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W A T E R  S Y S T E M  M A S T E R  P L A N  

E X E C U T I V E  S U M M A R Y  

This is an executive summary of the Water System Master Plan Report for the City of Central Point, Oregon 
(City). 

Project Summary 
The purpose of the Water System Model Build and Master Plan Project was to 1) provide a hydraulic 
computer model of the City water system and 2) create a master plan to provide the basis for a capital 
improvements plan (CIP).  The model is intended to serve as a tool for the City’s evaluation, planning, and 
design activities.  The master plan, and more specifically the CIP, is intended to provide the plan to improve 
and expand the City water system in the most cost-effective manner.  Specific attention was given to the 
improvements needed to limit the City’s peak demand on the Medford Water Commission (MWC) water 
system. 

The project was completed in two phases.  Phase I included the model development, calibration, and training 
for City staff to use the model.  Phase II included a hydraulic analysis of the system using the model and the 
master planning efforts.  A report was provided at the completion of Phase I, documenting the existing 
system information and computer model development.  This Master Plan report includes information from 
the Phase I report and documentation of the master planning effort.  

Description of the Existing System 
The City owns and operates the water system which services the majority of the residential, commercial, and 
industrial customers within its city limits.  A small number of customers within the city boundaries are served 
directly by MWC.  The City also serves a few industrial customers north of the city limits near Highway 99.  
Figure 2-1 shows the layout of the distribution system facilities.  Figure 2-2 shows a hydraulic schematic of 
the system, which illustrates the relationship between the delivery points (called master meter stations), 
reservoirs, and the pump station. 

The City purchases water from MWC, which is delivered to the system at three locations.  The distribution 
system consists of two storage reservoirs, a pump station, and a network of transmission mains and 
distribution piping.  The system is operated as a single pressure zone. 

Water Demands 
An important part of the plan is the establishment and projection of water demands.  It provides the basis for 
water supply needs and the determination of required transmission and storage capacity.  This section 
provides a description of both existing and future demands.  

Existing water system demand scenarios were developed based on historical data for maximum day demands 
(MDD), average day demands (ADD), and average of minimum month demands (MMD). 
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Future demands were calculated for three planning horizons:  2015 “Short-Term,” 2030 “Mid-Range,” and 
build-out of the urban reserve area (URA) or “Long-Term.”  Year 2015 and 2030 demands were based on 
population projections and the long-term demands were based on land area due to a lack of a population 
projection for build-out of the URA.  All undeveloped land within the urban growth boundary (UGB) and 
the total land area within the City URA were used to calculate additional demand at URA build-out. 

A summary of existing and future water system demands is provided in Table ES-1. 
 

Table ES-1.  Summary of Water Demands 
Year ADD (mgd) MMD (mgd) MDD (mgd) 

Existing 2.77 1.32 6.26 
2015 3.44 1.63 7.76 
2030 4.86 2.31 10.94 
URA build-out 5.68 2.70 12.81 

 

Fire flow demands are another important component of the water system plan.  Fire flow demands are used 
to evaluate the system capacity to supply adequate water for fire suppression.  Table ES-2 lists the assigned 
fire flow rates for both existing and future system evaluations for each land-use type in the City’s planning 
information.  Estimates are based on general information provided by the fire district.  The City did not 
provided fire demands for any structures within the system service area that exceeded the demands listed in 
Table ES-2.  
 

Table ES-2.  Fire Flow Demands 
Land Use Fire Flow (gpm) Duration (hr) City Lot Type Code1

Industrial 3,500 3 HI, LI 
Institutional (Public) 3,500 3 PUBLIC 
Commercial 2,500 3 GC, HC, LC 
Mixed Use 2,000 2 MU 
Multi-Family Residential 1,500 2 MFD, MFR, MH, MHP 
Single Family Residential 1,000 2 SFR 

1 Suffixes of the codes used in the “Lottype” field of the City’s zoning shapefile (ZONING.shp). 
 

Computer Model Development 
A hydraulic computer model of the City’s water distribution system was developed to be used as a tool for 
evaluating the existing system and any proposed improvements to the system.  Two versions of the model, a 
stand-alone version and a City/MWC combined version, were created and delivered to the City.  The stand-
alone model was delivered to the City at the completion of Phase I.  The combined model was developed in 
Phase II for the evaluations performed for this master plan.  This report documents the process of integrating 
the City and MWC models, model scenarios, demand allocation, and model calibration.  For a detailed 
description of the model attributes and methodology used to create the model, refer to Appendix B, Model 
Creation Memorandum.  
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Level of Service Goals 
Level of service goals and system evaluation criteria were developed to ensure the desired level of service to 
each customer and to maximize the efficiency of the future system.  The criteria for system supply, 
conveyance, storage, and reliability were reviewed and compared to Oregon state regulations and 
recommendations and to industry standards.  The level of service goals and system evaluation criteria are 
documented in this report. 

System Evaluation 
The level of service goals and system evaluation criteria were used to evaluate the existing and future system.  
A number of improvements were developed to address deficiencies identified in the evaluation.  The 
improvements were designed to the standards laid out in the evaluation criteria. 

Existing System Evaluation 

The existing water system evaluation included an analysis of the City transmission piping, pumping, storage, 
and supply facilities.  The combined computer model developed for this project was used to simulate the 
demand conditions that represent the greatest strain on the system: a 24-hr MDD simulation and a steady 
state MDD plus fire flow simulation.  Model results were compared to evaluation criteria.  Areas in the 
existing system that did not meet the criteria are identified as deficiencies that should be addressed. 

Pump Stations 

There is one pump station in the system, which is used to boost distribution system pressure during peak 
hour demands.  However, current operations of the pump station and the 1 MG Tank supply flow control 
valve (FCV) limit the effectiveness of this pump station. 

Supply 

The system supply was evaluated on capacity, quality, and reliability.  The capacity, quality, and reliability of 
the City’s supply is heavily dependent on the capacity and reliability of its supplier, the MWC water system.  
Water quality testing performed by the City indicates that the water supply meets state and federal regulations.   

Currently, the City is limited to 4,800 gpm or 6.8 mgd according to their agreement with MWC.  The City is 
responsible for serving demand greater than 4,800 gpm, such as peak hour demand, from equalization 
storage.  However, historical records and model evaluation indicate that during maximum day conditions, the 
hydraulic grade provided by MWC through the mater meter stations (MMS) is inadequate to refill equalization 
storage.   

Storage 

Available storage capacity was compared to the required equalization, fire and emergency storage for the 
system and it was found that an additional 0.49 MG is needed to meet storage requirements of the existing 
system. 

Piping 

Evaluation of the existing system piping included analysis of standard operating pressures, velocity, headloss, 
and fire flow capacity.  Figures 6-3 and 6-4 show pressure and fireflow deficiencies in the existing system. 
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Future System Evaluation 

The URA build-out scenario was evaluated first in the combined model to develop the improvements needed 
to meet the level of service goals at build-out of the future City service area.  The 2030 and 2015 scenarios 
were then model to estimate the year at which each improvement will be needed.  Improvements were 
developed for the URA build-out system first so that all improvements could be sized to meet build-out 
demands.  All improvements were tested under the appropriate 24-hour extended period and fire flow 
conditions.  The system improvements developed through the future system evaluation are shown in 
Figure 6-5.  A hydraulic schematic of the future system at URA build-out is shown in Figure 6-6. 

Recommendations  
A CIP was developed to assist the City in budgeting for the improvements needed to provide the required 
level of service to the City water customers.  The improvement projects developed in the future system 
analysis were prioritized to meet system demands through build-out of the future City service area.  All 
projects were categorized into short, mid, and long-term projects.  Planning level costs were estimated for 
each project.  The CIP is summarized in Table 7-1.  Figures 7-2 through 7-9 show the layout of each 
improvement project (Figures 7-3 through 7-9 will be included in the final report).  

Report Limitations 
This document was prepared solely for the City in accordance with professional standards at the time the 
services were performed and in accordance with the contract between the City and Brown and Caldwell in 
May 2008.  This document is governed by the specific scope of work authorized by the City; it is not intended 
to be relied upon by any other party except for regulatory authorities contemplated by the scope of work.  We 
have relied on information or instructions provided by the City and other parties and, unless otherwise 
expressly indicated, have made no independent investigation as to the validity, completeness, or accuracy of 
such information.  
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W A T E R  S Y S T E M  M A S T E R  P L A N  

1 .  I N T R O D U C T I O N  

This report documents the Water System Master Plan for the City of Central Point, Oregon (City).  The 
project was completed in two phases.  Phase I included the model development, calibration, and training for 
City staff to use the model.  Phase II included a hydraulic analysis of the system using the model and the 
master planning efforts.  A report was provided at the completion of Phase I, documenting the existing 
system information and computer model development.  This Master Plan report includes information from 
the Phase I report and documentation of the master planning effort.  This section of the report describes the 
purpose and activities of the master plan study. 

1.1 Statement of Purpose  

 

The purpose of the Water System Model Build and Master Plan Project was to 1) provide a hydraulic 
computer model of the City water system and 2) create a master plan to provide the basis for a capital 
improvements plan (CIP).  The model is intended to serve as a tool for the City’s evaluation, planning, and 
design activities.  The master plan, and more specifically the CIP, is intended to provide the plan to improve 
and expand the City water system in the most cost-effective manner.  Specific attention was given to the 
improvements needed to limit the City’s peak demand on the Medford Water Commission (MWC) water 
system. 

1.2 Study Activities 
This project included the creation of a combined computer model of the MWC and Central Point water 
systems, an evaluation of the existing water system for deficiencies, the development of projects for 
upgrading the water system, and the preparation of cost estimates for improvements.  City staff was consulted 
to gain a comprehensive understanding of the water system, to ensure the accuracy of the information being 
analyzed, and to determine practical and effective improvement alternatives.  

Phases I and II both included the project management and data gathering tasks described below.  All other 
tasks for Phase I and II are described separately.   

Task 1 – Project  Management.  This task included meetings with City personnel and internal quality 
assurance/quality control (QA/QC) and technical reviews.  Regular meetings and telephone conferences were 
held between Brown and Caldwell and City personnel to review project progress and issues.  Brown and 
Caldwell conducted internal QA/QC meetings and held periodic meetings with technical experts within the 
company during the project.  

Task 2 – Data Gathering.  A project kickoff meeting was held during which Brown and Caldwell collected 
data from the City and discussed the project schedule.  Interviews were conducted with City personnel to 
gather information on the operation and maintenance of the system and any known deficiencies.  Site visits 
were made to specific facilities to gain a greater understanding of the system.  The City also provided 
requested information throughout the course of the project. 
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1.2.1 Phase I Tasks  

 

Task 3 – Water Demand Study.  Total system water use was calculated from the City’s water purchase 
records for three demand conditions: average annual or average day demand (ADD), average winter or 
minimum month demand (MMD), and maximum day demand (MDD).  Demands were calculated for each 
customer from the City’s water billing records for each demand condition.  Customer demands were adjusted 
to match total system water use to include unaccounted for water.  Two system wide diurnal use patterns 
were developed from the City’s supervisory control and data acquisition (SCADA) records: one for MDD 
and one for ADD and MMD.  Fire flow demands were developed with the City’s input for each land use type 
within the city. 

Task 4 – Hydraulic Model.  A computer model of the City’s water distribution system was created for this 
project.  Brown and Caldwell prepared a technical memorandum detailing the methods and assumptions used 
in the development of the model (included in Appendix B).  The memorandum provides a reference for the 
City’s future use of the model.  The model was created in MWH Soft’s InfoWater software from the City’s 
Geographical Information System (GIS) data and from information gathered through interviews with City 
staff.  The demands developed in the Water Demand Study were allocated in the model based on the tax lot 
number or street address of each existing customer.  The model includes scenarios for the three demand 
conditions: ADD, MMD, and MDD.  The model was created as an extended period simulation (EPS) by 
adding the appropriate diurnal pattern, pump controls, and flow control valve settings for each scenario.  
Facility elevations were interpolated from the City’s most recent contour data.  Hydrant junctions were 
created in the model and assigned the appropriate fire flow demand. 

Task 5 – Model Calibration.  The distribution system model was calibrated by adjusting model settings so 
that model results matched field data.  Brown and Caldwell created a technical memorandum outlining the 
calibration testing plan (included in Appendix C).  A Brown and Caldwell representative assisted staff from 
Public Works Management (PWM) and the City to perform the testing.  Calibration testing of the distribution 
system included hydrant testing for the hydraulic calibration of the model and collection of SCADA data for 
two 24-hour periods for the operational, or dynamic, calibration.  

Task 6 – Model Build Technical Report and Model Training.  A draft version of this report was submitted 
to the City for review and comment.  The report was modified to incorporate the City’s comments and three 
printed copies of the final report were submitted to the City.  A digital copy of the final submittal (pdf 
format) and the computer model were also provided to the City.  The City was also trained to use and 
maintain the computer model of the water system. 

1.2.2 Phase II Tasks 

Task 3 – Develop Future Water System Model.  Future water demand projections were developed from 
land use planning and population projections.  The proposed future system facilities were added to model 
scenarios representing the 2015, 2030, and build-out planning horizons.  The projected water demands were 
allocated in the computer model. 

Task 4 – Evaluate Water Distribution System.  Criteria, or level of service goals, were established with input 
from City staff for evaluating the existing water system and designing proposed improvements to the system.  
The criteria were used to: 1) evaluate the existing system, and 2) design improvements required to address any 
existing deficiencies and serve future growth in the system. 
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Task 5 – Develop Capital Improvements Plan.  Improvements developed during the water system 
evaluation were grouped into projects that were prioritized in order of importance.  A completion year was 
assigned to each project based on the evaluation of the different planning horizons (2015, 2030, and build-
out).  Planning level cost estimates were developed for each project and the costs were compared to the City’s 
financial plan to ensure that the capital improvements plan could be financed by the City. 

Task 6 – Prepare Master Plan Report.  A draft version of this report was submitted to the City for review 
and comment.  The final copy is a revision of the draft based on the comments provided by the City. 

 

 
1-3 

DRAFT for review purposes only. 
Use of contents on this sheet is subject to the limitations specified at the end of this document. 



W A T E R  S Y S T E M  M A S T E R  P L A N  

2 .  E X I S T I N G  S Y S T E M   

The City of Central Point, Oregon (City) owns and operates the water system which services the majority of 
the residential, commercial, and industrial customers within its city limits.  A small number of customers 
within the city boundaries are served directly by the Medford Water Commission (MWC).  The City also 
serves a few industrial customers north of the city limits near Highway 99.  Figure 2-1 shows the layout of 
the distribution system facilities.  Figure 2-2 shows a hydraulic schematic of the system, which illustrates the 
relationship between the delivery points (called master meter stations), reservoirs, and the pump station. 

