Group B 2418 lf -$                                      -$                                      -$                                     366,800$                        563,000$                             -$                                    
475 New Pipeline 12-inch diameter, 3,586 lf Group C 3586 lf -$                                      -$                                      544,000$                         836,000$                             -$                                     -$                                    
475 New Pipeline 12-inch diameter, 3,826 lf Group D 3826 lf -$                                      -$                                      -$                                     -$                                     580,400$                         891,000$                             
475 New Pipeline 8-inch diameter, 835 lf Group E 835 lf -$                                      -$                                      -$                                     92,900$                          143,000$                             -$                                    
475 New Pipeline 12-inch diameter, 21,563 lf Group E 21563 lf -$                                      -$                                      -$                                     3,271,000$                     5,024,000$                          -$                                    
475 New Pipeline 16-inch diameter, 6,702 lf Group E 6702 lf -$                                      -$                                      -$                                     1,287,800$                     1,978,000$                          -$                                    
475 New Pipeline 8-inch diameter, 2,968 lf Group F 2968 lf -$                                      -$                                      330,200$                         507,000$                             -$                                     -$                                    
475 New Pipeline 12-inch diameter, 10,771 lf Group F 10771 lf -$                                      -$                                      1,633,900$                      2,510,000$                          -$                                     -$                                    
475 New Pipeline 8-inch diameter, 7,442 lf Group G 7442 lf -$                                      -$                                      827,900$                         1,272,000$                          -$                                     -$                                    
475 New Pipeline 12-inch diameter, 13,199 lf Group G 13199 lf -$                                      -$                                      2,002,200$                      3,075,000$                          -$                                     -$                                    
475 Storage Tank New 2.1 MG Storage Tank BCIP82 -$                                      -$                                      -$                                     1,759,800$                     2,703,000$                          -$                                    
570 New Pipeline 12-inch diameter, 56,092 lf Group I 56092 lf -$                                      -$                                      -$                                     -$                                     8,508,900$                      13,070,000$                        
570 New Pipeline 16-inch diameter, 20,733 lf Group I 20733 lf -$                                      -$                                      -$                                     -$                                     3,983,800$                      6,119,000$                          
570 Pressure Reducing Station Pressure Reducing Station -$                                      -$                                      -$                                     -$                                     38,800$                           60,000$                               
570 Groundwater Well 1.87 mgd Groundwater Well BCIP95W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Groundwater Well 2.38 mgd Groundwater Well BCIP96W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Groundwater Well 2.38 mgd Groundwater Well BCIP100W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Groundwater Well 2.38 mgd Groundwater Well BCIP101W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Groundwater Well 2.38 mgd Groundwater Well BCIP97W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Groundwater Well 2.38 mgd Groundwater Well BCIP98W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Groundwater Well 2.38 mgd Groundwater Well BCIP99W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Groundwater Well 1.87 mgd Groundwater Well BCIP104W -$                                      -$                                      -$                                     -$                                     1,517,000$                      2,330,000$                          
570 Storage Tank New 2.5 MG Storage Tank BCIP83A -$                                      -$                                      1,780,400$                      2,735,000$                          -$                                     1,780,400$                      2,735,000$                          
570 Pump Station New 7.5 mgd Pump Station BCIP83APS -$                                      -$                                      1,909,300$                      2,933,000$                          -$                                     1,909,300$                      2,933,000$                          
570 Storage Tank New 2.5 MG Storage Tank BCIP83C -$                                      -$                                      1,780,400$                      2,735,000$                          -$                                     1,780,400$                      2,735,000$                          
570 Pump Station New 7.5 mgd Pump Station BCIP83CPS -$                                      -$                                      1,909,300$                      2,933,000$                          -$                                     1,909,300$                      2,933,000$                          
635 New Pipeline 8-inch diameter, 273 lf Group D 273 lf -$                                      -$                                      -$                                     -$                                     30,400$                           47,000$                               
635 New Pipeline 12-inch diameter, 5,039 lf Group D 5039 lf -$                                      -$                                      -$                                     -$                                     764,400$                         1,174,000$                          
635 New Pipeline 8-inch diameter, 9,686 lf Group E 9686 lf -$                                      -$                                      -$                                     1,077,500$                     1,655,000$                          -$                                    
635 New Pipeline 12-inch diameter, 5,541 lf Group E 5541 lf -$                                      -$                                      -$                                     840,500$                        1,291,000$                          -$                                    
635 Storage Tank New 1.2 MG Storage Tank BCIP84 -$                                      -$                                      -$                                     1,148,100$                     1,764,000$                          -$                                    
635 Pump Station New 3.17 mgd Pump Station BCIP103PS -$                                      -$                                      -$                                     963,500$                        1,481,000$                          -$                                    
795 New Pipeline 8-inch diameter, 4,654 lf Group D 4654 lf -$                                      -$                                      -$                                     -$                                     517,700$                         795,000$                             
795 New Pipeline 12-inch diameter, 10,733 lf Group D 10733 lf -$                                      -$                                      -$                                     -$                                     1,628,100$                      2,501,000$                          
795 New Pipeline 16-inch diameter, 355 lf Group D 355 lf -$                                      -$                                      -$                                     -$                                     68,200$                           105,000$                             
795 Storage Tank New 1.3 MG Storage Tank BCIP85 -$                                      -$                                      -$                                     -$                                     1,154,300$                      1,773,000$                          

-$                                 -$                                      -$                               -$                                      39,766,000$                    61,081,000$                        31,751,000$                   48,769,000$                        44,687,000$                    68,640,000$                        178,490,000$                   
-$                                 -$                               7,953,000$                      6,350,000$                     8,937,000$                      
-$                                 -$                               47,719,000$                    38,101,000$                   53,624,000$                    
-$                                 -$                               4,772,000$                      3,810,000$                     5,362,000$                      
-$                                 -$                               4,772,000$                      3,810,000$                     5,362,000$                      

-$                                 -$                               3,818,000$                      3,048,000$                     4,290,000$                      
-$                                 -$                               61,081,000$                    48,769,000$                   68,640,000$                    

(a)  Costs shown based on May 2008 dollars and an ENR CCI of 8141 (20 Cities Average).
(b)  Cal Water funds all supply related improvements. All other improvements are typically funded by development community.

1.0 MG
1.0 MG

2.66 mgd

3.0 MG
8.0 mgd

8.0 mgd

2.5 MG

Total Cost for Existing and
Future CIP by Pressure 

Zone

612,000$                      

18,939,000$                 

7,412,000$                   

60,561,000$                 

85,792,000$                     

5,174,000$                   

Table 10-5.  Summary of Probable Construction Costs for Buildout CIP(a)

2008-2010

Quantity

2021 - 2025 2026 - Buildout2016 - 20202011 - 2015

Pressure Zone Improvement Type (b)

Construction Management (10%)

Program Implementation (8%)
Total CIP Cost

Totals
Construction Contingency (20%)

Total Construction Cost
Engineering (10%)

Improvement Description CIP ID

2.66 mgd
2.66 mgd

2.66 mgd

1.0 MG

2.66 mgd
2.66 mgd
2.66 mgd

2.66 mgd
2.66 mgd

3.0 MG

2.38 mgd
2.38 mgd

1.87 mgd
3

2.1 MG

2.38 mgd

2.38 mgd

3.17 mgd

1.3 MG

2.5 MG
7.5 mgd

1.2 MG

1.87 mgd

2.38 mgd
2.38 mgd

7.5 mgd

West Yost Associates
o:\c\436\02-06-03\ENG\t05\Chico T10-3.xls
Last Revised:  01/14/08

California Water Service Company
Chico-Hamilton City District
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Recommended CIP by Project Types 

A summary of the costs of the recommended CIP by project type and location is provided in 
Table 10-6. As shown in Table 10-6, the total estimated recommended CIP and R&R cost for 
Chico system is $288.58 million and the total estimated recommended CIP and R&R cost for the 
Hamilton City system is $7.81 million. 

Table 10-6. Estimated Cost of Recommended CIP by Project Type and Location 

 Existing System CIP and R&R 
Projects(a) 

Future System CIP and R&R 
Projects(b) 

CIP/R&R Project Type Chico Hamilton City Chico Hamilton City 

Pipelines $2.93 million $1.68 million $89.89 million - 

Storage Facilities $9.75  million $1.75 million $29.51 million - 

Pump Stations $12.97 million $2.74 million $19.43 million - 

Emergency Generators $0.83 million - - - 

Pressure Reducing Stations - - $0.06 million - 

Groundwater Wells - - $39.61 million - 

Total CIP Cost $26.48 million $6.17 million $178.50 million $0 

R&R Groundwater Wells $49.15 million $1.54 million $29.18 million - 

R&R Pump Facilities $1.03 million - $1.35 million $0.05 million 

R&R Storage Facilities $1.54 million - $0.31 million - 

R&R SCADA $0.22 million $0.05 million $0.82 million - 

Total R&R Cost $51.94 million $1.59 million $31.66 million $0.05 million 

$78.42 million $7.76 million $210.16 million $0.05 million 
Total 

$86.18 million $210.21 million 
(a) Includes 0 to 5 Years R&R. 
(b) Includes 5 to 25 Years R&R. 
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CAPITAL IMPROVEMENT PROGRAM IMPLEMENTATION 

As shown in Tables 10-3 and 10-5, several improvement projects are recommended for the 
existing system and the buildout system. The recommended improvements for the existing 
system should be completed within the next five years. Figure 10-3 presents a five-year schedule 
starting in 2008 for the construction of the recommended capital improvement projects to 
eliminate deficiencies in the existing system.  

The construction of the improvements for the buildout system should be coordinated with the 
proposed schedules of future development to ensure that the required infrastructure will be in 
place to serve future customers. However, they are based on addressing deficiencies in fire 
flows, emergency storage, or reliability issues, and therefore should be completed in the next 10 
years. As illustrated on Figures 10-3 and 10-4, all the required improvements are shown to be 
completed by end of 2030 (includes R&R recommendations). 