The City purchases water from MWC, which is delivered to the system at three locations.  The distribution 
system consists of two storage reservoirs, a pump station, and a network of transmission mains and 
distribution piping.  The system is operated as a single pressure zone.  This section summarizes the existing 
facilities that are included in the computer model.  

2.1 Water Supply  
The City obtains its water through a wholesale agreement with MWC, a regional water provider that also 
supplies water to the City of Medford and five neighboring communities.  MWC has two sources of supply.  
The primary source is Big Butte Springs, which supplies approximately 25.4 million gallons per day (mgd) of 
water year round to the MWC system.  When demands exceed the supply from Big Butte Springs, MWC 
operates the 45 mgd Duff Water Treatment Plant (WTP) on the Rogue River.  The Duff WTP usually 
operates from May through October.  The maximum day demand (MDD) for the entire MWC system in 
2006 was 52 mgd. 

MWC delivers water to the City by gravity at the three master meter stations.  Each master meter station has a 
flow control valve (FCV) and a flow meter to regulate inflow to the City’s system and check valves to prevent 
backflow to the MWC system.  Each master meter station is referred to by the street name where it is located.  
Table 2-1 describes each of the delivery points. 
 

Table 2-1.  Master Meter Station Summary 
Resulting Hydraulic Grade (feet)3

Station Location 
Supply Line Diameter 

(inches) 
Elevation 

(feet)1
Delivery Pressure Range2 

(psi) Low High 
Beall 1253 Beall Lane 36 1297 50-99 1412 1525 
Hopkins  625 Hopkins Road 16 1280 57-115 1411 1545 
Vilas 240 Vilas Road 36 1288 61-114 1429 1551 
1 Ground elevation interpolated from City contour data. 
2 Minimum and maximum from three summer weeks of SCADA records. 
3 Delivery pressure in feet of head plus elevation.  
 
Pressures fluctuate over a broad range at the master meter stations.  This occurs because MWC must pump 
water from the Duff WTP through a series of pump stations to supplement water supply during the high 
demand months.  Operation of these pumps creates the large pressure fluctuations at the Central Point meter 
stations listed in Table 2-1.  The pressures listed were compiled from three separate weeks of SCADA data 
provided for this project (the first week of June 2007, the first week of July 2007, and the second week of 
August 2007).  The City reports that pressures have dropped as low as 45 psi at the master meter stations. 
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Section 2:  Existing System Water System Master Plan 

2.1.1 Water Rights  

 

 

To be included with final draft. 

2.1.2 Water Quality 

To be included with final draft. 

2.2 Storage Tanks 
There are two water storage tanks in the City’s water distribution system: the 1 million gallon (MG) tank and 
the 2 MG tank.  The 1 MG tank is a ground-level, concrete tank located at the Public Works Department 
maintenance shops.  Water is supplied to this tank through an altitude valve.  Flow from the tank must be 
pumped to the hydraulic grade of the system.  When system pressures drop below a set pressure, the Shop 
Pump Station pumps out of the tank to the distribution system.  Figure 2-3 shows the 1 MG tank.  

 
Figure 2-3.  1 MG Tank 

The 2 MG tank is a partially-buried, concrete tank located at a higher elevation in the hills west of the City.  
The tank has separate inflow and outflow control valves.  The inflow valve is an altitude valve with a check 
valve that only allows flow into the tank.  The outflow valve is a flow control valve that regulates flow to 
prevent the tank from draining during summer time operations, when the pressures at the master meter 
stations are low and the hydraulic grade in the system drops below the elevation of the tank during much of 
the daytime.  The 2 MG tank is pictured on the cover of this report.  Table 2-2 lists details about the two 
storage tanks. 
  

Table 2-2.  Storage Tanks Details 
Tank Type Base Elevation (feet) Overflow Height (feet) Diameter (feet) Capacity (gallons) 
1 MG Ground-Level Concrete 1282 30.25 75 1,000,000 
2 MG Partially-Buried Concrete 1450.75 24.25 122 2,120,000 
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Section 2:  Existing System Water System Master Plan 

2.3 Flow Control Valves  
There are six FCVs in the City’s water system, including one at each master meter station—two at the 2 MG 
tank, and one at the 1 MG tank.  Details for the six flow control valves are listed in Table 2-3.  Different 
settings are used for the master meter station valves for the summer and the low demand seasons.  The meter 
station valves frequently operate fully open during the summer without meeting the maximum flow setting 
due to inadequate head in the MWC system. 
  

Table 2-3.  Flow Control Valve Details 
Valve Control Type Summer Setting Low Demand Setting 

Beall Meter Station Pressure regulating 80 psi 70 psi 
Hopkins Meter Station Flow regulating 3000 gpm 500-1200 gpm 
Vilas Meter Station Pressure regulating 80 psi 70 psi 
1 MG Tank Inflow Altitude valve Opens @ Tank Level <60% 

Closes @ Tank Level =100% Same 

2 MG Tank Inflow Altitude valve Opens @ Tank Level <70% 
Closes @ Tank Level =100% Same 

Tank Level % Open
80-100% 30% 
70-80% 20% 
60-70% 10% 
50-60% 5% 

2 MG Tank Outflow Percent open based on tank level 

<50% 0% 

Same 

 

2.4 Pump Station  
The only pump station in the City’s water system is located at the Public Works Department maintenance 
shops.  The pump station pumps from the 1 MG tank to the distribution system.  There are two identical 
pumps at the pump station and a pad for a third pump.  Information provided by the vendor for the pumps 
can be found in Appendix A.  The following list summarizes the information for each pump: 
 Horsepower: 40 hp 
 Drive: Constant Speed 
 Reported Impeller Size: 8.52 inches 
 Stages: 4 
 Operating Point: 900 gpm @ 130 feet 

The total dynamic head for the operating point of the pumps was calculated from the suction and discharge 
pressures recorded in SCADA data.  Flow rate through the pump station is not metered, so flow for the 
operating point of the pumps was calculated from the rate of change in 1 MG tank level when the supply 
FCV to the tank was closed.  Figure 2-4 shows the operating point compared to the manufacturer’s pump 
curve for one pump running.  The pump curve was adjusted to match the current operating point of the 
pumps. 
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Section 2:  Existing System Water System Master Plan 
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Figure 2-4.  Shop Pumps Operating Point vs. Pump Curve 

 

Under existing operations, the pump station frequently discharges water from the 1 MG tank to the 
distribution system at the same time that the tank is filling from the distribution system.  When this occurs, 
much of the flow from the pump station circulates back into the 1 MG tank. 

2.5 Pipe Network  
The City’s existing distribution system is comprised of piping ranging in diameter from 2 to 16 inches.  The 
majority of the 16-inch piping serves as transmission piping from the 2 MG tank and the Beall and Vilas 
master meter stations.  The City has created a network of 12-inch transmission piping throughout the water 
system, which conveys water from the tanks and master meter stations to the distribution mains.  The total 
length of piping in the system is about 450,000 feet.  Table 2-4 lists the length of piping in the water system 
by pipe material and diameter. 
 

Table 2-4.  Water System Piping 
Length (feet) by Pipe Diameter (inches) 

Pipe Material 2 3 4 6 8 10 12 16 Total 
Asbestos cement (AC)     4,313  32,721  27,822  3,365  24,584    92,805  
Cast iron (CI)     36,387  3,242  666    2,229    42,523  
Copper         232                232  
Ductile iron (DI)         135    2,909  24,261   146,536  2,784  91,958  16,939  285,522  
Galvanized steel          54                54  
Polyvinyl chloride (PVC)         187           23    2,163       5,455        7,828  
Unknown       474     11,520         8,146    20,140  
Total 608  23  43,609  62,861   191,998  6,149   126,917  16,939  449,105  
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W A T E R  S Y S T E M  M A S T E R  P L A N  

3 .  W A T E R  D E M A N D S  

This section describes how the demands used to evaluate the City of Central Point, Oregon (City) water 
system were developed.  A description of both existing and future demands is provided.  Section 4 of this 
report describes how the demands were allocated in the computer model used in the master plan. 

3.1 Existing System Demands   
Existing water system demand scenarios were developed for maximum day demands (MDD), average day 
demands (ADD), and average of minimum month demands (MMD).  The City provided the monthly 
Medford Water Commission (MWC) water purchase records from which total system ADD and MMD were 
calculated.  The historical system MDD was provided by City staff.  2006 data was the most recent full year 
of data available at the time that the existing system demands were calculated.  Table 3-1 lists total system 
demands for the existing water system. 
  

Table 3-1.  Total Existing System Demand 
Demand Condition Daily Demand (mgd) Demand (gpm) Scaling Factor from ADD 

ADD1 2.77 1,927 1.0 
MMD1 1.32 916 0.48 
MDD2 6.26 4,349 2.25 

1 From year 2006 MWC water purchase records. 
2 Reported by City Staff.  Occurred August 18, 2006. 

 

Monthly water demands were calculated for each customer for 2006 from the City’s water billing database.  
Total metered consumption is typically less than total system demand as calculated from water production 
records.  This is primarily due to unaccounted for water losses in the system.  Individual customer demands 
were scaled up to proportionally distribute the unaccounted for water throughout the system.  The customer 
demands were assigned as model demands to the model junction located nearest to the customer address 
listed in the water billing database.  Table 3-2 provides a comparison of the total customer demand, the total 
system demand, and the percent unaccounted for water. 
 

Table 3-2.  Unaccounted for Water 
Water Use ADD (mgd) MMD (mgd) MDD (gpm) 

Total consumption 2.62 1.26 Not available 
Total system demand  2.77 1.32 6.26 
% Unaccounted for water 6 4 Not available 



Section 3:  Water Demands Water System Master Plan 
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3.2 Future System Demands 
Demands were calculated for the future service area of the water system for three planning horizons: 2015 
“Short-Term”, 2030 “Mid-Range”, and build-out of the urban reserve areas (URA) (URA build-out or “Long-
Term”).  The URA build-out future service area includes the City’s established urban growth boundary 
(UGB) and the URA designated to the City.  Figure 3-1 shows the planned URA build-out service area of the 
City system. 

3.2.1 2015 and 2030 Demand 

Year 2015 and 2030 demands were based on population projections.  The 2030 population of 29,000 was 
taken from the City’s Transportation Master Plan.  The population at year 2015 was linearly interpolated to be 
20,510 from the existing and 2030 population.  For consistency with the existing system demand calculations, 
the City’s 2006 population of 16,550 was used for existing population.  

A demand of 168 gallons per day (gpd) per person was calculated from the 2006 water demand and 
population data.  The total system ADD was calculated from the population projections and the 168 gpd per 
person.  The scaling factors listed in Table 3-1 were again used to calculate MMD and MDD from ADD.  
2015 and 2030 demands are summarized in Table 3-3.  
 

Table 3-3.  2015 and 2030 Demand Summary 
Year ADD (mgd) MMD (mgd) MDD (mgd) 
2015 3.44 1.63 7.74 
2030 4.86 2.31 10.94 

3.2.2 URA Build-out Demand  

Due to the lack of a population projection for build-out of the URA, URA build-out demands were based on 
land area.  All undeveloped land area within the UGB and the total land area within the City URA were used 
to calculate additional demand at URA build-out.  Tax lots not included in the water billing records were 
assumed to be undeveloped area within the UGB.  This assumption was verified by reviewing aerial photos.  

The demands for undeveloped areas were calculated by first finding the total area of each land use type for 
the undeveloped UGB area and the URA.  The City planning department provided a breakdown by land use 
of the City URA.  Land use of the undeveloped area within the UGB was extracted from the City’s Land Use 
Plan.  The demands were then calculated by multiplying the areas by a unit use rate developed for each land 
use type.  The unit use rates were calculated for ADD from existing water use records and land use 
information.  Table 3-4 lists total additional demand by land use for the undeveloped UGB and URA.  
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Section 3:  Water Demand Water System Master Plan 
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Table 3-4.  URA Build-out Demand Area 
Land Use Area (acres) Unit Use Rate (gpm/ac) Unit Use Rate (gpd/ac) 

Undeveloped UGB Area 
Bear Creek Greenway (BCG) 65 No Demand No demand 
Commercial – Medical District (C-2(M)) 3 1.02 1,472 
Tourist and office (C-4) 67 0.91 1,316 
Thoroughfare commercial (C-5) 12 0.91 1,310 
Civic 22 0.67 965 
Neighborhood commercial (CN) 13 0.29 421 
Employment commercial (EC) 14 0.88 1,274 
General commercial (GC) 17 0.34 493 
High mix residential/commercial (HMR) 25 0.74 1,071 
I-5 Highway (I5) 25 No demand No demand 
Low mix residential (LMR) 59 1.24 1,790 
Industrial (M-1) 141 0.10 149 
General industrial (M-2) 37 0.07 106 
Medium mix residential (MMR) 32 1.10 1,577 
Open space (OS) 56 0.83 1,189 
Oregon Dept. of Transportation (ODOT) 11 No demand No demand 
Park 8 1.20 1,734 
Single-family residential-10,000 (R-1-10) 21 1.26 1,815 
Single-family residential-6,000 (R-1-6) 76 1.02 1,470 
Single-family residential-8,000 (R-1-8) 47 1.21 1,746 
Two-family residential (R-2) 31 1.24 1,783 
Multiple family residential (R-3) 44 1.22 1,751 
Low density residential (R-L) 31 0.30 438 
Central Point URA 
Residential 900 1.1 1,583 
Commercial 85 0.67 967 
Industrial 580 0.48 688 
Institutional 54 0.67 965 
Open Space 221 0.83 1,189 
 

Table 3-5 summarizes the projected future demand at URA build-out calculated from the land use area and 
unit use rates listed in Table 3-4.  The MMD and MDD were calculated using the scaling factors listed in 
Table 3-1. 
 

Table 3-5.  URA Build-out Demand Summary 
Demand Source ADD (mgd) MMD (mgd) MDD (mgd) 

Existing customers 2.77 1.32 6.26 
Additional undeveloped UGB 0.69 0.33 1.55 
Additional URA 2.22 1.06 5.00 
Total 5.68 2.71 12.81 



Section 3:  Water Demands Water System Master Plan 

3.3 Diurnal Pattern  
The daily water use pattern, or diurnal pattern, represents the fluctuation in demand over a given day.  The 
diurnal patterns were calculated from SCADA records of tank levels and flow rates through the master 
meters.  Separate diurnal patterns were calculated for typical average and maximum demand days.  The 
average day diurnal pattern was used for the MMD and ADD scenarios and the maximum day diurnal pattern 
was used for the MDD scenario.  Figure 3-2 shows the two diurnal patterns. 
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Figure 3-2.  Diurnal Patterns 

 

3.4 Fire Flow Demands  
Fire flow demands are used to evaluate the system capacity to supply adequate water for fire suppression.  
Each land use type in the City’s planning information was assigned a fire flow demand.  Table 3-6 lists the 
assigned fire flow rates for both existing and future system evaluations.  These estimates are based on general 
information provided by the fire district.  The City did not provided fire demands for any structures within 
the system service area that exceeded the demands listed in Table 3-6.  
 

Table 3-6.  Fire Flow Demands 
Land Use Fire Flow (gpm) Duration (hr) City Lot Type Code1

Industrial 3,500 3 HI, LI 
Institutional (public) 3,500 3 PUBLIC 
Commercial 2,500 3 GC, HC, LC 
Mixed use 2,000 2 MU 
Multi-family Residential 1,500 2 MFD, MFR, MH, MHP 
Single-family residential 1,000 2 SFR 

1 Suffixes of the codes used in the “Lot type” field of the City’s zoning shapefile (ZONING.shp). 
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Section 3:  Water Demands Water System Master Plan 

3.5 Demand Summary  
The system demands, diurnals, and fire flow patterns presented in this section will be used in the evaluations 
performed for this master plan.  The total system demands are summarized in Table 3-7.  
 

Table 3-7.  Summary of Water Demands 
Year ADD (mgd) MMD (mgd) MDD (mgd) 

Existing 2.77 1.32 6.26 
2015 3.44 1.63 7.76 
2030 4.86 2.31 10.94 

URA build-out 5.68 2.70 12.81 
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4 .  C O M P U T E R  M O D E L  D E V E L O P M E N T  

A hydraulic computer model of the City of Central Point’s (City) water distribution system was developed to 
be used as a tool for evaluating the existing system and any proposed improvements to the system.  Two 
versions of the model, a stand-alone version and a City/Medford Water Commission (MWC) combined 
version, were created and delivered to the City.  The stand-alone model was delivered to the City at the 
completion of Phase I.  The combined model was developed in Phase II for the evaluations performed for 
this master plan.  This section provides a basic description of the model, including the process of integrating 
the City and MWC models, model scenarios, demand allocation, and model calibration.  For a detailed 
description of the model attributes and methodology used to create the model, refer to the Model Creation 
Memorandum in Appendix B.  

4.1 General Model Description  

 

 

City records and GIS data were used to create a hydraulic computer model of the water distribution system.  
City staff were interviewed to understand system operations and to clarify questions about the available data.  
MWH Soft® was chosen as the selected modeling software so that the City’s model could be combined with 
the MWC InfoWater® model.  

A copy of the combined model is included on the CD in this report.  The model consists of an ArcGIS .mxd 
file (CP_WSMP_Model.mxd) and a .IWDB folder which contains the model attribute data 
(CP_WSMP_Model.IWDB).  

4.2 Model Integration 
A combined model of the City and MWC water systems was created to provide a more accurate 
representation of the effects of MWC system improvements and operational changes on the City water 
system.  The combined model was needed to evaluate projects that could potentially be shared between the 
City and MWC.  A copy of the City’s stand-alone model, called “CP_ExistWaterModel,” was delivered to the 
City with the Phase I Report.  The stand-alone model only included existing system scenarios and City system 
facilities.  The stand-alone model was combined with the MWC model dated November 18, 2008, which was 
the most current version of the model at the time.  The combined City/MWC combined model is called 
“CP_WSMP_Model.”  

The combined model was used for all evaluations done for this Master Plan.  City and MWC facilities were 
assigned a prefix of ‘CCP-‘ or ‘MWC-‘ respectively in the model.  The combined model includes the existing 
system scenarios and all future scenarios created for the Master Plan.  The combined model provides a more 
accurate representation of the interaction between the City and MWC system; however, it is also more 
complicated to use because it includes all MWC facilities, some of which have complex control strategies.  

4.3 Model Scenarios 
Several scenarios were created for this project to simulate system performance with different system demands 
and operational settings.  Scenarios were also added to the model to include different facilities for future 
planning purposes.  All of the scenarios included in the model can be categorized as follows: 
 Base–Not used for evaluation purposes, only to store model facility data for the other scenarios. 
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 Calibration–Simulate the system at the time of each field test, used to calibrate the model to field data.  Calibration–Simulate the system at the time of each field test, used to calibrate the model to field data. 
 Existing System (2008)–Evaluate the existing system  Existing System (2008)–Evaluate the existing system 
 Future System–Evaluate the proposed future improvements for the 2015, 2030, and URA build-out horizons.  Future System–Evaluate the proposed future improvements for the 2015, 2030, and URA build-out horizons. 

All scenarios except for the Base scenario are extended period simulations, to simulate 24 hour operations in 
the system. 
All scenarios except for the Base scenario are extended period simulations, to simulate 24 hour operations in 
the system. 

4.4 Model Demands 4.4 Model Demands  

 

 

 

The existing and future demands described in Section 3 of this report were allocated in the model as 
described below.  The MWC demands used in the combined computer model are also described. 
The existing and future demands described in Section 3 of this report were allocated in the model as 
described below.  The MWC demands used in the combined computer model are also described. 

4.4.1 Existing System Demand Allocation  4.4.1 Existing System Demand Allocation  

Existing system demand allocation consists of appropriately distributing the total system demand in the 
computer model.  The following steps describe how the existing system demands were assigned to the model.  
Figure 4-1 illustrates the process graphically. 

Existing system demand allocation consists of appropriately distributing the total system demand in the 
computer model.  The following steps describe how the existing system demands were assigned to the model.  
Figure 4-1 illustrates the process graphically. 

1. Obtain billing data including addresses for each customer and calculate the MDD of each 
(described in Section 3). 

1. Obtain billing data including addresses for each customer and calculate the MDD of each 
(described in Section 3). 

2. Geocode (locate geographically) each of the customers either by matching the customer to a parcel 
or by street address (described in Section 3). 

2. Geocode (locate geographically) each of the customers either by matching the customer to a parcel 
or by street address (described in Section 3). 

3. Flag each junction in the model as a demand junction or non-demand junction.  Non-demand 
junctions will not have a demand, such as junctions on a transmission pipeline or at a pump station 
or storage tank. 

3. Flag each junction in the model as a demand junction or non-demand junction.  Non-demand 
junctions will not have a demand, such as junctions on a transmission pipeline or at a pump station 
or storage tank. 

4. Calculate the total demand at each demand junction as the sum of the demand for the customers 
closest to each junction.  This step was done using MWH InfoWater tools. 

4. Calculate the total demand at each demand junction as the sum of the demand for the customers 
closest to each junction.  This step was done using MWH InfoWater tools. 

  

 

Legend 
Pipe 
Trans. Pipe 
Junction 
Tank 
Service Area 
Customer 

Step 3.  Flag as non-demand 
junction (all others in this 
example are demand junctions) 

Step 4.  Assign demand 
for each demand junction 

Steps 1 and 2.  Obtain 
and geocode customers 

Figure 4-1.  Existing Demand Allocation from Billing Data 
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4.4.2 Future System Demand Allocation 4.4.2 Future System Demand Allocation   

Future system demand allocation involves distributing the projected future system demands to the 
appropriate nodes in the computer model.  The following steps describe how the future system demands 
were assigned to the model. 

Future system demand allocation involves distributing the projected future system demands to the 
appropriate nodes in the computer model.  The following steps describe how the future system demands 
were assigned to the model. 

1. Obtain shapefiles of the general land use plan and develop unit-use rates for each land use 
category.  Calculate the total demand for each land use area (described in Section 3). 

1. Obtain shapefiles of the general land use plan and develop unit-use rates for each land use 
category.  Calculate the total demand for each land use area (described in Section 3). 

2. Flag each junction in the model as a demand junction or non-demand junction.  Non-demand 
junctions will not have a demand, such as junctions on a transmission pipeline or at a pump 
station. 

2. Flag each junction in the model as a demand junction or non-demand junction.  Non-demand 
junctions will not have a demand, such as junctions on a transmission pipeline or at a pump 
station. 

3. Create Thiessen polygons around each demand junction and calculate the area of each polygon.  
Thiessen polygons define the area of influence around each demand junction (as shown in 
Figure 4-2). 

3. Create Thiessen polygons around each demand junction and calculate the area of each polygon.  
Thiessen polygons define the area of influence around each demand junction (as shown in 
Figure 4-2). 

4. Calculate the total demand for a junction by multiplying the area of each land use category that falls 
within the junction’s Thiessen polygon by the corresponding unit-use rates. 

4. Calculate the total demand for a junction by multiplying the area of each land use category that falls 
within the junction’s Thiessen polygon by the corresponding unit-use rates. 

  

 

Step 3.  Create Thiessen 
polygons 

Step 4.  Calculate demand 
for each demand junction 

Pipe 
Trans. Pipe 
Junction 
Tank 
Thiessen  
 Polygon 
Land Use 

Legend 

Step 2.  Flag as non-demand 
junction (all others in this 
example are demand junctions) 

Figure 4-2.  Demand Allocation by Land Area 

 

4.4.3 Diurnal Pattern  

 

For extended period model scenarios, a diurnal pattern is assigned to each junction to represent the 
fluctuation in demand over a given time period.  Section 3 of this report describes how the diurnal patterns 
were developed.  The appropriate diurnal pattern was assigned to each junction in the model. 

4.4.4 Fire Flow Demand Allocation 

Fire flow sets were created for the fire flow evaluation of the existing and future system.  Fire flow 
requirements by land use type were established in Phase I of the project.  The fire demands used are listed in 
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Table 3-6.  Each hydrant in the GIS shapefile of the City fire hydrants was assigned a fire flow based on the 
surrounding land use types.  The closest model nodes to each hydrant in the GIS was designated as fire nodes 
and assigned the fire flow demand required at the hydrant closest to it. 

4.4.5 MWC Demands  

MWC and their consultant provided 2008 and 2026 demands in the MWC computer model.  The 2008 
demands were used for the existing system evaluation.  After the existing system evaluation was performed 
using the provided demands, MWC reported that the 2008 demands were higher than actual 2008 demands.  
However, the MWC demands for the existing system were not adjusted because the affect on the evaluation 
of the City system was assumed to be negligible.  

The MWC model did not include scenarios for 2015, 2030 or URA build-out; therefore, demands and 
operational controls in the MWC system were not available for those timeframes.  As a result, the MWC 2008 
demands and controls were used in the combined model for the existing system and 2015 analyses and the 
MWC 2026 demand and controls were used for the 2030 and URA build-out analyses.  It is assumed that for 
the purposes of the hydraulic analysis in the City master plan this approach provides an adequate 
representation of the hydraulic grade in the MWC system at the City master meter stations.  The MWC model 
demands are summarized in Table 4-1. 
 

Table 4-1.  MWC Model Demands1

Year MDD (gpm) MDD (mgd) City Scenarios in Which They Were Used 
2008 37,282 53.7 Existing (2008) and 2015 
2026 60,079 86.5 2030 and URA build-out 

1 Includes all MWC, retail, and wholesale, customers except for Central Point. 
 

4.5 Model Calibration  

 

The model was calibrated to ensure that model results are representative of actual system operations.  Model 
calibration involves adjusting model parameters until model results match field test data.  Brown and Caldwell 
calibrated the stand-alone model of the City system in Phase I and calibrated the combined City/MWC model 
in Phase II.  In both cases, calibration testing plans were created for collecting field data for the model 
calibration (see Appendix C).  Representatives from Brown and Caldwell and the City then performed the 
field testing.  Both hydraulic (steady-state) and operational (dynamic) calibrations were performed on the 
model. 

4.5.1 Steady-State Calibration 

The purpose of steady-state calibration is to verify pipe connectivity (how pipes connect to other pipes), pipe 
roughness factors, and the elevation of facilities (i.e., tanks, pumps and valves) in the model.  In Phase I of 
the project, field data from the six hydrant tests performed on the system were used for the steady-state 
calibration.  In Phase II, results of the combined model were verified with field data from three additional 
hydrant tests performed on the system.  

The steady-state calibration scenarios in the model were set-up to represent the system on the day of testing.  
Demands for each scenario were scaled to match system demands at the time of the test.  Pump status and 
tank levels were set to match SCADA records at the time of each test.  For Phase I calibration, pressures at 
the master meter stations were set to match SCADA records at the time of each test.  For the combined 
model in Phase II, pressure at the master meter stations was calculated in the combined model.   
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Adjustments were made to the model until pressures in the model matched the recorded field data from 
before and during the hydrant test.  Some connectivity issues were corrected and some closed isolation valves 
were identified in areas that were under construction at the time of the test.  Some of the roughness factors 
were also decreased slightly to better match field results.  The steady-state calibration also indicated that field 
pressure readings at the Hopkins Master Meter Station are high.  

The model calibrated well.  Pressures in the model matched within 5 psi of pressures recorded during the 
field tests for seven of the nine tests.  The SCADA records showed that a sudden drop/spike in pressure 
occurred in the MWC system at the time of the 2 tests that could not be matched in the model.  It is assumed 
that the starting/stopping of one or more of the MWC pumps interfered with the test results of the two non-
matching tests.  The field test data and the steady-state calibration results are summarized in Appendix D. 

4.5.2 Dynamic Calibration  

The purpose of dynamic calibration is to verify the operational control settings in the model (i.e., valve 
settings and pump on/off controls).  The City’s SCADA records provided the information needed for the 
dynamic calibration.  In Phase I of the project, the model was calibrated to match field data for two 24-hour 
periods.  A third 24-hour period was used to verify results of the combined model created in Phase II of the 
project. 

For the Phase I calibration, an extended period scenario was created in the model for each 24-hour period.  
Demands in the model were scaled to match total system demands for the two calibration days.  Initial tank 
levels were set to match SCADA records for the 2 days.  The hydraulic grade at the master meter stations was 
set based on the SCADA records.  Model results were compared with data extracted from the SCADA 
records for the pressure stations, master meter flow rates, tank levels, and pumping status. 

For the Phase II calibration, a scenario was created in the model for a third 24-hour period.  Again, demands 
in the model were scaled to match total system demands for the calibration day and initial tank levels were set 
to match SCADA records for the two days.  In the combined model, the hydraulic grade at the master meter 
stations was calculated as part of the model results.  The hydraulic grade is primarily governed by pump 
station controls in the MWC system so controls on the MWC pumps were set to match operations for the 
calibration day. 