For the pump station upgrades, probable construction costs have been estimated based on the 
ultimate, additional pumping capacity required. For each of the pump station upgrades, and the 
other recommended improvements, costs should be appropriately allocated to existing and/or 
future users, as shown in Tables 10-3 and 10-5. 
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FIGURE 10-2

California Water Service Company
Chico - Hamilton City District Water
Supply and Facilities Master Plan
BUILDOUT IMPROVEMENTS
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0 0.5 10.25

Scale in Miles

’ New Booster Pump Station

’ New Pumped Storage

’ New Groundwater Well

’ New Gravity Tanks
!!8 5 to 25 Years R&R
! ( New Closed Gate Valve
"b New Pressure Reducing Station

Existing Pipes
Recommended New Pipeline
Recommended Pipeline Replacement
CIP Development Area

o:
\c

\4
36

\0
2-

06
-0

3\
G

IS
\W

M
P\

C
h1

0\
Fi

gu
re

 1
0-

2_
C

W
S

5-
25

C
IP

.m
xd

   
   

NOTES:

LEGEND:

A

*** Public Version



Public Version



Public Version



 

 

 

APPENDIX A 
Chico and Hamilton City Population Estimates 
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Assigned Revenue Class City of Chico Existing Land Use Designation

Single_Family
Single_FamilySingle_Family

Singlefamily_w/2nd Unit
Multi-Family_Res

Manufactured_Home_Park
Retail_Trade

Services
Industrial Manufacturing_Processing

Public/quasi public services
Med_Services

Education_Assembly
Common_Area

School
Parks

Recreation
Agricultural
Open space

Water_Drainage
Railroad

Undetermined
Vacant

Table B-1. Conversion of Existing Landuse Designations

Vacant

Residential

Multiple Residences

Commercial

Government

Partially Served

Open Space/Agriculture

West Yost Associates
o:\c\436\02-06-03\e\01\waterdemands\landuseconversion
Last Revised:  06/01/06

California Water Service Company
Chico-Hamilton City District

 Water Supply and Facilities Master Plan

Public Version



Assigned Revenue Class Acronym/Designation Description
RR_OSEC/S Rural Residential & Preserve
VLDR_none Very Low Density Residential

VLDR_OSEC/S Very Low Density Residential & Preserve
LDR_MHDR Low Density & Medium High Density Residential

LDR_none Low Density Residential
LDR_OSEC/S Low Density Residential & Preserve
Single_Family Single_Family

Single_FamilySingle_Family Single_FamilySingle_Family
Singlefamily_w/2nd Unit Singlefamily_w/2nd Unit

Manufactured_Home_Park Manufactured Home Park
MDR_MHDR Medium & Medium High Density Residential

MDR_none Medium Density Residential
MDR_OSEC/S Medium Density Residential & Preserve
MHDR_none Medium High Density Residential

MHDR_OSEC/S Medium High Density Residential & Preserve
Multi-Family_Res Multiple Family Residential

HDR_none High Density Residential
HDR_OSEC/S High Density Residential & Preserve

CC_HDR Community Commercial & High Density Residential
CC_none Community Commercial
CC_OFF Community Commercial & Offices
CS_none Commercial Services
D_none Downtown

IP_OSEC/S Industrial Park & Preserve
MUNC_none Mixed Use Neighborhood Core
Retail_Trade Retail Trade

Services Services
OFF_none Offices

M&W_none Manufacturing and Warehousing
M&W_OSEC/S Manufacturing and Warehousing & Preserve

Manufacturing_Processing Manufactoring Processing
Common_Area Common Area

Education_Assembly Education Assembly
Med_Services Medical Services
PF&S_none Public Facilities & Services

Public/quasi public services Public/quasi public services
School School
P_none Parks
Parks Parks

Recreation Recreation
CG_none Creekside Greenways

OSA/RM_none Open Space for Agriculture/Resource Management
OSEC/S_none Open Space for Environmental Conservation/Safety

Railroad Railroad
Water_Drainage Water_Drainage

Table B-2. Conversion of Future Landuse Designations

Government

Industrial

Commercial

Open Space/Agriculture

Not Served

Multiple Residences

Residential

West Yost Associates
o:\c\436\02-06-03\e\01\waterdemands\landuseconversion
Last Revised:  06/01/06

California Water Service Company
Chico-Hamilton City District

 Water Supply and Facilities Master Plan
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Diurnal Curves for Chico-Hamilton City District Pressure Zones 
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Capital Cost$31,800,000per ProjectCapital Cost$6,400,000per ProjectCapital Cost$6,600,000per ProjectCapital Cost$5,900,000per ProjectCapital Cost$2,900,000per Project
Depreciation Period40YearsDepreciation Period40YearsDepreciation Period40YearsDepreciation Period40YearsDepreciation Period40Years
Quantity1Quantity1Quantity1Quantity1Quantity1
Revenue Requirement Rate13.0%Revenue Requirement Rate13.0%Revenue Requirement Rate13.0%Revenue Requirement Rate13.0%Revenue Requirement Rate13.0%

YearDepreciation 
YearRate Base ValueRevenue 

Requirement
Depreciation 

Cost

Total Annual 
Customer 

Expenditure

Depreciation 
YearRate Base ValueRevenue 

Requirement
Depreciation 

Cost

Total Annual 
Customer 

Expenditure

Depreciation 
Year

Rate Base 
Value

Revenue 
Requirement

Depreciation 
Cost

Total Annual 
Customer 

Expenditure

Depreciation 
Year

Rate Base 
Value

Revenue 
Requirement

Depreciation 
Cost

Total Annual 
Customer 

Expenditure

Depreciation 
Year

Rate Base 
Value

Revenue 
Requirement

Depreciation 
Cost

Total Annual 
Customer 

Expenditure
20051$31,800,000$4,134,000$795,000$4,929,000
20062$31,005,000$4,030,650$795,000$4,825,650
20073$30,210,000$3,927,300$795,000$4,722,300
20084$29,415,000$3,823,950$795,000$4,618,950
20095$28,620,000$3,720,600$795,000$4,515,600
20106$27,825,000$3,617,250$795,000$4,412,250
20117$27,030,000$3,513,900$795,000$4,308,9001$6,400,000$832,000$160,000$992,000
20128$26,235,000$3,410,550$795,000$4,205,5502$6,240,000$811,200$160,000$971,200
20139$25,440,000$3,307,200$795,000$4,102,2003$6,080,000$790,400$160,000$950,400
201410$24,645,000$3,203,850$795,000$3,998,8504$5,920,000$769,600$160,000$929,600
201511$23,850,000$3,100,500$795,000$3,895,5005$5,760,000$748,800$160,000$908,800
201612$23,055,000$2,997,150$795,000$3,792,1506$5,600,000$728,000$160,000$888,0001$6,600,000$858,000$165,000$1,023,000
201713$22,260,000$2,893,800$795,000$3,688,8007$5,440,000$707,200$160,000$867,2002$6,435,000$836,550$165,000$1,001,550
201814$21,465,000$2,790,450$795,000$3,585,4508$5,280,000$686,400$160,000$846,4003$6,270,000$815,100$165,000$980,100
201915$20,670,000$2,687,100$795,000$3,482,1009$5,120,000$665,600$160,000$825,6004$6,105,000$793,650$165,000$958,650
202016$19,875,000$2,583,750$795,000$3,378,75010$4,960,000$644,800$160,000$804,8005$5,940,000$772,200$165,000$937,200
202117$19,080,000$2,480,400$795,000$3,275,40011$4,800,000$624,000$160,000$784,0006$5,775,000$750,750$165,000$915,7501$5,900,000$767,000$147,500$914,500
202218$18,285,000$2,377,050$795,000$3,172,05012$4,640,000$603,200$160,000$763,2007$5,610,000$729,300$165,000$894,3002$5,752,500$747,825$147,500$895,325
202319$17,490,000$2,273,700$795,000$3,068,70013$4,480,000$582,400$160,000$742,4008$5,445,000$707,850$165,000$872,8503$5,605,000$728,650$147,500$876,150
202420$16,695,000$2,170,350$795,000$2,965,35014$4,320,000$561,600$160,000$721,6009$5,280,000$686,400$165,000$851,4004$5,457,500$709,475$147,500$856,975
202521$15,900,000$2,067,000$795,000$2,862,00015$4,160,000$540,800$160,000$700,80010$5,115,000$664,950$165,000$829,9505$5,310,000$690,300$147,500$837,800
202622$15,105,000$1,963,650$795,000$2,758,65016$4,000,000$520,000$160,000$680,00011$4,950,000$643,500$165,000$808,5006$5,162,500$671,125$147,500$818,6251$2,900,000$377,000$72,500$449,500
202723$14,310,000$1,860,300$795,000$2,655,30017$3,840,000$499,200$160,000$659,20012$4,785,000$622,050$165,000$787,0507$5,015,000$651,950$147,500$799,4502$2,827,500$367,575$72,500$440,075
202824$13,515,000$1,756,950$795,000$2,551,95018$3,680,000$478,400$160,000$638,40013$4,620,000$600,600$165,000$765,6008$4,867,500$632,775$147,500$780,2753$2,755,000$358,150$72,500$430,650
202925$12,720,000$1,653,600$795,000$2,448,60019$3,520,000$457,600$160,000$617,60014$4,455,000$579,150$165,000$744,1509$4,720,000$613,600$147,500$761,1004$2,682,500$348,725$72,500$421,225
203026$11,925,000$1,550,250$795,000$2,345,25020$3,360,000$436,800$160,000$596,80015$4,290,000$557,700$165,000$722,70010$4,572,500$594,425$147,500$741,9255$2,610,000$339,300$72,500$411,800

27$11,130,000$1,446,900$795,000$2,241,90021$3,200,000$416,000$160,000$576,00016$4,125,000$536,250$165,000$701,25011$4,425,000$575,250$147,500$722,7506$2,537,500$329,875$72,500$402,375
28$10,335,000$1,343,550$795,000$2,138,55022$3,040,000$395,200$160,000$555,20017$3,960,000$514,800$165,000$679,80012$4,277,500$556,075$147,500$703,5757$2,465,000$320,450$72,500$392,950
29$9,540,000$1,240,200$795,000$2,035,20023$2,880,000$374,400$160,000$534,40018$3,795,000$493,350$165,000$658,35013$4,130,000$536,900$147,500$684,4008$2,392,500$311,025$72,500$383,525
30$8,745,000$1,136,850$795,000$1,931,85024$2,720,000$353,600$160,000$513,60019$3,630,000$471,900$165,000$636,90014$3,982,500$517,725$147,500$665,2259$2,320,000$301,600$72,500$374,100
31$7,950,000$1,033,500$795,000$1,828,50025$2,560,000$332,800$160,000$492,80020$3,465,000$450,450$165,000$615,45015$3,835,000$498,550$147,500$646,05010$2,247,500$292,175$72,500$364,675
32$7,155,000$930,150$795,000$1,725,15026$2,400,000$312,000$160,000$472,00021$3,300,000$429,000$165,000$594,00016$3,687,500$479,375$147,500$626,87511$2,175,000$282,750$72,500$355,250
33$6,360,000$826,800$795,000$1,621,80027$2,240,000$291,200$160,000$451,20022$3,135,000$407,550$165,000$572,55017$3,540,000$460,200$147,500$607,70012$2,102,500$273,325$72,500$345,825
34$5,565,000$723,450$795,000$1,518,45028$2,080,000$270,400$160,000$430,40023$2,970,000$386,100$165,000$551,10018$3,392,500$441,025$147,500$588,52513$2,030,000$263,900$72,500$336,400
35$4,770,000$620,100$795,000$1,415,10029$1,920,000$249,600$160,000$409,60024$2,805,000$364,650$165,000$529,65019$3,245,000$421,850$147,500$569,35014$1,957,500$254,475$72,500$326,975
36$3,975,000$516,750$795,000$1,311,75030$1,760,000$228,800$160,000$388,80025$2,640,000$343,200$165,000$508,20020$3,097,500$402,675$147,500$550,17515$1,885,000$245,050$72,500$317,550
37$3,180,000$413,400$795,000$1,208,40031$1,600,000$208,000$160,000$368,00026$2,475,000$321,750$165,000$486,75021$2,950,000$383,500$147,500$531,00016$1,812,500$235,625$72,500$308,125
38$2,385,000$310,050$795,000$1,105,05032$1,440,000$187,200$160,000$347,20027$2,310,000$300,300$165,000$465,30022$2,802,500$364,325$147,500$511,82517$1,740,000$226,200$72,500$298,700
39$1,590,000$206,700$795,000$1,001,70033$1,280,000$166,400$160,000$326,40028$2,145,000$278,850$165,000$443,85023$2,655,000$345,150$147,500$492,65018$1,667,500$216,775$72,500$289,275
40$795,000$103,350$795,000$898,35034$1,120,000$145,600$160,000$305,60029$1,980,000$257,400$165,000$422,40024$2,507,500$325,975$147,500$473,47519$1,595,000$207,350$72,500$279,850