Dynamic calibration verified the results of the steady-state calibration and showed that the model provides an 
accurate representation of the water system.  Phase I Calibration results raised questions about the 2 MG 
Tank base elevation.  However, between Phase I and II, City staff verified the design drawing elevation of the 
2 MG Tank at 1450.75 feet.  Dynamic calibration in Phase II showed that model results were accurate with 
the 2 MG Tank base elevation at 1450.75 feet.  

The model is operationally well calibrated.  Graphs of dynamic calibration results are shown in Appendix E.  
The model pressure results are within approximately 5 psi of the average field pressures.  
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W A T E R  S Y S T E M  M A S T E R  P L A N  

5 .  L E V E L  O F  S E R V I C E  G O A L S  

This section describes level of service goals and other criteria to be used for evaluating the existing drinking 
water system and for the design of future improvements in the model.  The section lists the specific capacity, 
operations, and reliability requirements for supply, piping, pumping, and storage facilities.  The criteria were 
developed to ensure the desired level of service to each customer served by the City of Central Point, Oregon 
(City) and to maximize the efficiency of the future system.  

5.1 Reference Documents  

 

The criteria herein are based on state regulations and industry standards.  Where not otherwise established, 
criteria are based on engineering experience.  The documents reviewed to develop the criteria include: 

 Oregon Administrative Rule (OAR) 333-061-0050 [OAR, 2008]–This document contains the state 
regulations for transmission, supply, pumping, and storage facilities. 

 Recommended Standards for Water Works [WSC, 2007]–This document, frequently referred to as the Ten State 
Standards, is produced by the Water Supply Committee of the Great Lakes-Upper Mississippi River Board 
of State and Provincial Public Health and Environmental Managers.  It is widely accepted in the industry 
as a standard for the evaluation and design of water systems. 

 Manual of Water Supply Practices, M32, Computer Modeling of Water Distribution Systems [AWWA, 2005]– 
This document was referenced where criteria were not provided by the documents listed above. 

 International Fire Code (IFC) [ICC, 2003]–All fire flow criteria are based on this document and should be 
approved by the fire department. 

 Medford Water Commission Water Distribution System Facility Plan [MWC, 2007]–This document includes the 
criteria used by the Medford Water Commission (MWC) for the evaluation and design of water 
distribution system facilities.  

5.2 Supply Criteria 
The City obtains its water through a wholesale agreement with MWC.  The agreement is included in 
Appendix F.  The wholesale agreement establishes a maximum flow rate to be supplied to the City master 
meter stations.  The City is responsible for limiting demand on the MWC system to that flow rate, and MWC 
is responsible to ensure that there is adequate capacity and reliability in their system supply facilities.  The 
wholesale agreement with MWC is updated every 5 years, and the maximum flow rate specified in the 
agreement is based on the estimated average of maximum day demand (MDD) for the City during the 5-year 
term of the agreement.  The maximum flow rate to the City specified in the current agreement is 4,800 
gallons per minute (gpm) or 6.8 million gallons per day (mgd).  The agreement will be updated in 2010.  
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To ensure that City storage tanks can be used appropriately to serve peak hour demand (PHD) in the system, 
water must be supplied to the City system at a hydraulic grade that is consistently at or above the overflow 
elevation of the 2 MG tank.  Results from previous studies indicate that the City will be required to construct 
and operate pump stations at one or more of the master meter stations to supply the system at a consistent 
hydraulic grade.  Table 5-1 lists the criteria that will be used to design any future City supply pump stations. 
 

Table 5-1.  Supply Criteria 
Criteria Value\Description Reference 

Capacity 
Flow rate Equal to MDD [WSC, 2007] 
Head Maintain the hydraulic grade of the system supply high enough to recharge 

storage tanks MDD  

Reliability 
Redundant capacity Meet capacity requirements with the largest producing pump out of service [WSC, 2007] 
Power supply At least two independent power sources or a standby/auxiliary source should be 

provided (e.g., generator) 
[WSC, 2007] 

5.3 Pipe criteria  
Water system piping is categorized as transmission or distribution piping.  Transmission piping conveys water 
between major facilities such as wells, pump stations, and reservoirs and from those facilities to the 
distribution system.  Distribution piping provides local distribution of water to individual user service laterals.  
Table 5-2 lists the capacity and reliability criteria for evaluating and designing the water system piping. 
 

Table 5-2.  Pipe Criteria 
Criteria Value\Description Reference 

Capacity 
Required size  As calculated to meet pressure, velocity and headloss requirements for all 

flow conditions (minimum of 6-inches) 
[OAR, 2008] 

System Pressures   
Maximum operational 120 psi City 
Minimum  

At PHD 
MDD with fire demand 

 
35 psi 
20 psi 

 
City 

[OAR, 2008] 
Fire demands1

Single-family residential 
Multi-family residential 
Mixed use 
Commercial 
Industrial 
Institutional 

 
1000 gpm, 2 hour duration 
1500 gpm, 2 hour duration 
2000 gpm, 2 hour duration 
2500 gpm, 3 hour duration 
3500 gpm, 3 hour duration 
3500 gpm, 3 hour duration 

 
[ICC, 2003]2
[ICC, 2003]2
[ICC, 2003]2
[ICC, 2003]2
[ICC, 2003]2
[ICC, 2003]2

Velocity 
Maximum for design pipe3

Maximum for existing pipe 

 
5 feet / second 
10 feet / second 

 
[AWWA, 2005] 
[AWWA, 2005] 

Maximum headloss for MDD (Design)4   
Transmission pipe 2 feet / 1000 feet [AWWA, 2005] 
Distribution pipe 6 feet / 1000 feet [AWWA, 2005] 
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Table 5-2.  Pipe Criteria 
Criteria Value\Description Reference 

Reliability 
Transmission 
 

Redundant supply lines to hydraulically isolated areas wherever feasible [WSC, 2007] 

Distribution Looping wherever feasible [OAR, 2008] 
Location 
 

Water mains should be installed in public streets or other public access 
ways wherever possible 

[OAR, 2008] 

1 Also listed in Section 3. 
2 Flow rates and durations shown are typical fire flows for the land use listed based on calculations done by the fire department using the IFC [ICC, 2003]. 
3 AWWA recommends a maximum of 5 fps to avoid high headloss.  The cost of adding piping to meet this criterion may exceed the benefit; therefore, this 

criterion is provided by way of recommendation rather than requirement. 
4 AWWA recommends these criteria to avoid high operating costs.  The cost of adding piping to meet these criteria may exceed the benefits; therefore, these 

criteria are provided as recommendations rather than requirements. 

5.4 Pump Station Criteria  
Two types of pump stations are considered in this study:  pump-storage and booster.  Pump-storage pump 
stations pump from a storage tank directly to the distribution system and are frequently used to serve PHD.  
Booster pump stations add energy, or head, to maintain a flow rate and/or a hydraulic grade from a pressure 
zone or water system to another which is served by one or more storage tanks.  

The existing pump station in the City’s water system is a pump-storage station located at the Public Works 
Department maintenance shops.  Table 5-3 summarizes the evaluation and design criteria for the existing 
and future pump stations. 
 

Table 5-3.  Pump Station Criteria 
Criteria Value\Description Reference 

Minimum Capacity 
Pump-storage Designated portion of PHD (PHD minus the flow rate from elevated storage 

tanks in the system) 
Engineering 

judgment 
Booster Average of MDD [WSC, 2007] 
Reliability (All three types of pump stations) 
Redundancy Areas served by pumps should have a minimum of two supply pumps [WSC, 2007] 
Redundant pump sizing Pumps should be sized to meet the minimum capacity requirement with the 

largest pump out of service (redundant fire pumps are not necessary) 
[WSC, 2007] 

Power supply At least two independent power sources or a standby/auxiliary source (e.g., 
generator) should be provided 

[WSC, 2007] 

Suction tanks Wherever possible, booster pumps shall take suction from tanks and reservoirs 
to avoid the potential for negative pressures on the suction line which can 
result when the pump suction is directly connected to a distribution main 

[OAR, 2008] 

Operations (All three types of pump stations) 
Minimum suction pressure Pumps which take suction from distribution mains for the purpose of serving 

areas of higher elevation shall be provided with a low pressure cut-off switch 
on the suction side set at no less than 20 psi 

[OAR, 2008] 

Control settings Provide adequate range between high/low pressure or tank level settings to 
prevent excessive cycling of the pump 

[WSC, 2007] 

Pressure zones served Pump stations will lift water a maximum of two pressure zones (serving 
additional pressure zones results in wasted energy) 

Engineering 
judgment 

 
5-3 

DRAFT for review purposes only. 
Use of contents on this sheet is subject to the limitations specified at the end of this document. 



Section 5:  Level of Service Goals Water System Master Plan 

5.5 Storage Criteria 5.5 Storage Criteria   
The volume of storage required for a service area consists of three components:  equalization, fire, and 
emergency storage.  Equalization storage is used to meet demands when they exceed supply to the system 
(e.g., during peak demand periods).  Figure 5-1 shows a sample diurnal demand pattern versus supply.  
Supply is assumed to be equal to the average of MDD and is fairly constant over the day.  The equalization 
storage is equal to the shaded area when the tank is emptying.  

The volume of storage required for a service area consists of three components:  equalization, fire, and 
emergency storage.  Equalization storage is used to meet demands when they exceed supply to the system 
(e.g., during peak demand periods).  Figure 5-1 shows a sample diurnal demand pattern versus supply.  
Supply is assumed to be equal to the average of MDD and is fairly constant over the day.  The equalization 
storage is equal to the shaded area when the tank is emptying.  
  

   

Tank EmptyingSupply to 
System 

Tank Filling

Figure 5-1.  Required Equalization Storage for a Sample Diurnal Demand Curve 
  
Fire storage is reserved to supply fire demand for the duration of a fire event.  Emergency storage is reserved 
to provide water during events such as power outages, standard maintenance procedures, natural disasters, 
facility failures, etc.  Table 5-4 summarizes the standards for determining the total volume needed to meet 
the three required components of storage capacity and includes guidance on storage tank operations. 
 

Table 5-4.  Storage Criteria 
Criteria Value\Description Reference 

Capacity 
Equalization Volume to serve demand in excess of supply to the tank service area for MDD [WSC, 2007] 
Fire Volume required to supply the largest needed fire flow of the service area for the 

required fire flow duration 
[WSC, 2007] 

Emergency 1/3 of MDD [MWC, 2007] 
Operations 
Water quality Excessive storage capacity should be avoided to prevent water quality issues [WSC, 2007] 
Controls Use adequate controls to prevent unintentional overflow or draining of the storage tanks 

(e.g., pump controls, altitude valves) 
[WSC, 2007] 
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6 .  S Y S T E M  E V A L U A T I O N  

The purpose of this section is to summarize the evaluation of the City water transmission and storage system.  
It includes the findings of both the existing and future system evaluation. 

6.1 Existing System Evaluation  

 

 

The existing water system evaluation included an analysis of the Central Point transmission piping, pumping, 
storage, and supply facilities.  The combined computer model developed for this project was used to simulate 
the demand conditions that represent the greatest strain on the system: a 24-hr MDD simulation and a steady 
state MDD plus fire flow simulation.  Model results were compared to the criteria listed in Section 5 of this 
report.  Areas in the existing system that did not meet the criteria are identified as deficiencies that should be 
addressed. 

6.1.1 Pump Stations 

A specific flow rate is not required through the Shops Pump Station, because the purpose of the pump 
station is to boost distribution system pressure during peak hour demand periods.  The pumps appear to be 
sized appropriately for this; however, current operations of the pump station and the 1 MG Tank supply FCV 
limit the effectiveness of the pump station.  As previously mentioned, the Shops Pump Station frequently 
discharges water from the 1 MG Tank to the distribution system at the same time that the tank is filling from 
the distribution system.  When this occurs, much of the flow from the pump station circulates back into the 
1 MG Tank.  This results in wasted energy and limits the ability of the booster station to increase system 
pressures. 

6.1.2 Supply 

The system supply is evaluated on capacity, quality, and reliability.  As the wholesales supplier, MWC has 
responsibility for the water quality of supply to the system.  Water quality testing performed by the City 
indicates that the water supply meets state and federal regulations.  The capacity and reliability of the City’s 
supply is also heavily dependent on the capacity and reliability of the MWC water system.  

As previously mentioned, the current supply limit to the City in the agreement with MWC is 4,800 gpm or 
6.8 mgd.  This is greater than the City’s existing MDD.  The City is responsible for serving and demand 
greater than the 4,800 gpm from equalization storage.  The City system was designed to supply any demand 
over MDD, including peak hour, from its storage tanks and to refill storage when system demand is less than 
MDD.  However, historical records and model evaluation indicate that during summer demand and operating 
conditions, the hydraulic grade provided by MWC through the master meter stations (MMS) is inadequate to 
refill storage.  

The combined computer model was used to evaluate hydraulic grade of the supply to the system.  Figure 6-1 
shows the hydraulic grade from the MWC system for existing MDD conditions compared to the tank 
overflow elevation.   
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Figure 6-1.  Existing Hydraulic Grade Supplied Under MDD  

 

As a result of the low hydraulic grade from MWC, the City’s 2 MG tank cannot fill during MDD, leaving it 
unable to store water to meet PHD.  Therefore, the City currently uses water directly from the MWC system 
for peak hour demands.  Figure 6-2 shows the maximum flow rate specified in the contract compared to the 
flow rate through the MMSs from the existing MDD model results. 
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Figure 6-2.  Existing System Flow through Master Meters 

The City cannot limit demand on the MWC system to average of MDD until the issue of inadequate 
hydraulic grade at the master meter stations is addressed. 
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Section 6:  System Evaluation Water System Master Plan 

6.1.3 Storage  

Available storage capacity was compared to the required equalization, fire, and emergency storage for the 
system.  As indicated in Table 6-1, an additional 0.49 MG is needed to meet storage requirements of the 
existing system.  
 

Table 6-1.  Existing System Storage Analysis (MG) 
Required Storage 

Available Storage 
(1 and 2 MG Tanks) 

Fire Flow 
(3,500 gpm for 3 hours) Equalization 

Emergency 
(1/3 day of MDD) Total 

Deficient 
Storage 

3.12 0.63 0.88 2.10 3.61 0.49 
 

6.1.4 Piping  

Evaluation of the existing system piping included analysis of standard operating pressures, velocity, headloss, 
and fire flow capacity.  

Operating Pressures 

Overall, the City water system provides water to service connections at adequate pressures.  Areas in the 
system where water pressure drops below the minimum allowable pressure of 35 psi under PHD are shown 
in Figure 6-3.  The low pressures are caused by a lack of head from the MWC system, as discussed in 
Section 6.1.1, rather than by a lack of capacity in the City piping.  Model results did not show any high 
pressures in the water system for current MDD conditions. 