35$960,000$124,800$160,000$284,80030$1,815,000$235,950$165,000$400,95025$2,360,000$306,800$147,500$454,30020$1,522,500$197,925$72,500$270,425
36$800,000$104,000$160,000$264,00031$1,650,000$214,500$165,000$379,50026$2,212,500$287,625$147,500$435,12521$1,450,000$188,500$72,500$261,000
37$640,000$83,200$160,000$243,20032$1,485,000$193,050$165,000$358,05027$2,065,000$268,450$147,500$415,95022$1,377,500$179,075$72,500$251,575
38$480,000$62,400$160,000$222,40033$1,320,000$171,600$165,000$336,60028$1,917,500$249,275$147,500$396,77523$1,305,000$169,650$72,500$242,150
39$320,000$41,600$160,000$201,60034$1,155,000$150,150$165,000$315,15029$1,770,000$230,100$147,500$377,60024$1,232,500$160,225$72,500$232,725
40$160,000$20,800$160,000$180,80035$990,000$128,700$165,000$293,70030$1,622,500$210,925$147,500$358,42525$1,160,000$150,800$72,500$223,300

36$825,000$107,250$165,000$272,25031$1,475,000$191,750$147,500$339,25026$1,087,500$141,375$72,500$213,875
37$660,000$85,800$165,000$250,80032$1,327,500$172,575$147,500$320,07527$1,015,000$131,950$72,500$204,450
38$495,000$64,350$165,000$229,35033$1,180,000$153,400$147,500$300,90028$942,500$122,525$72,500$195,025

Total Expenditure$84,747,000$31,800,000$116,547,00039$330,000$42,900$165,000$207,90034$1,032,500$134,225$147,500$281,72529$870,000$113,100$72,500$185,600
Average Annual Expenditure$2,913,67540$165,000$21,450$165,000$186,45035$885,000$115,050$147,500$262,55030$797,500$103,675$72,500$176,175

Total Expenditure$17,056,000$6,400,000$23,456,000Total Expenditure$17,589,000$6,600,000$24,189,00036$737,500$95,875$147,500$243,37531$725,000$94,250$72,500$166,750
Average Annual Expenditure$586,400Average Annual Expenditure$604,72537$590,000$76,700$147,500$224,20032$652,500$84,825$72,500$157,325

38$442,500$57,525$147,500$205,02533$580,000$75,400$72,500$147,900
39$295,000$38,350$147,500$185,85034$507,500$65,975$72,500$138,475
40$147,500$19,175$147,500$166,67535$435,000$56,550$72,500$129,050

Total Expenditure$15,723,500$5,900,000$21,623,50036$362,500$47,125$72,500$119,625
Average Annual Expenditure$540,58837$290,000$37,700$72,500$110,200

38$217,500$28,275$72,500$100,775
39$145,000$18,850$72,500$91,350
40$72,500$9,425$72,500$81,925

Total Expenditure$7,728,500$2,900,000$10,628,500
Average Annual Expenditure$265,713

Table K-1b. Annualized Groundwater Supply Costs: Existing Capacity Needs

2021 to 20252026 to 2030 2006 to 20102011 to 20152016 to 2020

West Yost Associates
o:\c\436\02-06-03\ENG\T02\gwyearlycostscwmethodology
Last Revised:  11/06

California Water Service Company
Chico-Hamilton City District

Water Supply and Facilities Master Plan
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Capital Cost$0per ProjectCapital Cost$5,600,000per ProjectCapital Cost$14,000,000per ProjectCapital Cost$8,400,000per ProjectCapital Cost$7,000,000per Project
Depreciation Period40YearsDepreciation Period40YearsDepreciation Period40YearsDepreciation Period40YearsDepreciation Period40Years
Quantity0Quantity0Quantity4Quantity5Quantity5
Revenue Requirement Rate13.0%Revenue Requirement Rate13.0%Revenue Requirement Rate13.0%Revenue Requirement Rate13.0%Revenue Requirement Rate13.0%

Depreciation 
Year

Rate Base 
Value

Revenue 
Requirement

Depreciation 
Cost

Total Annual 
Customer 

Expenditure

Depreciation 
Year

Rate Base 
Value

Revenue 
Requirement

Depreciation 
Cost

Total Annual 
Customer 

Expenditure

Depreciation 
YearRate Base ValueRevenue 

Requirement
Depreciation 

Cost

Total Annual 
Customer 

Expenditure

Depreciation 
Year

Rate Base 
Value

Revenue 
Requirement

Depreciation 
Cost

Total Annual 
Customer 

Expenditure

Depreciation 
Year

Rate Base 
Value

Revenue 
Requirement

Depreciation 
Cost

Total Annual 
Customer 

Expenditure

1$0$0$0$0
2$0$0$0$0
3$0$0$0$0
4$0$0$0$0
5$0$0$0$0
6$0$0$0$0
7$0$0$0$01$0$0$0$0
8$0$0$0$02$0$0$0$0
9$0$0$0$03$0$0$0$0
10$0$0$0$04$0$0$0$0
11$0$0$0$05$0$0$0$0
12$0$0$0$06$0$0$0$01$56,000,000$7,280,000$1,400,000$8,680,000
13$0$0$0$07$0$0$0$02$54,600,000$7,098,000$1,400,000$8,498,000
14$0$0$0$08$0$0$0$03$53,200,000$6,916,000$1,400,000$8,316,000
15$0$0$0$09$0$0$0$04$51,800,000$6,734,000$1,400,000$8,134,000
16$0$0$0$010$0$0$0$05$50,400,000$6,552,000$1,400,000$7,952,000
17$0$0$0$011$0$0$0$06$49,000,000$6,370,000$1,400,000$7,770,0001$42,000,000$5,460,000$1,050,000$6,510,000
18$0$0$0$012$0$0$0$07$47,600,000$6,188,000$1,400,000$7,588,0002$40,950,000$5,323,500$1,050,000$6,373,500
19$0$0$0$013$0$0$0$08$46,200,000$6,006,000$1,400,000$7,406,0003$39,900,000$5,187,000$1,050,000$6,237,000
20$0$0$0$014$0$0$0$09$44,800,000$5,824,000$1,400,000$7,224,0004$38,850,000$5,050,500$1,050,000$6,100,500
21$0$0$0$015$0$0$0$010$43,400,000$5,642,000$1,400,000$7,042,0005$37,800,000$4,914,000$1,050,000$5,964,000
22$0$0$0$016$0$0$0$011$42,000,000$5,460,000$1,400,000$6,860,0006$36,750,000$4,777,500$1,050,000$5,827,5001$35,000,000$4,550,000$875,000$5,425,000
23$0$0$0$017$0$0$0$012$40,600,000$5,278,000$1,400,000$6,678,0007$35,700,000$4,641,000$1,050,000$5,691,0002$34,125,000$4,436,250$875,000$5,311,250
24$0$0$0$018$0$0$0$013$39,200,000$5,096,000$1,400,000$6,496,0008$34,650,000$4,504,500$1,050,000$5,554,5003$33,250,000$4,322,500$875,000$5,197,500
25$0$0$0$019$0$0$0$014$37,800,000$4,914,000$1,400,000$6,314,0009$33,600,000$4,368,000$1,050,000$5,418,0004$32,375,000$4,208,750$875,000$5,083,750
26$0$0$0$020$0$0$0$015$36,400,000$4,732,000$1,400,000$6,132,00010$32,550,000$4,231,500$1,050,000$5,281,5005$31,500,000$4,095,000$875,000$4,970,000
27$0$0$0$021$0$0$0$016$35,000,000$4,550,000$1,400,000$5,950,00011$31,500,000$4,095,000$1,050,000$5,145,0006$30,625,000$3,981,250$875,000$4,856,250
28$0$0$0$022$0$0$0$017$33,600,000$4,368,000$1,400,000$5,768,00012$30,450,000$3,958,500$1,050,000$5,008,5007$29,750,000$3,867,500$875,000$4,742,500
29$0$0$0$023$0$0$0$018$32,200,000$4,186,000$1,400,000$5,586,00013$29,400,000$3,822,000$1,050,000$4,872,0008$28,875,000$3,753,750$875,000$4,628,750
30$0$0$0$024$0$0$0$019$30,800,000$4,004,000$1,400,000$5,404,00014$28,350,000$3,685,500$1,050,000$4,735,5009$28,000,000$3,640,000$875,000$4,515,000
31$0$0$0$025$0$0$0$020$29,400,000$3,822,000$1,400,000$5,222,00015$27,300,000$3,549,000$1,050,000$4,599,00010$27,125,000$3,526,250$875,000$4,401,250
32$0$0$0$026$0$0$0$021$28,000,000$3,640,000$1,400,000$5,040,00016$26,250,000$3,412,500$1,050,000$4,462,50011$26,250,000$3,412,500$875,000$4,287,500
33$0$0$0$027$0$0$0$022$26,600,000$3,458,000$1,400,000$4,858,00017$25,200,000$3,276,000$1,050,000$4,326,00012$25,375,000$3,298,750$875,000$4,173,750
34$0$0$0$028$0$0$0$023$25,200,000$3,276,000$1,400,000$4,676,00018$24,150,000$3,139,500$1,050,000$4,189,50013$24,500,000$3,185,000$875,000$4,060,000
35$0$0$0$029$0$0$0$024$23,800,000$3,094,000$1,400,000$4,494,00019$23,100,000$3,003,000$1,050,000$4,053,00014$23,625,000$3,071,250$875,000$3,946,250
36$0$0$0$030$0$0$0$025$22,400,000$2,912,000$1,400,000$4,312,00020$22,050,000$2,866,500$1,050,000$3,916,50015$22,750,000$2,957,500$875,000$3,832,500
37$0$0$0$031$0$0$0$026$21,000,000$2,730,000$1,400,000$4,130,00021$21,000,000$2,730,000$1,050,000$3,780,00016$21,875,000$2,843,750$875,000$3,718,750
38$0$0$0$032$0$0$0$027$19,600,000$2,548,000$1,400,000$3,948,00022$19,950,000$2,593,500$1,050,000$3,643,50017$21,000,000$2,730,000$875,000$3,605,000
39$0$0$0$033$0$0$0$028$18,200,000$2,366,000$1,400,000$3,766,00023$18,900,000$2,457,000$1,050,000$3,507,00018$20,125,000$2,616,250$875,000$3,491,250
40$0$0$0$034$0$0$0$029$16,800,000$2,184,000$1,400,000$3,584,00024$17,850,000$2,320,500$1,050,000$3,370,50019$19,250,000$2,502,500$875,000$3,377,500