Velocity and Headloss 

Model results showed that the existing system meets the velocity requirements of less than 10 ft/s.  No areas 
of excessive headloss were identified. 

Fire Flow Deficiencies 

Figure 6-4 shows areas in the system that do not have the capacity to meet the fire flow requirements 
established for this study.  The majority of the deficiencies are due to undersized distribution piping and a 
lack of looping in certain areas of the distribution system.  Recommendations to eliminate fire flow 
deficiencies can be found in the Capital Improvements Plan (Section 7). 

Reliability 

Overall, the City has good looping in the transmission and distribution piping.  However, the following 
piping reliability issues were identified:  

1. Single supply pipeline to the service area to the far northwest portion of the City 
2. Single supply pipeline to the existing 2 MG tank 
3. Limited connectivity between the west and east sides of the City, which are separated by I-5 
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Section 6:  System Evaluation Water System Master Plan 

6.2 Joint Modeling Evaluation  

 

A joint modeling evaluation was completed by Brown and Caldwell as a precursor to this master planning 
study.  The objectives of the study were: 
 Develop a MWC-Central Point combined water system model 
 Determine the impacts of routine/seasonal operational changes 
 Develop operational strategies for minimizing the City’s peak hour demand on the MWC system 
 Look into the benefits and liabilities of shared storage 
 Develop capital improvements alternatives 

The completion of this study revealed that the MWC system does not provide a high enough hydraulic grade 
to fill the City’s 2 MG storage tank at MDD conditions, which forces the City to draw water directly from the 
MWC system to meet their peak hour demand, as described in Section 6.1.3 of this report.  The first avenue 
to improve system function was to investigate operational improvements.  The following operational 
improvements were evaluated in the combined model and are listed below: 

1. Optimize utilization of the Central Point Master Meters and Shops Pump Station 
2. Coordinate filling of the City’s 2 MG tank with operations in the MWC system 
3. Minimize utilization of the MWC Rossanley Control Station pumps 
4. Supply a constant flow rate from the Duff WTP 

Model results indicate that operational improvements alone will not allow the City to limit their water use to 
the average of MDD from the MWC system while maintaining adequate system pressures and storage.  This 
conclusion led to the evaluation of the following capital improvement alternatives: 

1. New MWC booster stations at Four Corners and Midway 
2. New supply line to Central Point from White City 
3. New City booster pumps at the existing master meter locations 
4. Additional storage tanks in the Central Point system 

Ultimately, a combination of capital improvement alternatives three and four were used for this master 
planning study and are described further in this section and in Section 7.  Full documentation of the 
alternatives evaluation can be found in Appendix G, Joint Modeling Study Technical Memorandum. 

6.3 Future System Analysis 
This section presents a summary of the analysis of the future 2015, 2030 and URA build-out scenarios.  The 
URA build-out scenario was evaluated first in the combined model to develop the improvements needed to 
meet the level of service goals at build-out of the future City service area.  The 2030 and 2015 scenarios were 
then model to estimate the year at which each improvement will be needed.  Improvements were developed 
for the URA build-out system first so that all improvements could be sized to meet build-out demands.  All 
improvements were tested under the appropriate 24-hour extended period and fire flow conditions.  This 
process ensures that all recommended improvements come together in a cohesive master plan.  

The improvements evaluated for build-out of the URA are shown in Figure 6-5.  Figure 6-6 shows the 
schematic of the future system.  Discussion of the improvements below is categorized into pumping, supply, 
storage, and piping. 
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Section 6:  System Evaluation Water System Master Plan 

6.3.1 Pump Improvements  

 

 

Due to the large fluctuations in hydraulic grade from the MWC system, it is recommended that pump stations 
be used to provide a steady hydraulic grade from the MWC system.  The Shops Pump Station does not have 
adequate capacity to increase head from the MWC supply to fill the storage tanks at URA build-out.  New 
booster stations are needed at the three master meter stations to fill tanks during URA build-out MDD 
conditions.  Evaluation of the 2030 and 2015 scenarios indicates that the implementation of the pump station 
improvements can be spaced out over time.  The pump improvements are described below. 

Vilas Pump Station is a new 9,500 gpm pump station near the Vilas MMS to maintain system pressures 
and increase supply capacity from the Vilas MMS.  The pump station will pump water from a proposed 
storage tank near the Vilas MMS or directly from the Vilas MMS.  One or more of the pumps in the 
pump station should be equipped with a variable frequency drive (VFD) to adjust the speed of the pump 
to maintain a specified discharge pressure.  A generator for back-up power supply at the pump station 
would be needed because the pump station will become the primary supply to the system during summer 
operations.  The Vilas Pump Station is needed immediately to make it possible for the City to limit their 
demand on the MWC system to MDD. 

Beall Pump Station is a new 3,100 gpm pump station at the Beall master meter to pump water from the 
MWC supply at the master meter to the existing 2 MG tank and increase pressures at the southern end of 
the Central Point service area.  The pump should be equipped with a VFD to adjust the motor speed 
with changes in upstream pressure.  Evaluation results indicate that with the addition of the Vilas Pump 
Station and modifications to the Shops Pump Station described below, the new Beall Pump Station is 
needed immediately after 2015. 

Shops Pump Station is a new 3,100 gpm pump station at the Shops to replace the existing 1,500 gpm 
pump station.  The new pump station will pump water out of the Shops tank, which is served by the 
Hopkins master meter, to increase system pressures.  A generator for back-up power supply at the pump 
station is recommended.  Evaluation results indicate that construction of the new 3,100 gpm pump 
station can be delayed until after the year 2030 if minor piping improvements are made to allow the 
existing Shops Pump Station to operate without circulating water back to the 1 MG Tank.  The piping 
improvements are described in Section 6.3.4. 

6.3.2 Supply Improvements 

All issues related to supply are addressed with the recommended pump improvements described in 
Section 6.3.1. 

6.3.3 URA Build-out Storage Improvements 

A storage analysis was completed for each planning horizon to identify additional storage capacity required to 
meet the design and evaluation criteria.  The required storage capacity is listed in Table 6-2. 
 

Table 6-2.  URA Build-out System Storage Analysis (MG) 
Required Storage 

Planning Horizon 
Available Storage 

(1 and 2 MG Tanks) 
Fire Flow 

(3,500 gpm for 3 hours) Equalization 
Emergency 

(1/3 day of MDD) Total 
Deficient 
Storage 

2015 3.12 0.63 0.88 2.10 3.61 0.49 
2030 3.12 0.63 1.53 3.64 5.80 2.68 
URA build-out 2.12 0.63 1.79 4.27 6.69 4.57 
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Section 6:  System Evaluation 

6.69 MG of storage is required at URA build-out.  The existing 2 MG tank is expected to still be in service at 
URA build-out; however, the existing Shops Tank is expected to have reached its useful life by that time.  A 
description of the storage improvements evaluated is provided below. 

Vilas Tank is a new 2 MG storage tank near the Vilas MMS.  The new storage tank would provide 
equalization, fire flow, and emergency storage for the City system.  The tank could be located on a 
portion of the 3 acres adjacent to the Vilas MMS that is owned by the City.  The tank would be supplied 
directly from the Vilas MMS and would serve as the suction tank for the new Vilas Pump Station.  A new 
flow control valve would be needed to regulate flow from the Vilas MMS into the Vilas Tanks.  The new 
Vilas Tank is needed immediately to facilitate operation of the new Vilas Pump Station and meet the 
storage requirements of the system.

Tolo Tank is a new 1.2 MG storage tank along Willow Springs Road in the northwestern portion of the 
service area.  The new tank is primarily needed to provide reliable fire flow to that area of the system.  
The tank should be sized to provide equalization storage to serve industry in this portion of the system as 
well.  The alternative, which would involve installing a parallel transmission main to serve this area, was 
preliminarily investigated and determined to be more costly than adding storage.  The tank would serve 
the system by gravity and would improve the reliability of the system.  An altitude valve would also be 
required at the new 1.2 MG tank to regulate tank level.  If the Vilas Tank is constructed then additional 
storage capacity will not be needed until 2023.  Current fire capacity of the system in the Tolo area is 
2,800 gpm.  Construction of the Tolo Tank can be delayed until the year 2023 unless a structure requiring 
a greater fire flow capacity than 2,800 gpm is constructed before then.  

2 MG Shops Tank is a new 2 MG storage tank to replace the existing 1 MG Tank at the Shops.  City staff 
report that the City plans to move the Public Work Department maintenance facilities to a new site by 
year 2030 which will leave room for a larger tank at the Shops Tank Site.  The new tank would be served 
by a dedicated transmission line from the Hopkins MMS.  The new shops Tank would provide 
emergency and fire flow storage to the system through the Shops Pump Station.  A new flow control 
valve would be needed to regulate flow from the Hopkins MMS into the new Shops Tank.  The 
additional storage capacity provided by the new Shops Tank would not be needed until after 2030. 

After constructing the tanks listed above, the total storage, calculated assuming all tanks are full, would equal 
7.35 MG, which is approximately 0.66 MG more than the build-out storage requirement.  However, all tanks 
would not operate full during every demand condition.  In particular, the Tolo tank would operate at a lower 
level during MDD.  The additional 0.66 MG is factored in to provide additional storage in the event that 
tanks are not operating at their maximum capacity, which will allow the City to maintain required 
equalization, fire flow, and emergency storage. 

6.3.4 Piping Improvements  

Piping improvements needed under build-out demand include new transmission piping to convey water from 
the master meter stations to City storage and distribution and distribution piping to achieve required fire 
flows.  The proposed piping was added to the model and laid out along the existing and future transportation 
corridors where possible.  The major piping improvements are described below and shown in Figure 6-5. 

1. Vilas Pump Station and Tank Supply and Discharge Piping is new transmission piping needed to 
convey water from the Vilas MMS to the new Vilas Pump Station and Tank and from the new pump 
station to the existing distribution system.  Evaluation results indicate that the pipeline from the Vilas 
MMS to the new pump station and tank should be 24-inch diameter pipe.  Results also indicate that 
two 20-inch diameter pipelines are needed to convey water from the new pump station to the 
existing distribution system piping.  One of the 20-inch diameter pipes will connect to existing City 
transmission piping at the intersection of Hamrick Road and Naples Drive and the other will connect 
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Section 6:  System Evaluation 

at the intersection of Table Rock Road and W. Vilas Road.  The pipelines must be constructed 
immediately with the Vilas Pump Station and Tank. 

2. Hopkins Pipeline is a new transmission pipeline to convey water from the Hopkins MMS to the 
Shops tank and pump station.  The new pipeline will be a dedicated transmission line (no distribution 
or service connections).  Evaluation results indicate that the pipe must be a 16-inch diameter pipe.  
Analysis of the different planning horizons shows that construction of the Hopkins Transmission 
pipeline can be phased over time.  The portion along Hopkins Road is needed immediately to 
connect the Hopkins MMS to an existing 8-inch dedicated pipeline that runs from the Shops Tank to 
the intersection of Hopkins Road and Freeman Road.  This will provide a dedicated supply pipe 
from the Hopkins MMS to the Shops Pump Station.  The remainder of the Hopkins Transmission 
Pipeline and can be delayed until the new Shops Pump Station is constructed. 

3. Willow Springs Road Pipeline is a new transmission pipe to convey water between the current end-
point of the Central Point system on Willow Springs Road and the proposed 1.2 MG Tolo Tank in 
the area.  Evaluation results indicate that a minimum of 12-inch diameter pipe is needed to convey 
water to and from the tank. 

4. Fire flow Improvements are miscellaneous piping needed to ensure that the transmission and 
distribution systems have adequate capacity to meet fire flow requirements.  These piping 
improvements are primarily located in the downtown area and range in size from 6-inch to 12-inch 
diameter piping.  The improvements are needed as soon as the City can fund them. 

5. Wilson Road Pipeline is a new transmission pipeline to convey water from the Vilas MMS to the 
existing transmission pipe crossing I-5 on Upton Road.  Evaluation results indicate that the pipe 
must be a 16-inch-diameter pipe.  The new Wilson Road Transmission pipeline is not needed until 
the 2025-2030 timeframe. 

6. Beall Road Pipeline is a new transmission pipeline between Grant Road and Malabar Drive to 
increase transmission capacity between the Beall MMS and the existing 2 MG Tank..  Evaluation 
results indicate that a 12-inch diameter pipeline is needed.  The Beall Road Transmission pipeline is 
not needed until the 2025-2030 timeframe. 

7. Penniger Road Pipeline is a new transmission pipeline to convey water along the east side of I-5 on 
Penniger Road between Upton Road and the fairgrounds.  This pipeline is needed to convey more 
water from the Wilson Road Transmission pipeline to the west side of I-5 in the event that the 
existing transmission pipeline on Pine Street is out of service.  Evaluation results indicate that this 
pipeline should be 12-inch diameter pipe.  The Penniger Road Transmission pipeline is not needed 
until the 2025-2030 timeframe. 
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W A T E R  S Y S T E M  M A S T E R  P L A N  

7 .  R E C O M M E N D A T I O N S  

This section presents the Capital Improvements Plan (CIP) for the City of Central Point’s water system and 
summarizes the City’s financial plan to execute the CIP. 

7.1 Capital Improvements Plan  

 

 

A CIP was developed to assist the City in budgeting for the improvements needed to provide the required 
level of service to the City water customers.  The improvement projects developed in the future system 
analysis were prioritized to meet system demands through build-out of the future City service area.  All 
projects were categorized into short, mid, and long-term projects.  Planning level costs were estimated for 
each project.  

Table 7-1 lists the improvements and probable estimates of construction costs.  Figure 7-1 shows the 
location of the proposed improvement projects.  Figures 7-2 to 7-9 show a detailed view of each 
improvement project (to be included in the final report). 

7.1.1 Prioritization of Projects  

As described in Section 6, the system was evaluated at four planning horizons to determine the need for 
improvement projects.  Projects within each category were assigned a year for completion based on the 
importance of each project to meet system demands.  For short-term projects, the completion year of 2011 
was used as a benchmark for the completion of projects needed to limit use of the supply to the average of 
MDD in the existing system.  

There is some flexibility on the completion years assigned to each project.  The foreseeable consequences of 
delaying the completion of a given project have been listed in Table 7-1.  The provided dates are dependent 
on the accuracy of development, population, and demand projections.  The projections were made prior to 
the current slowdown in growth that the City is experiencing.  If the slowdown in growth continues, it may 
be possible to delay the projects that are primarily growth related.  The CIP should be updated regularly 
(every 5 years is recommended) to refine the implementation dates as planning, population, and water use 
trends change. 

7.1.2 Description of Cost Estimates 

Cost estimates provided in Table 7-1 are based on a budgetary, planning level, engineer’s opinion of probable 
project costs.  The detailed cost estimates are included in Appendix H.  The costs for each recommended 
improvement are presented in present day value.  The cost information should be updated regularly using the 
Engineering News Record (ENR) Construction Cost Index Value to account for fluctuations in construction 
cost over time.  The current ENR Construction Cost Index is 8,566 (ENR, 2008). 

Unit costs were developed from Brown and Caldwell’s recent project experience in the area and were verified 
with information from bid tabs on projects recently constructed for the City and MWC.  All unit prices 
represent installed costs and include excavation, bedding, backfill, compaction, materials, appurtenances, and 
delivery to the site. 
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Table 7-1.  Capital Improvements Plan 
Indirect Cost Project 

Number Project Name 
Completion 

Year Facilities to Construct Project Description Direct Cost Contingency (25%) EAC (15%) Total Estimated Cost 
Short-Term Projects        
S-1 Vilas Tank, Pump Station, 

and Piping 
2011 New Pump Station Including: 

• Pump house 
• Three vertical turbine pumps with combined capacity of 9,500 gpm @ 177 ft TDH 
• One additional back-up pump 
• 200 kW generator 
New Storage Tank Including: 
• 2 MG partially buried concrete tank 
• 24-inch flow control valve 
• New Piping Including 
• 2,580 LF of 20-inch Dia. Pipe 

New ground storage with booster pumping to add storage capacity to the City system and provide 
a constant hydraulic grade from supply.  The storage tank will provide equalization, fire, and 
emergency storage to the system.  One or more of the pumps in the pump station will be equipped 
with a VFD to adjust the speed of the pump to maintain a specified discharge pressure.  The 
pump station has been sized to supply at least 1/3 of the peak hour demand at URA Buildout.   

$6,462,100 $1,615,500 $1,211,600 $9,289,200 

S-2 Dedicated 16-inch line from 
Hopkins to Existing 8-inch 

2011 • 250 LF of 16-inch Dia. Pipe New pipeline to provide a direct connection from the Hopkins MMS to the existing dedicated, 8-
inch pipeline to the Shops Tank.  16-inch pipe is recommended, because the existing 8-inch 
pipeline should be replaced with 16-inch pipe when the Shops Tank and Pump Station are 
upgraded (see Project L-1).  This improvement will make it possible to pump water from the 
Hopkins MMS to the distribution system using the Shops Tank and Pump Station.   

$37,100 $9,300 $7,000 $53,400 

Total Short-Term    $6,499,200 $1,624,800 $1,218,600 $9,342,600 
Mid-Term Projects        
M-1 Beall Pump Station 2015-2020 New Pump Station Including: 

• Pump house 
• Two vertical turbine pumps with a combined capacity of 3,130 gpm @ 46 ft TDH 
New Piping Including: 
• 590 LF of 12-inch Dia. Pipe with One railroad crossing and one Hwy 99 crossing 
• 170 LF of 16-inch Dia. Pipe 

New booster pump station to provide a constant hydraulic grade from supply to the system.  
Without this project, supply from the Beall MMS will be constrained when the Vilas and Hopkins 
Pump Stations are in operation.  Pump should be equipped with a VFD to adjust the motor speed 
with changes in upstream pressure. 

$1,191,500 $297,900 $223,400 $1,712,800 

M-2 Fire Flow Improvements on 
Hwy 99 

2015-2020 New Piping Including: 
• 360 LF of 8-inch Dia. Pipe 
• 2,130 LF of 12-inch Dia. Pipe with one railroad crossing and one Hwy 99 

crossing 

Pipeline improvements to meet fire flow capacity requirements in the area. $365,500 $91,400 $68,500 $525,400 

M-3 Fire Flow Improvements on 
Laurel Street 

2015-2020 New Piping Including: 
• 2,700 LF of 6-inch Dia. Pipe 

Pipeline improvements to meet fire flow capacity requirements in the area. $166,700 $41,700 $31,300 $239,700 

M-4 Fire Flow Improvements 
near Hwy 99 and Bush 

2015-2020 New Piping Including: 
• 680 LF of 6-inch Dia. Pipe 
• 410 LF of 8-inch Dia. Pipe 

Pipeline improvements to meet fire flow capacity requirements in the area. $75,300 $18,800 $14,100 $108,200 

M-5 Fire Flow Improvements on 
Maple 

2015-2020 New Piping Including: 
• 300 LF of 6-inch Dia. Pipe 
• 810 LF of 12-inch Dia. Pipe 

Pipeline improvements to meet fire flow capacity requirements in the area. $118,100 $29,500 $22,100 $169,700 

M-6 Fire Flow Improvements at 
the Shops 

2015-2020 New Piping Including: 
• 410 LF of 6-inch Dia. Pipe 
• 560 LF of 8-inch Dia. Pipe 

Pipeline improvements to meet fire flow capacity requirements in the area. $71,200 $17,800 $13,300 $102,300 

M-7 Fire Flow Improvements 
between Oak and Pine on 
9th and Bigham 

2015-2020 New Piping Including: 
• 1,550 LF of 6-inch Dia. Pipe 
• 1,140 LF of 8-inch Dia. Pipe 

Pipeline improvements to meet fire flow capacity requirements in the area. $188,900 $47,200 $35,400 $271,500 

M-8 Fire Flow Improvements on 
Hazel and 9th

2015-2020 New Piping Including: 
• 270 LF of 8-inch Dia. Pipe 

Pipeline improvements to meet fire flow capacity requirements in the area. $22,000 $5,500 $4,200 $31,700 
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Table 7-1.  Capital Improvements Plan 
Indirect Cost Project 

Number Project Name 
Completion 

Year Facilities to Construct Project Description Direct Cost Contingency (25%) EAC (15%) Total Estimated Cost 
M-9 Fire Flow Improvements on 

Edwina 
2015-2020 New Piping Including: 

• 770 LF of 6-inch Dia. Pipe 
Pipeline improvements to meet fire flow capacity requirements in the area. $47,400 $11,900 $8,900 $68,200 

M-10 Tolo Tank and Supply 
Piping 

2020-2025 New Storage Tank Including: 
• 1.2 MG partially buried concrete tank 
• 16-inch altitude valve 
• Instrumentation and Controls 
New Piping Including 
• 4,400 LF of 12-inch Dia. Pipe with one stream crossing and one railroad crossing 

New high-level ground storage tank to provide equalization, fire, and emergency storage capacity 
to the system.  The tank will also increase fire flow capacity in the northwest region of the system. 

$2,391,700 $597,900 $448,500 $3,438,100 

M-11 Wilson Road Transmission  2020-2025 New Piping Including: 
• 1,320 LF of 12-inch Dia. Piping 
• 9,980 LF of 16-inch Dia. Piping 

New pipeline to increase conveyance capacity from the Vilas MMS to the west side of the system.  
The pipeline will also supply the distribution system on the east side of I-5. 

$1,654,400 $413,600 $310,200 $2,378,200 

M-12 Beall Road Transmission 2020-2025 New Piping Including: 
• 4,270 LF of 12-inch Dia. Piping 
• Three stream crossings 

New pipeline to increase conveyance capacity from the Beall MMS to the existing 2 MG Tank. $674,000 $168,500 $126,400 $968,900 

M-13 Penniger Road 
Transmission 

2020-2025 New Piping Including: 
• 3,080 LF of 12-inch Dia. Piping 

New pipeline that connects the new Wilson Road Transmission pipe (project M-10) to the existing 
Interstate-5 crossing at the fairgrounds.  The new pipeline will add redundancy to transmission 
from the Vilas MMS to the west side of Interstate-5. 

$379,600 $94,900 $71,200 $545,700 

Total Mid-Term    $7,346,300 $1,836,600 $1,377,500 $10,560,500 
Long-Term Projects        
L-1 Shops Pump Station, Tank, 

and Dedicated 
Transmission 

2030-Buildout New Pump Station Including: 
• Pump house 
• Two vertical turbine pumps with combined capacity of 3,130 gpm @ 147 ft TDH 
• One additional back-up pump 
• 200 kW generator 
New Storage Tank Including: 
• 2 MG concrete tank 
• 16-inch flow control valve 
• Instrumentation and Controls 
New Piping Including 
• 280 LF of 12-inch Dia. Pipe 
• 1,920 LF of 16-inch Dia. Pipe 

New ground storage with booster pump station to increase supply from the MWC system to the 
City to meet URA Buildout demand.  Includes a new 16-inch pipeline from the Hopkins MMS to 
the new storage tank at the Shops Site.  Pumps in the pump station will be all constant speed, and 
the tank will provide fire and emergency storage. 

$4,601,200 $1,150,300 $862,700 $6,614,200 

Total Long-Term    $4,601,200 $1,150,300 $862,700 $6,614,200 
Combined Total    $18,446,700 $4,611,700 $3,458,800 $26,517,300 
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Section 7:  Recommendations Water System Master Plan 

The cost estimates include 25 percent for construction contingency and 15 percent for engineering, legal, 
administration, and construction management services (CMS).  The cost estimates are based on Brown and 
Caldwell’s perception of current conditions in the project location.  The estimates reflect Brown and 
Caldwell’s professional opinion of accurate costs at this time and are subject to change.  Brown and Caldwell 
has no control over variances in the cost of labor, materials, equipment, services provided by others, 
contractor’s method of determining prices, competitive bidding or market conditions, practices, or bidding 
strategies.  Brown and Caldwell cannot and does not warrant or guarantee that proposals, bids, or actual 
construction costs will not vary from the costs presented herein. 

7.2 City Financial Plan  

 

The City has contracted with FCSG to evaluate its current water user rates.  Brown and Caldwell will provide 
the CIP presented in the section to FCSG to be included in the water rate study.  The growth related cost and 
service improvement costs provided below were also provided to FCSG.  The findings of the water rate 
study, which will include a description of the how the CIP will be funded, will be summarized in the final 
copy of this master plan report. 

7.2.1 Growth vs. Service Improvement Cost Share 

After the cost estimates were developed for each improvement project, the costs were divided into growth 
related costs and service improvement costs.  To divide the costs, the projects were each assigned to one of 
the allocation categories listed in Table 7-2.  The cost estimate for each project was then divided according to 
the percentages listed in the table for the selected allocation category.  
 

Table 7-2.  Cost Allocation Assumptions 
Percent of Total Cost Allocated 

Allocation Category 
Growth Service 

Improvement 
Project serves new growth only 100% 0% 
Primary driver for project is to serve new growth but provides added benefit to the existing system 75% 25% 
Projected is needed equally for new growth and service improvements 50% 50% 
Primary driver for project is to improve existing service but is partially brought on by new growth 25% 75% 
Project is to improve existing service only 0% 100% 

 

Table 7-3 lists the division of the growth related costs and service improvement costs for each project. 
Assignment of an allocation category to each project was based on engineering judgment and is intended for 
budgetary use only.  The City should further quantify the specific growth related benefits and service 
improvement related benefits of each project to determine project funding sources. 
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Section 7:  Recommendations Water System Master Plan 

Table 7-3.  Capital Improvements Plan Cost Allocation 
Cost Allocation 

Project 
Number Project Name 

Completion 
Year 

Total Estimated 
Cost1 Growth Cost 

Service 
Improvement Cost 

Short-Term Projects     
S-1 Vilas Tank, Pump Station, and Piping 2011 $9,289,200  $4,644,600  $4,644,600 

S-2 Dedicated 16-inch line from Hopkins to 
Existing 8-inch 2011 $53,400  $0   $ 53,400  

Total Short-Term  $9,342,600  $4,644,600   $4,698,000  
Mid-Term Projects     

M-1 Beall Pump Station 2015-2020 $1,712,800  $1,712,800  $0  
M-2 Fire Flow Improvements on Hwy 99 2015-2020 $525,400 $0  $525,400 
M-3 Fire Flow Improvements on Laurel Street 2015-2020 $239,700 $0   $239,700  

M-4 Fire Flow Improvements near Hwy 99 and 
Bush 2015-2020 $108,200  $0   $108,200  

M-5 Fire Flow Improvements on Maple 2015-2020 $169,800  $0   $169,800  
M-6 Fire Flow Improvements at the Shops 2015-2020 $102,300  $0   $102,300  

M-7 Fire Flow Improvements between Oak and 
Pine on 9th and Bigham 2015-2020 $271,500  $0   $271,500  

M-8 Fire Flow Improvements on Hazel and 9th 2015-2020 $31,700  $0   $31,700  
M-9 Fire Flow Improvements on Edwina 2015-2020 $68,200  $0   $68,200  
M-10 Tolo Tank and Supply Piping 2020-2025 $3,438,100  $3,438,100  $0  
M-11 Wilson Road Transmission  2020-2025 $2,378,200  $1,783,650   $594,550  
M-12 Beall Road Transmission 2020-2025 $968,900  $726,675   $242,225  
M-13 Penniger Road Transmission 2020-2025 $545,700  $272,850   $272,850  

Total Mid-Term  $10,560,500  $7,934,075   $2,626,425  
Long-Term Projects     

L-1 Shops Pump Station, Tank, and Dedicated 
Transmission 2030-Buildout $6,614,200  $4,960,650   $1,653,550  

Total Long-Term  $6,614,200  $4,960,650   $1,653,550  
Combined Total  $26,517,300 $17,539,300 $8,977,900 
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W A T E R  S Y S T E M  M A S T E R  P L A N  

8 .  L I M I T A T I O N S  

8.1 Report Limitations  
This document was prepared solely for the City of Central Point, Oregon in accordance with professional 
standards at the time the services were performed and in accordance with the contract between the City of 
Central Point and Brown and Caldwell in May 2008.  This document is governed by the specific scope of 
work authorized by the City of Central Point; it is not intended to be relied upon by any other party except 
for regulatory authorities contemplated by the scope of work.  We have relied on information or instructions 
provided by the City of Central Point and other parties and, unless otherwise expressly indicated, have made 
no independent investigation as to the validity, completeness, or accuracy of such information.  
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APPENDIX B 

Final TM-1 Model Creation 



 

TM-1 Model Creation 1 

Technical Memorandum 
 
 
To: City of Central Point Date: October 31, 2007 
    
From: Jacob Young, Ed Olson   
    
Project Name: Water System Model Build   
    
Subject: Final TM-1 Model Creation   
 
 
This technical memorandum (TM) describes the methods and data used in creating the hydraulic 
model of the water distribution system for the City of Central Point (City), Oregon. It includes a 
discussion of the modeling software used for the project, scenarios included in the model, and 
model elements.  