35$0$0$0$030$15,400,000$2,002,000$1,400,000$3,402,00025$16,800,000$2,184,000$1,050,000$3,234,00020$18,375,000$2,388,750$875,000$3,263,750
36$0$0$0$031$14,000,000$1,820,000$1,400,000$3,220,00026$15,750,000$2,047,500$1,050,000$3,097,50021$17,500,000$2,275,000$875,000$3,150,000
37$0$0$0$032$12,600,000$1,638,000$1,400,000$3,038,00027$14,700,000$1,911,000$1,050,000$2,961,00022$16,625,000$2,161,250$875,000$3,036,250
38$0$0$0$033$11,200,000$1,456,000$1,400,000$2,856,00028$13,650,000$1,774,500$1,050,000$2,824,50023$15,750,000$2,047,500$875,000$2,922,500
39$0$0$0$034$9,800,000$1,274,000$1,400,000$2,674,00029$12,600,000$1,638,000$1,050,000$2,688,00024$14,875,000$1,933,750$875,000$2,808,750
40$0$0$0$035$8,400,000$1,092,000$1,400,000$2,492,00030$11,550,000$1,501,500$1,050,000$2,551,50025$14,000,000$1,820,000$875,000$2,695,000

36$7,000,000$910,000$1,400,000$2,310,00031$10,500,000$1,365,000$1,050,000$2,415,00026$13,125,000$1,706,250$875,000$2,581,250
37$5,600,000$728,000$1,400,000$2,128,00032$9,450,000$1,228,500$1,050,000$2,278,50027$12,250,000$1,592,500$875,000$2,467,500
38$4,200,000$546,000$1,400,000$1,946,00033$8,400,000$1,092,000$1,050,000$2,142,00028$11,375,000$1,478,750$875,000$2,353,750

Total Expenditure$0$0$039$2,800,000$364,000$1,400,000$1,764,00034$7,350,000$955,500$1,050,000$2,005,50029$10,500,000$1,365,000$875,000$2,240,000
Average Annual Expenditure$040$1,400,000$182,000$1,400,000$1,582,00035$6,300,000$819,000$1,050,000$1,869,00030$9,625,000$1,251,250$875,000$2,126,250

Total Expenditure$0$0$0Total Expenditure$149,240,000$56,000,000$205,240,00036$5,250,000$682,500$1,050,000$1,732,50031$8,750,000$1,137,500$875,000$2,012,500
Average Annual Expenditure$0Average Annual Expenditure$5,131,00037$4,200,000$546,000$1,050,000$1,596,00032$7,875,000$1,023,750$875,000$1,898,750

38$3,150,000$409,500$1,050,000$1,459,50033$7,000,000$910,000$875,000$1,785,000
39$2,100,000$273,000$1,050,000$1,323,00034$6,125,000$796,250$875,000$1,671,250
40$1,050,000$136,500$1,050,000$1,186,50035$5,250,000$682,500$875,000$1,557,500

Total Expenditure$111,930,000$42,000,000$153,930,00036$4,375,000$568,750$875,000$1,443,750
Average Annual Expenditure$3,848,25037$3,500,000$455,000$875,000$1,330,000

38$2,625,000$341,250$875,000$1,216,250
39$1,750,000$227,500$875,000$1,102,500
40$875,000$113,750$875,000$988,750

Total Expenditure$93,275,000$35,000,000$128,275,000
Average Annual Expenditure$3,206,875

Table K-2b. Annualized Groundwater Supply Costs: Future Capacity Needs

2021 to 20252026 to 2030 2006 to 20102011 to 20152016 to 2020

West Yost Associates
o:\c\436\02-06-03\ENG\T02\gwyearlycostscwmethodology
Last Revised:  11/06

California Water Service Company
Chico-Hamilton City District

Water Supply and Facilities Master Plan
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APPENDIX 6-A. HYDRAULIC MODEL CALIBRATION 

HYDRANT FLOW TESTS 

There were twenty-eight (28) selected hydrant flow testing locations for the Cal Water’s Chico 
and Hamilton City water distribution system (see Figure 6-4). Associated pipeline C-factor 
evaluations were performed in the field on July 19 and July 20, 2006. The selection of these 
hydrant tests were based on the location, size and material type of the pipelines. Only twenty-two 
of these hydrant flow tests were performed due to configuration and time constraints. These tests 
were used to evaluate pipeline friction factors (C-factors). As part of the model calibration 
process, these C-factors were adjusted, to represent roughness in the existing pipelines, to more 
closely represent actual observed field conditions. 

Hydrant flow tests were simulated using the updated hydraulic model of the Cal Water’s water 
system, and estimated C-factor values. Results were then compared to the actual field data to 
verify the C-factors and determine the accuracy of the model. C-factors were then adjusted where 
necessary to minimize differences between static and residual hydrant pressures observed in the 
field to pressures simulated with the hydraulic model, (see Tables A-1 through A-28). The goal of 
the calibration effort was to achieve no greater than a 5 psi differential between the field hydrant 
test data and the model simulated data. 

Cal Water’s Chico distribution system consists of approximately 34.5 miles of pipelines, and the 
Cal Water’s Hamilton City distribution system consists of approximately 0.7 miles of pipelines. 
Distribution pipeline sizes range from 2 inches to 8 inches in diameter, along with larger 
transmission mains ranging in size from 10 to 14 inches in diameter. The pipelines are primarily 
constructed of asbestos cement, cast iron, ductile iron, PVC and steel. 

The following sections describe each of the specific hydrant testing locations and discuss a 
comparison of the predicted model pressures compared to pressures observed in the field. A 
schematic describing the locations of the flowing and observed fire hydrants is also provided for 
each hydrant flow test. 

SUMMARY OF CALIBRATION RESULTS 

Overall, the results from the hydraulic model calibration validated the system pipeline 
configuration and estimated C-factors. The average pressure differentials between those pressures 
observed in the field and those predicted by the model were within ± 5 pounds per square inch 
(psi). 
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Hydrant Flow Test No. 1 

Hydrant Flow Test No. 1 was performed Notre Dame Boulevard, south of Jasper Drive. This test 
was conducted to confirm the C-factor (initially assumed to equal 140) of a 10-inch diameter, AC 
pipeline. A comparison of the differential pressure readings predicted by the hydraulic model, 
compared to pressures actually measured in the field, demonstrate that the pressures predicted by 
the model are within ± 4 psi of the measured field value. The calibrated model results and the 
field data are shown in Table 6-A-1. 

Table 6-A-1. Hydrant Flow Test No. 1 

 Field Data Modeled Data Comparison  
  
  

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 

Flowing(2) 54 22  52 23   
1A(3) 54 32 22 52 25 26 -4 
1B(4) 55 33 22 52 28 25 -3 
1C(5) 54 34 20 54 32 22 -2 
1D(6) 56 38 18 55 35 20 -2 

(1) Location of fire hydrants can be found on Figure A-1. 
(2) The “Flowing Hydrant” is on Notre Dame Boulevard, south of Jasper Drive. 
(3) Hydrant 1A is located at Notre Dame Boulevard, south of flowing hydrant. 
(4) Hydrant 1B is located at Notre Dame Boulevard, north of New Dawn Circle. 
(5) Hydrant 1C is located at Notre Dame Boulevard, south of New Dawn Circle. 
(6) Hydrant 1D is located at Notre Dame Boulevard, north of Fremont Street. 
NA = Not Applicable 
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Hydrant Flow Test No. 2 

Hydrant Flow Test No. 2 was performed on Myers Avenue, southwest of Park Avenue. This test 
was conducted to confirm the C-factor (initially assumed to be 140) of a 12-inch diameter, AC 
pipeline. A comparison of the differential pressure reading predicted by the hydraulic model, 
compared to pressures actually measured in the field, demonstrate that the model is within ± 3 psi 
of the measured field value. The calibrated model results and the field data are shown in Table 6-
A-2. As indicated by the results in Table 6-A-2, a C-factor of 140 is valid for this size and type of 
pipeline.  

Table 6-A-2. Hydrant Flow Test No. 2 

 Field Data Modeled Data Comparison 
  
  

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 

Flowing(2) 75 40  73 48   
2A(3) 72 52 20 73 50 23 -3 
2B(4) 80 60 20 74 52 22 -2 
2C(5) 74 54 20 74 53 21 -1 
2D(6) 73 56 17 75 55 20 -3 

(1) Location of fire hydrants can be found on Figure A-2. 
(2) The “Flowing Hydrant” is located at Myers Avenue, southwest of Park Avenue. 
(3) Hydrant 2A is located at Myers Avenue, northeast of Valene Lane. 
(4) Hydrant 2B is located at Myers Avenue, northeast of Wrex Court. 
(5) Hydrant 2C is located at Myers Avenue, northwest of Bellermine Court. 
(6) Hydrant 2D is located at Myers Avenue, southwest of Bellermine Court. 
NA = Not Applicable 
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Hydrant Flow Test No. 3 

Hydrant Flow Test No. 3 was not performed due to location constraint. There were tests 
performed for this size and type of pipeline (8-inch, cast iron pipeline). 
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Hydrant Flow Test No. 4 

Hydrant Flow Test No. 4 was performed at Orchard Way, west of Diamond Avenue. This test 
was conducted to confirm the C-factor (initially assumed to equal 140) of a 6-inch diameter, PVC 
pipeline. A comparison of the differential pressure readings predicted by the hydraulic model, 
compared to pressures actually measured in the field, indicate that differential pressures are 
within the ± 3 psi tolerance limit established for calibration. The calibrated model results and the 
field data are shown in Table 6-A-4, and the results indicate that a C-factor of 140 is valid for the 
size and type of pipeline. 