MODELING SOFTWARE 

The hydraulic model of the City’s water system was created using MWH Soft’s InfoWater 
software. InfoWater is a water distribution system modeling software that is fully integrated with 
ESRI ArcGIS. The City’s water supplier, Medford Water Commission (MWC), recently 
completed a hydraulic model of their water system using InfoWater. Using InfoWater for the 
City’s model will facilitate sharing data between the City and MWC and may allow for 
incorporation of the MWC model to the City’s model. 

MODEL SCENARIOS 

Several different demand and operational conditions, or scenarios, are simulated in the model. 
Each scenario represents a different combination of demand conditions and operational settings 
for the existing system. The scenarios include:  

1. Dynamic Calibration 

2. Existing Minimum Month Demand 

3. Existing Average Day Demand 

4. Existing Maximum Day Demand  

5. Hydrant Test Calibration 

The first four scenarios are dynamic, or extended period simulations (EPS). The time period for 
each EPS simulations is 24 hours. The Hydrant Test Calibration Scenarios are steady-state 
simulations, which provide an instantaneous simulation of demands and operational settings at 
the time of each test. 



 

TM-1 Model Creation 2 

Accuracy of a model is highly dependent on the accuracy of the distribution of demands in the 
model. Accurately simulating the daily fluctuation in demands is also very important for EPS 
scenarios. Below is a discussion of how demands were allocated in the model and how the daily 
use pattern will be calculated. 

Demand Allocation 

Demand allocation consists of calculating the total system demand and then distributing that 
demand appropriately throughout the system. Total system demand for a given day is equal to 
the water supplied to the system minus the water stored in the tanks. Demands for each 
calibration scenario were calculated from SCADA records for tanks in the system and the master 
meters from MWC. Demands for minimum month, average day and maximum day are from City 
records. 

The distribution of demands was based on the City’s 2006 billing records. To account for 
seasonal changes in water use throughout the system an average daily water demand for the 
maximum month, average month, and minimum month were calculated for each billing record. 
The demand for each billing record was geo-coded according to the tax lot number for the 
record. Records that could not be matched to tax lots in the tax lot shapefile were geo-coded 
using the meter identification number and the City’s service meter shapefile. The geo-coded 
demands were assigned in the model to the closest demand nodes (all model junctions excluding 
hydrant junctions and junctions on designated transmission piping). 

Demands for the Maximum Day Demand Scenario were scaled up from the maximum month 
average daily demand calculated from the billing records to match the historical total maximum 
day demand. Demands calculated from the billing records for the minimum month and annual 
average day were also scaled to match the historical total system demand for each condition. 
This is done to include unaccounted for water in the model demands. 

Daily Water Use Pattern 

The daily water use pattern, or diurnal pattern, was calculated from SCADA records of flow rate 
through the master meters and tanks levels. Separate diurnal patterns were calculated for the 
average demand and maximum demand days. The average day diurnal pattern is used for the 
Minimum Month Demand and Average Day Demand scenarios. Data were not available to 
calculate a diurnal pattern for the minimum month demand because the Vilas Rd. Master Meter 
was not connected to SCADA until the end of May 2006.  

MODEL ELEMENTS 

Model elements include all of the physical facilities in the City’s water system, including pipes, 
tanks, pumps and control valves. Each of these elements is discussed in detail below. 

General Model Attributes 

Each model element has attributes that describe the element characteristics. Table 1 describes 
the model attributes that apply to all facilities. The model attributes specific to each element type 
are described in the following sections. 
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Table 1. General Model Attributes 

Attribute Value 

ID 
ID numbering is alphanumeric, with a prefix and a unique identifier. The prefix 
indicates element type: J (Junction), P (Pipe), T (Tank), PU (Pump), or V (Valve). 
The unique identifier includes text describing the facility or a unique number. 

Description A text description is given of tank, pump, and valve. 

Installation Year 

The installation year will be set to 1999 for all existing facilities. Only facilities 
installed before or on 2007 are modeled in the Existing Scenario. This attribute 
will later be used to include future pipes in model scenarios based on the year 
that they are planned for.  

Retirement Year 
The retirement year will be set to 9999 for all existing facilities. This attribute will 
later be used to exclude proposed abandoned pipes from a model scenario based 
on the year that they are planned to be abandoned. 

 
Junctions 

Junction nodes are created in the model at all changes in pipe diameter, pipe connections, 
intersections, dead ends, and hydrant locations. As previously discussed, all demands are applied 
to junctions in the model. Table 2 lists the attributes applied to the junctions and the source used. 

Table 2. Junction Attributes 

Attribute Value 

ID 
Facility 
J (Junction) 

Unique Identifier 
1, 2, … 

Sample ID 
J-1, J-2, … 

Elevation Interpolated from 2 ft contour data provided by City. Verified with GIS data of fittings and 
meters. 
Scenario Description Data Source 
Dynamic Calibration Demands from selected calibration day 
Hydrant Test Calibration Demand at time of test 
Existing Max Day  Existing max day demands 
Existing Min Day  Existing min day demands 

Demand1 

Existing Avg. Day  Existing average day demands 

Calculated from 
SCADA and billing 
records 

Scenario Description Data Source 

Demand2 Hydrant Test Calibration 
Scenarios 

Measured flow rate from test hydrant 
(applied to junction representing the 
test hydrant only)  

Measured during 
calibration testing 

Scenario Description Data Source 

Dynamic Calibration 
Existing Max Day 

Existing max day diurnal pattern 

Existing Min Day 
Existing Avg. Day  

Existing min day diurnal pattern 

Calculated from 
SCADA records 

Pattern 1 

Hydrant Test Calibration None  
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Pipes 

Table 3 lists the model’s pipe attributes. Pipes were created from GIS data provided by the City. 
The “OWNER” attribute field in the GIS data designates some pipes as abandoned, proposed, or 
part of the MWC water system. Pipes with either of these designations were not included in the 
model. InfoWater uses the Hazen-Williams equation to determine friction-related headloss. The 
roughness factor (C-Factor) used in the equation is assumed for each pipe based on pipe material, 
lining and age. Lower factors equate to higher headloss. Pipes in the model were initially 
assigned the C-Factors shown in Table 3. C-Factors for some of the pipe materials were adjusted 
slightly during calibration. 

Table 3. Pipe Attributes 

Attribute Value 

ID 
Facility 
P (Pipe) 

Unique Identifier 
1, 2, … 

Sample ID 
P-1, P-2, … 

Length Calculated by model based on actual GIS distance 
Diameter From GIS data “DIAMETER” attribute field 

Roughness 
(Hazen-
Williams 
C Factor) 

Pipe Material 
Asbestos Cement 
Concrete 
Cast Iron, Unlined 
 
 
Cast Iron, Mortar Lined 
Ductile Iron, Cement Lined 
Galvanized 
PVC 
Steel 
Transite 

Age 
 
 
New 
5 Years Old 
20 Years Old 

C Factor 
140 
130 
130 
120 
100 
130 
130 
120 
140 
120 
140 

Reference 
[2, Linsley] 
[2, Linsley] 
[2, Linsley] 
[2, Linsley] 
[2, Linsley] 
[2, Linsley] 
[2, Linsley] 
[3, InfoWater] 
[1, AWWA] 
[2, Linsley] 
[2, Linsley] 

Material From GIS data “TYPE” attribute field, assumed Ductile Iron where type not known 
 

Tanks 

Tanks are used to model storage reservoirs. The City’s tank locations were taken from the GIS 
data. All other information was provided by City Staff. Table 4 lists the model’s tank attributes. 

Table 4. Tank Attributes 

Attribute Value 

ID 
Facility 
TNK (Tank) 

Storage Reservoir Name 
One Million Gallon, … 

Sample ID 
TNK-1MG 

Type All tanks are cylindrical tanks according to information provided by City staff. 

Elevation 
Record drawings were in an unknown data so the tank bottom elevation for 1 MG Tank 
interpolated from 2 ft. contour data. The 2 MG Tank is partially buried so the record 
drawing base elevation was used as starting point and adjusted during calibration. 
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Attribute Value 

Initial Level Different for each scenario. Set based on SCADA records. 
Max Level Overflow elevation from record drawings provided by City staff. 
Min Level Assumed to be zero. 
Diameter Tank diameter form record drawings provided by City staff. 

 

Pumps 

There is only one pump station in the system. A pump curve was provided by the vendor for both 
pumps at the pump station. SCADA records were used to calculate an operating point for the 
pumps which was used to adjust the pump curves. Table 5 lists the model’s pump attributes. 

Table 5. Pump Attributes  

Attribute Value 

ID 
Facility 
PU (Pump) 

Pump Name 
Shops Pump 1, … 

Sample ID 
PU-SHOPS1, … 

Type Multipoint 
Pump Curve From pump curve supplied by the pump vendor (adjusted to match field data). 

 

Valves 

The only valves in the system are isolation valves and flow control valves (FCV) at the master 
meter stations. Isolation valves are not included in the model as a separate model element. 
Closed isolation valves are modeled by simply closing model pipes. The FCVs are set up to 
control flow according to certain parameters, such as tank level, pressure or flow rate, to match 
typical operations of the system. Table 6 lists the model’s flow control valve attributes. 

Table 6. Valve Attributes  

Attribute Value 

ID Facility 
FCV (Flow Control Valve) 

Connection Point Name 
Vilas Road, … 

Sample ID 
FCV-VILAS, … 

Type Pressure Reducing Valve, Flow Control Valve or Throtle Control Valve depending and 
field settings. 

Elevation The elevation was interpolated from the contour data like the Junctions. 
Setting Provided by City staff and adjusted slightly during calibration. 
Minor Loss Standard minor loss coefficient of 5. 

 

Water Supply 

Variable head reservoirs are used as the source of water at each of the 3 connections to the MWC 
water system. The reservoir head is varied to match fluctuations in delivery pressures from 
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MWC at the connections throughout the day. A typical head vs. time of day relationship was 
developed for each of the connection points from the SCADA records provided by the City. 
These relationships are applied to the reservoir at each connection. Calibration indicated that 
pressure readings at Hopkins Master Meter Station were too high, so the head vs. time 
relationship for Beall Master Meter Station was applied to Hopkins as well. Table 7 lists the 
model’s connection point reservoir attributes. 

Table 7. Connection Point Reservoir Attributes 

Attribute Value 

ID 
Facility 
C (Connection) 

Connection Point Name 
Vilas, … 

Sample ID 
C-VILAS, … 

Type “Variable Head Reservoir” to simulate pressure fluctuations at connection points 
Elevation Initial pressure (in equivalent feet of head) at the connection points 
Pattern Pattern of Head vs. Time calculated from SCADA records for each scenario 

 

 

 

REFERENCES 
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Technical Memorandum 
 
 
To: City of Central Point Date: August 6, 2007 
    
From: Jacob Young, Josh Brown, Ed Olson   
    
Project Name: Water System Model Build   
    
Subject: TM-2 Calibration Test Plan   
 
 
This technical memorandum (TM) describes the calibration field testing for the culinary water 
distribution system for the City of Central Point (City). This TM includes a discussion of the 
personnel and equipment needed for the testing, SCADA data to be collected, test procedures, 
and test locations. The purpose of calibration testing is to discover the actual operating 
conditions that occur in the water distribution system. The field testing data will be compared 
with computer model output to confirm that the model provides accurate results when executed.  

PERSONNEL 

A representative from Brown and Caldwell will be present to coordinate the calibration testing 
and to help collect and record test data. A representative from Public Works Management 
(PWM) and a City staff member will help in data collection and will operate hydrants, pumps, 
etc.  

PREPARATION 

The calibration test locations are attached at the end of this TM. Table 1 lists the equipment 
needed for the calibration testing. Equipment should be checked prior to the day of testing to 
verify that it is functional and/or accurate. Watches used to record the time of each test should be 
synchronized to the SCADA clock to ensure that the test data can be correlated accurately to 
SCADA data. 

Table 1. Required Equipment for Calibration Testing 

Item Quantity Provided By 

Hydrant Key 1  City  
Crescent Wrench 1  City  
Flow-Metering Hydrant Diffuser  1 PWM  
Calibrated 100 psi Pressure Gauge  1  PWM 
Calibrated 200 psi Pressure Gauge  1  PWM 
Hose Bib Connection for Pressure Gauge 1 PWM 
Hydrant Cap w/ ¼” threaded tap (for pressure gauges)  1  PWM 
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SCADA DATA 

Some of the data for calibration will be collected from the city’s SCADA system historical 
database, including: 

• Metered flow rates at the 3 connections to MWC 

• Pump discharge flow rate and suction and discharge pressure 

• Tank water levels at both tanks 

• Pressures reading at all 7 active pressure stations 

• Control valve settings at the 3 connections to MWC 

The data should be collected for the entire week that includes the day of field testing. Data from 
the day of testing will be used for the steady-state calibration of the model while data from the 
other days of the week will be used for the dynamic calibration. The data should be provided in 
an electronic format (preferably excel) for the shortest time step available (i.e. 5 minute 
readings).  

FIELD TESTING  

Three types of field tests will be performed: fire flow tests, master meter tests, and a pump test. 
Each test should follow the procedures described below. The testing is expected to take 
approximately one day. All data and comments should be recorded on the forms provided by 
Brown and Caldwell. During the testing period, any valves in the system that are known or 
suspected to be closed should be reported to the Brown and Caldwell representative. 

Fire Flow Tests  

The objective of fire flow tests is to obtain instantaneous flow and pressure data at various 
locations throughout the distribution system. The fire flow tests must “stress” the distribution 
system so that the calibration data will reflect the system’s reactions to a range of operating 
conditions. To accomplish this, water is released during each test from one or more hydrants 
until a minimum pressure drop of 5 psi (10 psi desired) is experienced at the test location. Up to 
six fire flow tests will be preformed through out the system. Test locations are strategically 
located to obtain good overall flow and pressure measurements for the City. (Note: These tests 
are not the same as hydrant tests performed to determine available flow from a hydrant.) The 
steps for setting up the fire flow tests are listed below. 

Step 1 -  Synchronize watches with the SCADA system. 

Step 2 -  Set up one pressure gage at the residual test site (remove cap from 2-1/2 inch 
nozzle and open hydrant valve to flush barrel before attaching pressure gauge 
or attach to a hose bib). 

Step 3 -  Record the static pressure at test site hydrant and the time of the test. 
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Step 4 -  Set up the hydrant diffuser at the flow test site (flush the hydrant prior to 
installing the diffuser to clear debris that could damage the diffuser or 
interfere with the test). 

Step 5 -  By radio, the test coordinator instructs the person operating the flow hydrant 
to begin the test flow. The hydrant is opened until a minimum 5 psi pressure 
drop is observed at the residual test site hydrant. If a sufficient pressure drop 
cannot be obtained, an additional hydrant will be opened. 