Table 6-A-4. Hydrant Flow Test No. 4 

 Field Data Modeled Data Comparison 
  
  

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 

Flowing(2) 65 8  62 1   
4A(3) 64 12 52 63 9 54 -2 
4B(4) 65 21 44 65 21 43 1 
4C(5) 64 31 33 65 33 33 0 
4D(6) 66 45 21 66 45 20 1 

(1) Location of fire hydrants can be found on Figure A-4. 
(2) The “Flowing Hydrant” is located at Orchard Way, west of Diamond Avenue. 
(3) Hydrant 4A is located at Orchard Way, west of flowing hydrant. 
(4) Hydrant 4B is located at Orchard Way, west of Test 4A. 
(5) Hydrant 4C is located at Orchard Way, south of west corner of Orchard Way 
(6) Hydrant 4D is located at Orchard Way, north of Marian Avenue. 
NA = Not Applicable 
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Hydrant Flow Test No. 5 

Hydrant Flow Test No. 5 was not performed due to location constraint. There were tests 
performed for this size and type of pipeline (6-inch, ductile iron pipeline). 
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Hydrant Flow Test No. 6 

Hydrant Flow Test No. 6 was at La Linda Lane, southwest of Nord Avenue. This test was 
conducted to confirm the C-factor (initially assumed to equal 130) of an 8-inch diameter, DI 
pipeline. The preliminary results indicate that possibility of partially opened valve between parcel 
1553 and 1547 on La Linda Lane. The Cal Water staff confirmed a partially closed valve on La 
Linda Lane. The differential pressure reading between the model and the observed field valve are 
within ± 5 psi. The calibrated model results and the field data are shown in Table 6-A-6. 

Table 6-A-6. Hydrant Flow Test No. 6 

 Field Data Modeled Data Comparison 
  
  

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 

Flowing(2) 82 13  75 10   
6A(3) 80 18 62 76 16 60 2 
6B(4) 80 46 34 76 40 36 -2 
6C(5) 78 49 29 75 43 32 -3 

(1) Location of fire hydrants can be found on Figure A-6. 
(2) The “Flowing Hydrant” is located at La Linda Lane, southwest of Nord Avenue. 
(3) Hydrant 6A is located at the northwest end of La Linda Lane, northeast of southwest corner. 
(4) Hydrant 6B is located at La Linda, northeast of southeast corner. 
(5) Hydrant 6C is located at southwest end of La Linda, south of Nord Avenue. 
NA = Not Applicable 
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Hydrant Flow Test No. 7 

Hydrant Flow Test No. 7 was not performed at due to time constraint. There were tests performed 
for this size and type of pipeline (6-inch, PVC pipeline). 
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Hydrant Flow Test No. 8 

Hydrant Flow Test No. 8 was performed at Lassen Avenue, northeast of Cussick Avenue. This 
test was conducted to confirm the C-factor (initially assumed to equal 130) of an 8-inch diameter, 
AC pipeline. A comparison of the differential pressure readings predicted by the hydraulic model, 
compared to pressures actually measured in the field, demonstrate that the model is within ± 5 psi 
of the observed field value. The calibrated model results and the field data are shown in Table 6-
A-8. The results of this test indicate that the use of a 130 C-factor for this type and size of 
pipeline is valid.  

Table 6-A-8. Hydrant Flow Test No. 8 

 Field Data Modeled Data Comparison 
  
  

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 
Flowing(2) 76 16  78 18   
8A(3) 74 25 49 78 25 53 -4 
8B(4) 73 32 41 77 32 45 -4 
8C(5) 72 44 28 76 44 32 -4 
8D(6) 70 52 18 76 55 21 -3 

(1) Location of fire hydrants can be found on Figure A-8. 
(2) The “Flowing Hydrant” is located at Lassen Avenue, northeast of Cussick Avenue. 
(3) Hydrant 8A is located at Lassen Avenue, northeast of flowing hydrant. 
(4) Hydrant 8B is located at Lassen Avenue, northeast of Lester Court. 
(5) Hydrant 8C is located at Lassen Avenue, northeast of Camden Court. 
(6) Hydrant 8D is located at Lassen Avenue, northeast of Clark Way. 
NA = Not Applicable 
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Hydrant Flow Test No. 9 

Hydrant Flow Test No. 9 was performed at Windham Way, west of Test 9A. This test was 
conducted to confirm the C-factor (initially assumed to equal 140) of an 8-inch diameter, PVC. A 
comparison of the differential pressure readings predicted by the hydraulic model, compared to 
pressures actually measured in the field, indicate that differential pressures are within the 
allowable ± 5 psi tolerance limit established for calibration. The calibrated model results and the 
field data are shown in Table 6-A-9.  

Table 6-A-9. Hydrant Flow Test No. 9 

 Field Data Modeled Data Comparison 
  
  

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 
Flowing(2) 74 14  101 46   
9A(3) 74 26 48 101 54 47 1 
9B(4) 78 35 43 101 61 40 3 
9C(5) 77 34 43 101 60 40 3 
9D(6) 77 34 43 100 62 38 5  

(1) Location of fire hydrants can be found on Figure A-9. 
(2) The “Flowing Hydrant” is located at Windham Way, west of Test 9A. 
(3) Hydrant 9A is located at Windham Way, east of flowing hydrant. 
(4) Hydrant 9B is located at Windham Way, north of the southeast corner. 
(5) Hydrant 9C is located at Weymouth Way, west of Test 9D. 
(6) Hydrant 9D is located at Weymouth Way, west of Penzance Avenue. 
NA = Not Applicable 
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Hydrant Flow Test No. 10 

Hydrant Flow Test No. 10 was performed at Lassen Avenue, southeast of Cohasset Road. This 
test was conducted to confirm the C-factor (initially assumed to equal 130) of an 8-inch diameter, 
AC pipeline. A comparison of the differential pressure reading predicted by the hydraulic model, 
compared to pressures actually measured in the field, demonstrate that the model is within the 
allowable 5 psi tolerance limit established for calibration. The calibrated model results and the 
field data are shown in Table 6-A-10.  

Table 6-A-10. Hydrant Flow Test No. 10 

 Field Data Modeled Data Comparison 
  
  

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 

Flowing(2) 84 36  85 47   
10A(3) 80 52 28 85 54 31 -3 
10B(4) 80 59 21 84 59 25 -4 
10C(5) 78 54 24 84 56 29 -5 

(1) Location of fire hydrants can be found on Figure A-10. 
(2) The “Flowing Hydrant” is located at Lassen Avenue, southeast of Cohasset Road. 
(3) Hydrant 10A is located at Lassen Avenue, northwest of Ridgewood Drive. 
(4) Hydrant 10B is located at Lassen Avenue, west of Ceres Avenue. 
(5) Hydrant 10C is located at Ridgewood Drive, northeast of Lassen Avenue. 
(6) Hydrant 10D is located at Ridgewood Drive, west of Ceres Avenue. 
NA = Not Applicable 
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Hydrant Flow Test No. 11 

Hydrant Flow Test No. 11 was performed at Fortress Street, northwest of Boeing Avenue. This 
test was conducted to confirm the C-factor (initially assumed to equal 120) of a 10-inch diameter, 
CI pipeline. A comparison of the differential pressure reading predicted by the hydraulic model, 
compared to pressures actually measured in the field, demonstrate that the model is within the 
allowable 5 psi tolerance limit established for calibration. The calibrated model results and the 
field data are shown in Table 6-A-11.  

Table 6-A-11. Hydrant Flow Test No. 11 

 Field Data Modeled Data Comparison 
  
  

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 

Flowing(2) 72 28  79 35   
11A(3) 70 34 36 77 39 38 -2 
11B(4) 75 42 33 76 44 31 2 
11C(5) 76 44 32 75 47 28 4 
11D(6) 76 48 28 77 51 27 1 

(1) Location of fire hydrants can be found on Figure A-11. 
(2) The “Flowing Hydrant” is located at Fortress Street, northwest of Boeing Avenue. 
(3) Hydrant 11A is located at Fortress Street, southeast of Fairchild Avenue. 
(4) Hydrant 11B is located at Fortress Street, southeast of Convair Avenue. 
(5) Hydrant 11C is located at Fortress Street, northwest of Convair Avenue. 
(6) Hydrant 11D is located at Fortress Street, southeast of Air Park Boulevard. 
NA = Not Applicable 
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Hydrant Flow Test No. 12 

Hydrant Flow Test No. 12 was performed at Lexington Drive, northeast of Eaton Road. This test 
was conducted to confirm the C-factor (initially assumed to equal 130) of a 8-inch diameter, DI 
pipeline. A comparison of the differential pressure readings predicted by the hydraulic model, 
compared to pressures actually measured in the field demonstrates that the model is within ± 3 psi 
of the measured field value. The calibrated model results and the field data are shown in Table 6-
A-12. Test results indicate that a C-factor of 130 is appropriate to use for this size and type of 
pipeline. 

Table 6-A-12. Hydrant Flow Test No. 12 

 Field Data Modeled Data Comparison 
  
  

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 
Flowing(2) 78 27  80 31   
12A(3) 75 36 39 79 38 41 -2 
12B(4) 71 39 32 78 43 35 -3 
12C(5) 76 49 28 77 51 26 1 

(1) Location of fire hydrants can be found on Figure A-12. 
(2) The “Flowing Hydrant” is located at Lexington Drive, northeast of Eaton Road. 
(3) Hydrant 12A is located at Lexington Drive, northeast of flowing hydrant. 
(4) Hydrant 12B is located at Lexington Drive, northeast of Test 12A. 
(5) Hydrant 12C is located at Lexington Drive, southwest of Floral Avenue. 
NA = Not Applicable 
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Hydrant Flow Test No. 13 

Hydrant Flow Test No. 13 was performed at Keri Lane, east of Mariposa Avenue. This test was 
conducted to confirm the C-factor (initially assumed to equal 130) of a 6-inch diameter, AC 
pipeline. A comparison of the differential pressure reading predicted by the hydraulic model, 
compared to pressures actually measured in the field, demonstrate that the model is within ± 2 psi 
of the measured field value. The calibrated model results and the field data are shown in Table 6-
A-13. These results indicate that a C-factor of 130 is appropriate to use for 6-inch diameter, AC 
pipeline. 

Table 6-A-13. Hydrant Flow Test No. 13 

 Field Data Modeled Data Comparison 
  
  

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures 

(psi) (g = c-f) 
Flowing(2) 54 5  54 11   
13A(3) 50 10 40 52 14 38 2 
13B(4) 49 13 36 51 18 33 3 
13C(5) 48 17 31 51 22 29 2 
13D(6) 48 28 20 52 30 22 -2 

(1) Location of fire hydrants can be found on Figure A-13. 
(2) The “Flowing Hydrant” is located at Keri Lane, east of Mariposa Avenue. 
(3) Hydrant 13A is located at Keri Lane, east of flowing hydrant. 
(4) Hydrant 13B is located at Keri Lane, west of northeast corner. 
(5) Hydrant 13C is located at Keri Lane, north of Kimberlee Lane. 
(6) Hydrant 13D is located at Kimberlee Lane, east of Danbury Way. 
NA = Not Applicable 
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Hydrant Flow Test No. 14 

Hydrant Flow Test No. 14 was performed at Bryant Avenue, southeast of 1st Street. This test was 
conducted to confirm the C-factor (initially assumed to equal 120) of a 6-inch diameter, D&W 
pipeline. Pressure differences between the hydraulic model and the field reading are within the 
allowable ± 5 psi. The calibrated model results and the field data are shown in Table 6-A-14. 

Table 6-A-14. Hydrant Flow Test No. 14 

 Field Data Modeled Data Comparison 
  
  

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 
Flowing(2) 64 3  84 21   
14A(3) 64 50 14 83 66 17 -3 
14B(4) 68 59 9 83 78 5 4 

(1) Location of fire hydrants can be found on Figure A-14. 
(2) The “Flowing Hydrant” is located at Hill View Way, southeast of Palmetto Avenue. 
(3) Hydrant 14A is located at Bryant Avenue, northwest of Palmetto Avenue. 
(4) Hydrant 14B is located at Bryant Avenue, southeast of 1st Avenue. 
NA = Not Applicable 
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Hydrant Flow Test No. 15 

Hydrant Flow Test No. 15 was performed at the intersection of East 8th Street and State Highway 
32. This test was conducted to confirm the C-factor (initially assumed to equal 130) of an 8-inch 
diameter, AC pipeline. A comparison of the differential pressure readings predicted by the 
hydraulic model, compared to pressures actually measured in the field, indicate that the 
differential pressures area within the allowable 5 psi tolerance limit established for calibration. 
The calibrated model results and the field data are shown in Table 6-A-15. 

Table 6-A-15. Hydrant Flow Test No. 15 

 Field Data Modeled Data Comparison 
 
 

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 

Flowing(2) 61 14  61 14   
15A(3) 58 18 40 61 18 43 -3 
15B(4) 59 21 38 61 23 39 -1 
15C(5) 58 26 32 60 26 34 -2 
15D(6) 57 29 28 60 32 28 0 

(1) Location of fire hydrants can be found on Figure A-15. 
(2) The “Flowing Hydrant” is located at the intersection of East 8th Street and State Highway 32. 
(3) Hydrant 15A is located northeast of Station 18, east of Test 15. 
(4) Hydrant 15B is located southeast of Test 15A. 
(5) Hydrant 15C is located east of Test 15B. 
(6) Hydrant 15D is located northeast of Test 15C. 
NA = Not Applicable 
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Hydrant Flow Test No. 16 

Hydrant Flow Test No. 16 was performed at the end of Kevin Court. This test was conducted to 
confirm the C-factor (initially assumed to equal 130) of a 6-inch diameter, DI pipeline. The 
preliminary results indicate that the C-factor is low for this type of pipeline. The C-factor was 
then increased to 135. A comparison of the differential pressure readings predicted by the 
hydraulic model, compared to pressures actually measured in the field, demonstrate that the 
model is within ± 4 psi of the measured field value. Results from this test indicate that the use of a 
C-factor equal of 135 for this size and type of pipeline is valid. The calibrated model results and 
the field data are shown in Table 6-A-16.  

Table 6-A-16. Hydrant Flow Test No. 16 

 Field Data Modeled Data Comparison 
 
 

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 
Flowing(2) 61 8  57 -6   
16A(3) 60 14 46 57 7 50 -4 
16B(4) 60 23 37 56 17 39 -2 
16C(5) 60 32 28 56 26 30 -2 
16D(6) 59 39 20 57 36 20 0 

(1) Location of fire hydrants can be found on Figure A-16. 
(2) The “Flowing Hydrant” is located at the end of Kevin Court. 
(3) Hydrant 16A is located at Kevin Court, south of Shari Lane. 
(4) Hydrant 16B is located west of Betsy Way, south of Shari Lane. 
(5) Hydrant 16C is located at the middle of Betsy Way. 
(6) Hydrant 16D is located at the southeast corner of Betsy Way 
NA = Not Applicable 
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Hydrant Flow Test No. 17 

Hydrant Flow Test No. 17 was not performed due to time constraint. There were tests performed 
for this size and type of pipeline (8-inch, ductile iron pipeline).  
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Hydrant Flow Test No. 18 

Hydrant Flow Test No. 18 was not performed due to time constraint. There were tests performed 
for this size and type of pipeline (12-inch, ductile iron pipeline). 
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Hydrant Flow Test No. 19 

Hydrant Flow Test No. 19 was performed at Copperfield Drive, west of Sausalito Street. This test 
was conducted to confirm the C-factor (initially assumed to equal 140) of an 8-inch diameter, 
PVC pipeline. A comparison of the differential pressure readings predicted by the hydraulic 
model, compared to pressures actually measured in the field, demonstrate that the model is within 
± 5 psi of the measured field value. The calibrated model results and the field data are shown in 
Table 6-A-19. Results from this test indicate that the use of a C-factor equal of 140 for this size 
and type of pipeline is valid. 

Table 6-A-19. Hydrant Flow Test No. 19 

 Field Data Modeled Data Comparison 
 
 
Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure 
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 
Flowing(2) 121 39  118 37   
19A(3) 120 60 60 117 53 64 -4 
19B(4) 120 67 53 118 62 56 -3 
19C(5) 120 74 46 118 70 49 -3 
19D(6) 120 89 31 118 87 31 0 

(1) Location of fire hydrants can be found on Figure A-19. 
(2) The “Flowing Hydrant” is located at Copperfield Drive, west of Sausalito Street. 
(3) Hydrant 19A is located at Copperfield Drive, west of Sausalito Street. 
(4) Hydrant 19B is located at Copperfield Drive, north of Sterling Oaks Drive. 
(5) Hydrant 19C is located at Sterling Oaks Drive, east of Copperfield Drive. 
(6) Hydrant 19D is located at Sterling Oaks Drive, west of Sausalito Street. 
NA = Not Applicable 
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Hydrant Flow Test No. 20 

Hydrant Flow Test No. 20 was performed at Idyllwild Circle, southwest of Banning Park Drive. 
This test was conducted to confirm the C-factor (initially assumed to equal 130) of an 8-inch 
diameter, DI pipeline. A comparison of the differential pressure readings predicted by the 
hydraulic model, compared to pressures actually measured in the field, demonstrate that the 
model is within the allowable ± 5 psi tolerance limit. The calibrated model results and the field 
data are shown in Table 6-A-20. 

Table 6-A-20. Hydrant Flow Test No. 20 

 Field Data Modeled Data Comparison 
 
 

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 
Flowing(2) 70 20  69 14   
20A(3) 74 30 44 75 28 47 -3 
20B(4) 83 48 35 82 43 39 -4 
20C(5) 90 64 26 90 66 24 2 
20D(6) 90 76 14 85 76 9 5 

(1) Location of fire hydrants can64 be found on Figure A-20. 
(2) The “Flowing Hydrant” is located at Idyllwild Circle, southwest of Banning Park Drive. 
(3) Hydrant 20A is located at Idyllwild Circle, northeast of Burney Drive. 
(4) Hydrant 20B is located at Idyllwild Circle, northeast of Laguna Point Road. 
(5) Hydrant 20C is located at Idyllwild Drive, north of Catalina Point Road. 
(6) Hydrant 20D is located at Idyllwild Circle, northwest of Lakewest Drive. 
NA = Not Applicable 
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Hydrant Flow Test No. 21 

Hydrant Flow Test No. 21 was performed at the north end of Brookside Drive, southwest of 
Yosemite Drive. This test was conducted to confirm the C-factor (initially assumed to equal 130) 
of a 6-inch diameter, DI pipeline. The preliminary C-factor assigned to this pipeline is low. The C 
factor is increased to 135. A comparison of the differential pressure readings predicted by the 
hydraulic model, compared to pressures actually measured in the field, demonstrate that the 
model is within the allowable 5 psi tolerance limit. The calibrated model results and the field data 
are shown in Table 6-A-21. 

Table 6-A-21. Hydrant Flow Test No. 21 

 Field Data Modeled Data Comparison 
 
 

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 
Flowing(2) 89 14  84 14   
20A(3) 89 28 61 87 31 57 4 
20B(4) 87 39 48 87 44 43 5 
20C(5) 82 50 32 81 54 27 5 
20D(6) 75 61 14 76 65 11 3 

(1) Location of fire hydrants can be found on Figure A-21. 
(2) The “Flowing Hydrant” is located at the north end of Brookside Drive, southwest of Yosemite Drive. 
(3) Hydrant 20A is located at Brookside Drive, southwest of flowing hydrant. 
(4) Hydrant 20B is located east of the southwest corner of Brookside Drive. 
(5) Hydrant 20C is located at Brookside Drive, east of Test 21B. 
(6) Hydrant 20D is located at Brookside Drive, southwest of Yosemite Drive. 
NA = Not Applicable 
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Hydrant Flow Test No. 22 

Hydrant Flow Test No. 22 was performed at Warner Street, between 1st Street and Legion 
Avenue. This test was conducted to confirm the C-factor (initially assumed to equal 110) of an 8-
inch diameter, CI pipeline. The preliminary C-factor assigned for this type of pipeline is low. The 
C-factor is increased to 120. A comparison of the differential pressure readings predicted by the 
hydraulic model, compared to pressures actually measured in the field, demonstrate that the 
model is within the allowable 5 psi tolerance limit. The calibrated model results and the field data 
are shown in Table 6-A-22. 

Table 6-A-22. Hydrant Flow Test No. 22 

 Field Data Modeled Data Comparison 
 
 

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 
Flowing(2) 70 20  62 13 49  
22A(3) 70 30 40 61 19 42 -2 
22B(4) 76 44 32 60 28 32 0 
22C(5) 68 46 22 60 41 19 3 

(1) Location of fire hydrants can be found on Figure A-22. 
(2) The “Flowing Hydrant” is located at Warner Street, between 1st Street and Legion Avenue. 
(3) Hydrant 22A is located east of flowing hydrant 22. 
(4) Hydrant 22B is located east of hydrant 22A. 
(5) Hydrant 22C is located east of hydrant 22B. 
NA = Not Applicable 
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Hydrant Flow Test No. 23 

Hydrant Flow Test No. 23 was performed at Hegan Lane, northeast of Test 23A. This test was 
conducted to confirm the C-factor (initially assumed to equal 140) of a 12-inch diameter, DI 
pipeline. During the C-factor test, Hydrant 23A was used for HPR which was set to record 
pressure every 5 minutes. Due to the small interval, pressure record from HPR could not be used 
in this calibration process; consequently, no comparison of differential pressure was recorded for 
Hydrant 23A. Pressure differences between the hydraulic model and the field reading are within 5 
psi. The calibrated model results and the field data are shown in Table 6-A-23. Results from this 
test indicate that the use of C-factor equal of 140 for this size and type of pipeline is valid. 

Table 6-A-23. Hydrant Flow Test No. 23 

 Field Data Modeled Data Comparison 
 
 

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure 
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 
Flowing(2) 72 37  63 30   
23A(3) NA NA NA 63 32 31 NA 
23B(4) 72 46 26 63 33 30 -4 
23C(5) 73 49 24 64 35 29 -5 
23D(6) 73 49 24 64 36 28 -4 

(1) Location of fire hydrants can be found on Figure A-23. 
(2) The “Flowing Hydrant” is located at Hegan Lane, northeast of Test 23A. 
(3) Hydrant 23A is located at Hegan Lane, northeast of Otterson Drive. 
(4) Hydrant 23B is located Hegan Lane, southwest of Otterson Drive. 
(5) Hydrant 23C is located Hegan Lane, northwest of Huss Drive. 
(6) Hydrant 23D is located Huss Drive, northwest of Hegan Drive. 
NA = Not Applicable 
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Hydrant Flow Test No. 24 

Hydrant Flow Test No. 24 was performed at Sheridan Avenue, southeast of Filbert Avenue. This 
test was conducted to confirm the C-factor (initially assumed to equal 120) of a 6-inch diameter, 
steel pipeline. A comparison of the differential pressure readings predicted by the hydraulic 
model, compared to pressures actually measured in the field, demonstrate that the model is within 
± 1 psi of the measured field value. The calibrated model results and the field data are shown in 
Table 6-A-24. Results from this test indicate that the use of a C-factor equal of 120 for this size 
and type of pipeline is valid. 

Table 6-A-24. Hydrant Flow Test No. 24 

 Field Data Modeled Data Comparison 
 
 

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 
Flowing(2) 62 6  50 8   
24A(3) 60 42 18 51 34 18 0 
24B(4) 62 49 13 52 38 14 -1 
24C(5) 60 48 12 53 39 13 -1 

(1) Location of fire hydrants can be found on Figure A-24. 
(2) The “Flowing Hydrant” is located at Sheridan Avenue, southeast of Filbert Avenue. 
(3) Hydrant 24A is located at Filbert Avenue, northeast of Sierra View Way. 
(4) Hydrant 24B is located at Filbert Avenue, northeast of Arbutus Avenue. 
(5) Hydrant 24C is located at Sierra View Way, northeast of Arbutus Avenue. 
NA = Not Applicable 
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Hydrant Flow Test No. 25 

Hydrant Flow Test No. 25 was performed at Northrup Avenue, northeast of Fortress Street. This 
test was conducted to confirm the C-factor (initially assumed to equal 100) of an 8-inch diameter, 
CI pipeline. The preliminary C-factor used for this type of pipeline is low. The C-factor was 
increased to 120. A comparison of the differential pressure readings predicted by the hydraulic 
model, compared to pressures actually measured in the field, demonstrate that the model is within 
± 2 psi of the measured field value. The calibrated model results and the field data are shown in 
Table 6-A-25. Results from this test indicate that the use of a C-factor equal of 120 for this size 
and type of pipeline is valid. 

Table 6-A-25. Hydrant Flow Test No. 25 

 Field Data Modeled Data Comparison 
 
 

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 
Flowing(2) 70 22  66 12   
25A(3) 64 22 42 65 25 40 2 
25B(4) 62 32 30 64 33 32 -2 

(1) Location of fire hydrants can be found on Figure A-25. 
(2) The “Flowing Hydrant” is located at Northrup Avenue, northeast of Fortress Street. 
(3) Hydrant 25A is located at Northrup Avenue, northeast of flowing hydrant. 
(4) Hydrant 25B is located at Northrup Avenue, southwest of Marauder Street. 
NA = Not Applicable 
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Hydrant Flow Test No. 26 

Hydrant Flow Test No. 26 was not performed due to time constraint. There were tests performed 
for this size and type of pipeline (6-inch, AC pipeline). 

 

 

Public Version



Public Version



 

September 2007 A-54 California Water Service Company 
o:\c\436\02-06-03\wp\T4\110306is1 AppA  Chico-Hamilton City District  
  Water Supply and Facilities Master Plan 

Hydrant Flow Test No. 27 

Hydrant Flow Test No. 27 was performed at Fourth Street, southwest of Main Street in Hamilton 
City. This test was conducted to confirm the C-factor (initially assumed to equal 130) of an 8-inch 
diameter, AC pipeline. A comparison of the differential pressure readings predicted by the 
hydraulic model, compared to pressures actually measured in the field, demonstrate that the 
model is within ± 3 psi of the measured field value. The calibrated model results and the field 
data are shown in Table 6-A-27. Results from this test indicate that the use of a C-factor equal of 
130 for this size and type of pipeline is valid. 

Table 6-A-27. Hydrant Flow Test No. 27 

 Field Data Modeled Data Comparison 
 
 

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 
Flowing(2) 65 39  65 46   
27A(3) 65 52 13 65 54 11 2 
27B(4) 64 54 10 64 55 9 1 
27C(5) 63 58 5 65 57 8 -3 
27D(6) NA NA NA 66 57 8 NA 
27E(7) 63 53 10 67 59 7 3 

(1) Location of fire hydrants can be found on Figure A-27. 
(2) The “Flowing Hydrant” is located at Fourth Street, southwest of Main Street. 
(3) Hydrant 27A is located at Walsh Avenue, southeast of Fifth Street. 
(4) Hydrant 27B is located at Walsh Avenue, southeast of Sixth Street. 
(5) Hydrant 27C is located at Third Street, southwest of Main Street. 
(6) Hydrant 27D is located at Walsh Avenue, southeast of Third Street. 
(7) Hydrant 27E is located at Walsh Avenue, southeast of Second Street. 
NA = Not Applicable 
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Hydrant Flow Test No. 28 

Hydrant Flow Test No. 28 was performed at Los Robles Avenue, southeast of Fifth Street. This 
test was conducted to confirm the C-factor (initially assumed to equal 120) of a 5-inch diameter, 
steel pipeline. During the C-factor test, field gauge did not record pressure due to low pressure in 
the system. Flow from hydrant was manually measured. The preliminary C-factor assigned to this 
type of pipeline is high. The C-factor is decreased to 30. A comparison of the differential pressure 
readings predicted by the hydraulic model, compared to pressures actually measured in the field, 
demonstrate that the model is within the allowable ± 5 psi of tolerance limit. The calibrated model 
results and the field data are shown in Table 6-A-28.  

Table 6-A-28. Hydrant Flow Test No. 28 

 Field Data Modeled Data Comparison 
 
 

Hydrant(1) 

Static 
Pressure 
(psi) (a) 

Residual 
Pressure 
(psi) (b) 

Differential 
Pressure 
(c = a-b) 

Static 
Pressure
(psi) (d) 

Residual 
Pressure 
(psi) (e) 

Differential 
Pressure (psi) 

(f = d-e) 

of Differential 
Pressures (psi) 

(g = c-f) 
Flowing(2) 55   64 12   
28A(3) NA       
28B(4) 54 21 33 63 30 34 -1 
28C(5) 50 47 3 67 66 1 2 

(1) Location of fire hydrants can be found on Figure A-28. 
(2) The “Flowing Hydrant” is located at Los Robles Avenue, southeast of Fifth Street. 
(3) Hydrant 28A is located at 2nd Street between Los Robles Avenue and Broadway. 
(4) Hydrant 28B is located at 4th Street between Los Robles Avenue and Broadway. 
(5) Hydrant 28C is located at the 6th Street between Los Robles Avenue and Broadway. 
NA = Not Applicable 
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Table 3. Summary of the Recommendations 

Stations Recommendations 

Chico-001 Repaint Tank 2 and erect fence along the perimeter of the tank site as planned, investigate the 
noise from the upper bearing of the motor, complete the interior painting currently in progress at 
Tank 2, replace cathodic protection anodes in 2007, and evaluate the integrity of the well casing. 
Evaluate the benefit of the two elevated tanks with a new booster pump installed downstream. 

Chico-004 Provide the scheduled minimum maintenance. 
Chico-013 Provide the scheduled minimum maintenance. 
Chico-016 Trim branches of tall trees nearby. Move the disinfection supply and equipment out of the pump 

building and store them in a separate shed equipped with secondary containment. Examine the 
conditions of the well and booster pump motor as they have lasted beyond the typical design life. 

Chico-021 Paint the exterior of the building and the GAC tower. Examine the conditions of the well and well 
pump as they have lasted beyond the typical design life. 

Chico-024 Evaluate the conditions of the well and well pump motor as they lasted beyond the typical design 
life. 

Chico-026 Paint the exterior of the pump building. 
Chico-031 Paint the exterior of the building. Verify the existence of the auxiliary power supply. 
Chico-033 Paint the building, and evaluate the conditions of the well and well pump as they have lasted 

beyond the typical design life. 
Chico-040 Provide the minimum scheduled maintenance. 
Chico-042 Repair or replace the pump motor. 
Chico-044 Secure the electrical panel, paint the exterior of the building trims and the hydropneumatic tank, 

and evaluate the conditions of the well and well pump as they have lasted beyond the typical 
design life. Install the variable frequency drive and adjust the pressure set point at the 
hydropneumatic tank. 

Chico-046 Remove the rust and repaint the electrical panel and evaluate the conditions of the well pump 
motor as it exceeded the typical design life. 

Chico-053 Repair the bent pane at the electrical panel and evaluate the conditions of the well pump as it has 
exceeded the typical design life. 

Chico-056 The loose engine exhaust seal should be corrected, furnish the missing “Eye Wash” sign, remove 
the rust and repaint the electrical panel, repair or replace building trim and repaint the fuel tank 
convault, and evaluate the conditions of the well pump and well pump motor as they exceeded the 
typical design life. 

Chico-058 Consider installing the tie-in with the drainage pipeline, rehabilitating the well and reactivating the 
station. 

Chico-059 Move the hypochlorite bins outside in a separate shed. 
Chico-061 Inspect structure for increased deterioration or defects. Repair the disinfectant generator (in 

process). 
Chico-064 Move the hypochlorite supply bins to a separate shed with a secondary containment. Paint the 

building trims and the hydropneumatic tank. 
Chico-066 Repaint Tank 2 exterior as scheduled. 
Chico-068 Provide a ramp to the secondary containment. 
Chico-071 Service the pump to minimize the leak and repaint the well head if damaged. 
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 June 26, 2006 
   

Tony Park, P.E. 
West Yost and Associates 
7041 Koll Center Parkway Ste 100 
Pleasanton, CA 94566 
E-Mail: tpark@westyost.com 

Description: Technical Memo for CWS SCADA System 
Location:  Chico and Livermore 
 

It is the intent of this document to provide the California Water Service Company with an 
outline of future construction and maintenance considerations for the Supervisory Control and 
Data Acquisition (SCADA) System which it operates. 
 
1. Construction Considerations: 
 

a. SCADAPack Remote Telemetry Units (RTU) should be used to replace existing 
RTUs, and installed in locations where there are no existing RTU. 

b. At a minimum, flow, pressure, and pump status should be monitored at each location.  
At build out, each RTU site should be controlled from a central location, and 
networked to other RTUs.  Power meters should be installed to interface with the 
RTU to monitor the well efficiencies at each site.  On-line chemical testing (total 
chlorine and nitrates) should be installed and monitored by SCADA. 

c. Security alarms and cameras should be installed at high risk locations.  Digital video 
recorders can be located at each site, and video transferred on demand to a central 
viewing location. 

d. Chico will be adding at least 15 new RTU sites over the next year; Livermore will be 
adding at least 13 new RTU sites.  Existing sites should be retrofitted to meet or 
exceed the current installation standard. 

2. Maintenance: 

a. A maintenance program and schedule should be initiated to track all equipment 
installation dates, regular maintenance and calibrations.  The following is a minimal 
list of what should be considered for maintenance of the SCADA system.   

1. CWS currently maintains FCC licensed radio pairs for SCADA 
communications.  These licenses must be maintained to ensure the integrity of 
the SCADA system. 

2. Computers should be replaced every three to five years to reduce the chance 
of computer failure.  CWS should have spare computer, preload with SCADA 
software, on hand to quickly replace any failed computer. 
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3. SCADA graphics programming should be maintained constantly to meet the 
needs of operations and management throughout the CWS system. 

4. SCADA software should be maintained to meet version upgrade needs.  
Upgrade expenses of $5,000 per unit can be expected at least every five years.  
It is foreseeable that at some time in the future the current software will no 
longer be supported.  At that time, CWS should investigate other software 
packages that will meet the needs of the system.  New programming software 
may cost more than $10,000 per unit. 

5. Each district should have several RTUs on hand for emergency repair needs, 
and at least one of each type of instrumentation equipment.  This will shorten 
down time for any one RTU site. 

6. It should be expected that at least four RTUs will need to be replaced every 
year for each district.  This will allow for rotating out all RTUs every ten 
years. 

7. Radios, antennas, and communications hardware will need to be replaced 
about as often as RTUs.  As a RTU is replaced for normal maintenance, the 
radio equipment and monitoring equipment should be replaced. 

 
Please call if you have any questions or require further information.  
 
Sincerely, 
 
  
 
Erik E. Burns, P.E.  
A T.E.E.M. Electrical Engineering 
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Item 2006 2011 2016 2021 2026 2031
SCADAPack RTU $7,000 $7,000 $7,000 $7,000 $7,000 $7,000
Backup Power $1,000 $1,000 $1,000 $1,000 $1,000 $1,000
Antenna $1,000 $1,000 $1,000 $1,000 $1,000 $1,000
Installation $15,000 $15,000 $15,000 $15,000 $15,000 $15,000
Programming $10,000 $10,000 $10,000 $10,000 $10,000 $10,000
Misc. $5,000 $5,000 $5,000 $5,000 $5,000 $5,000
Radio $5,000 $5,000 $5,000 $5,000 $5,000 $5,000
Computer $6,000 $6,000 $6,000 $6,000 $6,000 $6,000
Software $5,000 $5,000 $15,000 $5,000 $5,000 $15,000
Process Equipment $20,000 $20,000 $20,000 $20,000 $20,000 $20,000
Network Hardware $10,000 $10,000 $10,000 $10,000 $10,000 $10,000

0 85000 85000 95000 85000 85000 95000
$5 $5 $5 $5 $5 $5

$17,000 $17,000 $19,000 $17,000 $17,000 $19,000
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APPENDIX R. COST ESTIMATING ASSUMPTIONS 

This appendix provides the assumptions used by WYA to estimate the construction costs for 
planning and design of future water system facilities for the California Water Service Company 
Livermore District. The costs were developed based on data supplied by manufacturers, published 
industry standard cost data and curves, construction costs for similar facilities built by Cal Water 
and/or other public agencies, and construction costs previously estimated by WYA for similar 
facilities with similar construction cost indexes. All construction costs have been adjusted to 
reflect September 2007 costs at an Engineering News Record (ENR) Construction Cost Index 
(CCI) of 8050 (20 Cities Average). These costs are to be used for conceptual cost estimates only, 
and should be updated regularly. 

Additionally, these costs are for construction only and do not include estimating uncertainties or 
unexpected construction costs (e.g., variations in final quantities) or cost estimates for land 
acquisition, engineering, legal costs, environmental review, inspections and/or contract 
administration. These additional cost items are referred to as contingency costs and project 
allowances and are further described in the last section of this Appendix.  

Construction cost data presented in this appendix are not intended to represent the lowest prices in 
the industry for each type of construction; rather they are representative of average or typical 
construction costs. The planning level cost estimates have been prepared for guidance in 
evaluating various options, and are intended for budgetary purposes only, within the context of 
this master planning effort. 

FACILITY COSTS 

Pipelines 

Unit construction costs for water pipelines 6 through 36 inches in diameter are provided in 
Table R-1. These costs are to be used for typical pipeline construction in developed areas 
(developed) and construction across open fields or areas that are not yet developed 
(undeveloped). These costs generally include pipeline materials, trenching, placing and jointing 
pipe, valves, fittings, hydrants, service connections, placing imported pipe bedding, native 
backfill material, and asphalt pavement replacement, if required. The costs presented in Table R-1 
do not include the cost of boring and jacking pipe. The costs shown in Table R-2 should be added 
where required for this purpose. 
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Table R-1. Unit Construction Costs for Pipelines(a) 

Unit Construction Cost, $/linear foot 
Pipe Diameter, inches Developed Areas Undeveloped Areas 

6 100 90 
8 130 110 

10 150 130 
12 180 150 
14 210 170 
16 230 190 
18 260 220 
20 280 240 
24 330 270 
30 400 340 
36 460 390 

(a) Based on the September 2007 ENR index of 8050. 

Table R-2. Unit Construction Costs for Jack & Boring(a) 

Size Unit Construction Cost, $/linear foot(b) 
8-inch pipe (16-inch casing) 370 
12-inch pipe (21-inch casing) 420 
16-inch pipe (24-inch casing) 480 
20-inch pipe (30-inch casing) 600 
54-inch pipe (66-inch casing) 1,200 
Tunnel 2,500 

(a) Based on the September 2007 ENR index of 8050. 
(b) Conductor pipe not included in cost. 

Treated Water Storage Tanks 

Table R-3 lists the estimated total construction costs for water storage tanks in the size ranges of 
1.0 to 6.0 MG. As previously stated, these costs are representative of construction conducted 
under normal excavation and foundation conditions, and would be significantly higher for special 
or difficult foundation requirements. 
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Table R-3. Construction Costs for Treated Water Storage Reservoirs(a) 

Capacity, MG 

Estimated Construction Cost 
Pre-Stressed Concrete Storage 

Reservoir, million dollars 
Estimated Construction Cost Steel 
Storage Reservoir, million dollars 

1.0 1.33 1.12 

2.0 2.55 1.74 
3.0 3.47 2.25 
4.0 4.59 2.86 
5.0 5.72 3.47 
6.0 6.84 4.08 

(a) Based on the September 2007 ENR index of 8050. 

Treated Water Booster Pump Stations 

Distribution pumping station costs vary considerably, depending on such factors as architectural 
design, pumping head, and station capacity. Estimated average construction costs for distribution 
pumping stations, as shown in Table R-4 are based on enclosed stations with architectural and 
landscaping treatment suitable for residential areas. Pump station cost estimates include 
backup/standby generators and SCADA, and are based on the typical Cal Water configuration, 
which includes 1 to 3 pumps at 1 to 2 mgd. 

Table R-4. Construction Costs for Booster Pump Stations(a) 

Capacity, mgd Estimated Construction Cost, million dollars 
0.5 0.31 
1 0.41 
2 0.61 
3 0.92 
5 1.33 

10 2.45 
(a) Based on the September 2007 ENR index of 8050. 

Groundwater Production Wells 

Well construction consists of pilot hole drilling, water quality/soil sampling, pilot hole reaming, 
well construction, well development and providing the necessary housing, pump, motor, 
automatic control equipment, discharge piping, SCADA, and disinfection equipment. Costs are 
estimated to be approximately $1,500,000 per well, for a 1,500 to 2,000-gpm well, approximately 
400 to 500 feet deep. The estimated cost for wellhead treatment (iron and manganese) for a 1,500 
gpm well is approximately $1,900,000. These costs are representative of construction conducted 
under normal drilling conditions, and would be significantly higher for special or difficult 

Public Version



 

September 2007 R-4 California Water Service Company 
o:\c\436\02-06-03\wp\mp\060106ceR AppR  Chico-Hamilton City District  
  Water Supply and Facilities Master Plan 

locations. The estimated cost for existing well Renewal and Replacement in Chapter 7 is 
approximately $1,000,000. 

CONTINGENCIES AND OTHER PROJECT COSTS 

Contingency costs must be reviewed on a case-by-case basis because they will vary considerably 
with each project. However, to assist Cal Water in budgeting for these future construction 
projects, contingency costs have been added to the planning budget as percentages of the 
estimated construction cost, divided into two categories: Construction Contingency Costs and 
Other Project Cost Allowances. 

Construction Contingency Costs  

The construction costs presented above are representative of the construction of water system 
facilities under normal construction conditions and schedules; consequently, it is appropriate to 
allow for estimating and construction uncertainties unavoidably associated with the conceptual 
planning of projects. Such factors as unexpected construction conditions, the need for unforeseen 
mechanical items, and variations in final quantities are a few of the items that can increase project 
costs for which it is wise to make allowances in preliminary estimates. An allowance of 20 
percent of the base construction cost will be included to cover such project related construction 
contingencies. 

Other Project Cost Allowances 

Other project cost allowances are divided into three subcategories, totaling 28 percent: 

• Design services associated with new facilities include preliminary investigations and 
reports, right-of-way acquisition, foundation explorations, preparation of drawings and 
specifications for construction, surveying and staking, sampling of testing material, 
and start-up services. For this study, engineering costs are assumed to be 10 percent of 
the construction cost estimates after construction contingencies have been applied. 

• Construction management covers such items as contract management and inspection 
during construction. The cost of these items can also vary, but for the purpose of this 
study, it is assumed that construction management charges will equal approximately 
10 percent of the construction costs after construction contingencies have been 
applied. 

• Administration costs cover such items as legal fees, environmental/CEQA compliance 
requirements, financing expenses, and interest during construction. The cost of these 
items can also vary, but for the purpose of this study, it is assumed that program 
implementation costs will equal approximately 8 percent of the construction costs after 
construction contingencies have been applied.  

An example application of these items to a project with an assumed construction cost of $1.0 
million is shown in Table R-5. As shown, the total cost of all project construction contingencies 
(construction, design services, construction management, and administration costs) is 
approximately 54 percent of the base construction costs for each project.  
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Table R-5. Example Application of Construction 
Contingency Costs and Other Project Cost Allowances  

Cost Component Percent Cost Total Cost 

Estimated Base Construction Cost before 
Contingencies 

 $1,000,000(a)  

Construction Contingency Costs 20% 200,000  

Estimated Construction Cost with Contingencies   $1,200,000 
Other Project Cost Allowances:    

Design 10% $120,000  
Construction Management 10% 120,000  
Administration 8% 96,000  

Total Project Cost Allowances   $336,000 
Estimated Project Cost(b)   $1,536,000 

(a) Assumed cost of example project. 
(b) Revenue requirement rate of 13% is not included in estimated project cost. This rate will 

be included when developing the annual project costs. 
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