Step 6 -  When pressure at the test site and flow from the hydrant(s) stabilize (usually 
three to five minutes), the coordinator calls for and records the flow from the 
hydrant(s) and records the pressure at the test site hydrant. The time of the 
reading is recorded. It is also important to record the location of each hydrant. 

Step 7 -  The coordinator instructs the flow hydrants to be closed. It is VERY 
IMPORTANT that the hydrants be closed SLOWLY (over about a one 
minute period) to prevent the rupture of pipes caused by water hammer. 

Step 8 -  The coordinator again reads and records the static pressure at the test location. 

Step 9 -  The test is concluded (remove equipment and replace hydrant caps). Move to 
the next site and perform the next test (Steps 2-9). 

Pump Tests  

A single operating point will be determined for each pump. Pressure gauges will be attached to 
the piping upstream and downstream of each pump where pressure gauges are not already 
attached or if the attached gauges are not functioning. While the pump is running, the pump flow 
rate and upstream and downstream pressures will be recorded. The steps for setting up the pump 
test are listed below.  

Step 1 -  Attach a pressure gauge on the discharge side (and suction side if possible) 
and record the pressure. 

Step 2 - Record the time. 

Step 3 - Collect flow from SCADA or a flow meter for the pump at the time the 
pressure is recorded (SCADA flows will be collected later). 

Step 4 - If the pump has a variable frequency drive (VFD), record the pump speed. 

Pressure Station Verification 

Pressure station verification will be performed to confirm that the SCADA system is recording 
accurate pressure readings. The tests will provide a single pressure reading for each pressure 
station. Calibrated pressure gauges should be used to read the pressure at each of the 7 active 
pressure stations. The steps for performing the pressure station verification are listed below.  

Step 1 -  Attach a calibrated pressure gauge as close as possible to the SCADA system 
pressure sensor. If a ¼” tap is not accessible on the piping next to the SCADA 
sensor, the pressure gauge should be attached at the closest hose-bib or 
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hydrant. In this case, the difference in elevation between the SCADA sensor 
and pressure gauge should be recorded. 

Step 2 - Record pressure and time of reading on the forms provided. 

 

TEST LOCATIONS  

The pressure station verification tests will be preformed at each of the existing pressure stations 
located throughout the City. The pump test will be performed on the pumps in the pump station 
near the 1 MG tank. The following figures show the fire flow test locations. Operating the 
hydrant over the 3-5 minutes needed for each test could cause flooding or erosion damage. The 
City should check the fire flow test location prior to the day of testing to ensure that each 
location is suitable. During field inspection or calibration testing, if any of the locations are not 
found to be suitable or operable, an alternate site will be selected and documented with approval 
of the Brown and Caldwell representative.  
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APPENDIX D 

Steady-State Calibration Field Data and Results 

       



This appendix presents the steady-state calibration field test data and model results. The 
Calibration Test Plan Memorandum (see Appendix C) shows the location of each test, 
with the exception of Test 5 which was moved to a near by hydrant. Table D-1 shows a 
comparison of the field test data to the model results.  

 

Table D-1. Steady State Calibration Results 
Model Pressure Results (psi) Field Test Pressures (psi) Difference (psi)1 

Test 
Static Residual Static Residual Static Residual 

HT1 98 66 95 65 2 0 
HT2 86 82 85 78 0 3 
HT3 95 91 91 71 3 19 
HT4 80 52 83 54 -4 -3 
HT5 73 71 69 65 3 5 
HT6 77 71 73 67 3 3 

1) Difference between model results and field test pressures minus an additional 1 psi to account for height 
of the hydrant nozzle. 

 

Table D-2 lists the assumptions and findings for each test. The two tables are followed 
by the field data gathered during the test and extracted from SCADA. 

 

Table D-2. Steady-State Calibration Assumptions and Findings 
Calibration 

Test Comment 

Hydrant 
Test 1 

8" pipe on Dobrot Way appears to be the only open pipe to the area. 8" on Rock Way 
appears to be closed due to construction. New 12" not on line yet (not much difference if 
12" is on line instead of old 8").  

Hydrant 
Test 2 

Left Vilas set to 73 psi instead of the 87 psi SCADA shows. There could be a closed or 
partially closed valve in the area creating the higher headloss seen in the field data but 
not in the model results during the hydrant flow. 

Hydrant 
Test 3 

Something appears to have occurred in the MWC system to create a large pressure drop 
during this test (i.e. pump station turned on). The pressure drop was system wide, so it in 
not likely to have been caused by the test. 

Hydrant 
Test 4 

4" Pipe on Maple between the two hydrants does not appear to connect to the 8" on 7th 
St. Adjusted all CI pipes with unknown istallation year down to a C-Factor of 105 from 
130. (Re-ran all tests) 

Hydrant 
Test 5 

Adjusted C-Factor of all AC pipes from 140 to 130 and of DI pipes from 130 to 120 to 
match pressure drop during the hydrant flow. (Re-ran all tests)  

Hydrant 
Test 6 Test results matched well with little adjustment. 

 



Hydrant Location

Hydrant Number 481

Tester

Date 8/14/2007
Time of Test 10:41 AM

Pressure
Static Pressure 95 psi
Location Tested

Residual Pressure 65 psi
Location Tested

Hydrant Pressure 55 psi
1250 gpm

2 MG Reservior 78 -371 OPEN 15%

Beall Lane 70 70 1017 99%

Hopkins Road 83 1100

Vilas Road 78 83 16%

Shop 87 83 OFF

Flanagan 69

Forest Glen 69

North Haskell 83

Daily Demand 4.75 mgd

Comments: Pressure Measured from SCADA at Beall Meter was 2 psi below field gauge. Vilas and 
Hopkins SCADA pressures measured same as field gauges.

Pump

Jeff Ballard

Hydrant 482

Hydrant 482

Upstream 
Pressure 

(psi)

Downstream 
Pressure 

(psi)

Inflow Valve Outflow 
Valve      

(% Open)

HYDRANT FLOW TEST

RELEVANT PRESSURES AND INFORMATION
Level      

(% Full)
Discharge 

Pressure(psi
)

Suction 
Pressure(psi)

Flow (GPM)

Test Site #1



Hydrant Location

Hydrant Number 611

Tester

Date 8/14/2007
Time of Test 10:55 AM

Pressure
Static Pressure 85 psi
Location Tested

Residual Pressure 78 psi
Location Tested

Hydrant Pressure 70 psi
1405 gpm

2 MG Reservior 78 -152 OPEN 15%

Beall Lane 68 70 147 99%

Hopkins Road 82 1040

Vilas Road 76 256 22%

Shop 87 82 OFF

Flanagan 69

Forest Glen 71

North Haskell 79

Daily Demand 4.75 mgd

Comments:

HYDRANT FLOW TEST

RELEVANT PRESSURES AND INFORMATION
Level      

(% Full)
Discharge 

Pressure(psi
)

Suction 
Pressure(psi)

Flow (GPM)

Test Site #2

Pressure Measured from SCADA at Beall Meter was 2 psi below field gauge. Vilas and 
Hopkins SCADA pressures measured same as field gauges.

Pump

Jeff Ballard

Hydrant 605

Hydrant 605

Upstream 
Pressure 

(psi)

Downstream 
Pressure 

(psi)

Inflow Valve Outflow 
Valve      

(% Open)



Hydrant Location

Hydrant Number 932

Tester

Date 8/14/2007
Time of Test 10:10 AM

Pressure
Static Pressure 91 psi
Location Tested

Residual Pressure 71 psi
Location Tested

Hydrant Pressure 72.5 psi
1455 gpm

2 MG Reservior 79 -1041 OPEN 21%

Beall Lane 72 72 374 99%

Hopkins Road 86 1289

Vilas Road 79 134 18%

Shop 87 86 OFF

Flanagan 69

Forest Glen 65

North Haskell 83

Daily Demand 4.75 mgd

Comments: Pressure Measured from SCADA at Beall Meter was 2 psi below field gauge. Vilas and 
Hopkins SCADA pressures measured same as field gauges.

Pump

Jeff Ballard

Hydrant 930

Hydrant 930

Upstream 
Pressure 

(psi)

Downstream 
Pressure 

(psi)

Inflow Valve Outflow 
Valve      

(% Open)

HYDRANT FLOW TEST

RELEVANT PRESSURES AND INFORMATION
Level      

(% Full)
Discharge 

Pressure(psi
)

Suction 
Pressure(psi)

Flow (GPM)

Test Site #3



Hydrant Location

Hydrant Number No #

Tester

Date 8/14/2007
Time of Test 10:30 AM

Pressure
Static Pressure 83 psi
Location Tested

Residual Pressure 54 psi
Location Tested

Hydrant Pressure 28 psi
835 gpm

2 MG Reservior 79 -362 OPEN 15%

Beall Lane 73 72 915 99%

Hopkins Road 86 1191

Vilas Road 78 17 9%

Shop 87 86 OFF

Flanagan 69

Forest Glen 73

North Haskell 85

Daily Demand 4.75 mgd

Comments:

HYDRANT FLOW TEST

RELEVANT PRESSURES AND INFORMATION
Level      

(% Full)
Discharge 

Pressure(psi
)

Suction 
Pressure(psi)

Flow (GPM)

Test Site #4 North 8th and Maple

Pressure Measured from SCADA at Beall Meter was 2 psi below field gauge. Vilas and 
Hopkins SCADA pressures measured same as field gauges.

Pump

Jeff Ballard

North 6th and Maple

North 6th and Maple

Upstream 
Pressure 

(psi)

Downstream 
Pressure 

(psi)

Inflow Valve Outflow 
Valve      

(% Open)



Hydrant Location

Hydrant Number 950

Tester

Date 8/14/2007
Time of Test 9:57 AM

Pressure
Static Pressure 69 psi
Location Tested

Residual Pressure 65 psi
Location Tested

Hydrant Pressure 58 psi
1280 gpm

2 MG Reservior 79 -3747 CLOSED 15%

Beall Lane 66 66 940 99%

Hopkins Road 79 1071

Vilas Road 77 487 35%

Shop 87 79 OFF

Flanagan 69

Forest Glen 68

North Haskell 79

Daily Demand 4.75 mgd

Comments: Pressure Measured from SCADA at Beall Meter was 2 psi below field gauge. Vilas and 
Hopkins SCADA pressures measured same as field gauges.

Pump

Jeff Ballard

952

952

Upstream 
Pressure 

(psi)

Downstream 
Pressure 

(psi)

Inflow Valve Outflow 
Valve      

(% Open)

HYDRANT FLOW TEST

RELEVANT PRESSURES AND INFORMATION
Level      

(% Full)
Discharge 

Pressure(psi
)

Suction 
Pressure(psi)

Flow (GPM)

Test Site #5



Hydrant Location

Hydrant Number 44

Tester

Date 8/14/2007
Time of Test 9:40 AM

Pressure
Static Pressure 73 psi
Location Tested

Residual Pressure 67 psi
Location Tested

Hydrant Pressure 60 psi
1300 gpm

2 MG Reservior 79 -3747 CLOSED 15%

Beall Lane 66 66 812 99%

Hopkins Road 79 1129

Vilas Road 76 366 30%

Shop 87 79 OFF

Flanagan 69

Forest Glen 64

North Haskell 80

Daily Demand 4.75 mgd

Comments:

HYDRANT FLOW TEST

RELEVANT PRESSURES AND INFORMATION
Level      

(% Full)
Discharge 

Pressure(psi
)

Suction 
Pressure(psi)

Flow (GPM)

Test Site #6

Pressure Measured from SCADA at Beall Meter was 2 psi below field gauge. Vilas and 
Hopkins SCADA pressures measured same as field gauges.

Pump

Jeff Ballard

77

773

Upstream 
Pressure 

(psi)

Downstream 
Pressure 

(psi)

Inflow Valve Outflow 
Valve      

(% Open)



Calibaration Scenario Input (SCADA Data)
Flanagan Forest Glen North Haskel

Test Day of 
Test Time Date and 

Time

Upstream 
Pressure 

(psi)

Upstream HGL 
(ft)

Downstream 
Pessure (psi)

Downstream 
HGL (ft) Flow (gpm) Pessure 

(psi) HGL (ft) Flow (gpm) Upstream 
Pessure (psi)

Upstream 
HGL (ft)

Downstream 
Pessure (psi)

Downstream 
HGL (ft)

Flow 
(gpm)

Level 
(% Full)

Level 
(ft)

Flow 
(gpm)

Level 
(% Full)

Level 
(ft) Pump Pessure 

(psi)
Pessure 

(psi) Pessure (psi)

HT1 8/14/2007 10:41 14-Aug 10:41 69 1456.36 72 1463.28 229.152 81 1456.36 938 83 1479.08 73 1456.02 43.75 78% 18.92 -371 87% 26.32 OFF 69 71 87
HT2 8/14/2007 10:55 14-Aug 10:55 72 1463.28 71 1460.97 650.6528 85 1463.28 961 87 1488.31 87 1488.31 0 78% 18.92 -152 87% 26.32 OFF 69 71 84
HT3 8/14/2007 10:10 14-Aug 10:10 66 1449.44 68 1454.05 279.8432 78 1449.44 994 76 1462.94 73 1456.02 267.3 79% 19.16 -1041 87% 26.32 OFF 69 59 80
HT4 8/14/2007 10:30 14-Aug 10:30 69 1456.36 72 1463.28 24.9984 81 1456.36 766 82 1476.78 75 1460.63 11.11 79% 19.16 -362 87% 26.32 OFF 69 75 90
HT5 8/14/2007 9:57 14-Aug 09:57 71 1460.97 70 1458.67 919.3856 82 1460.97 859 81 1474.47 79 1469.86 378.4 79% 19.16 0 87% 26.32 OFF 69 68 83
HT6 8/14/2007 9:40 14-Aug 09:40 71 1460.97 70 1458.67 1072.154 83 1460.97 887 81 1474.47 79 1469.86 223.6 79% 19.16 0 87% 26.32 OFF 69 68 83

Hopkins 1 MG TankVilas 2 MG TankBeall



 
 

APPENDIX E 

Dynamic Calibration Results 



 

This appendix includes graphs comparing the model results to SCADA data for the two 
24 hr periods used for dynamic calibration: July 8, 2007 and August 17, 2007. The 
following is a summary of the assumptions and findings from the dynamic calibration: 

 

• Beall FCV set to 80 psi (summer time setting). 

• Hopkins FCV set to 3000 gpm (summer time setting). The valve operates at fully 
open at this setting. 

• Vilas FCV set to 77 psi. Recorded downstream pressures and flow rate indicate 
that the valve is operating slightly lower than the summertime setting of 80 psi. 

• Vilas upstream SCADA pressure used to set HGL at Vilas Master Meter Station 

• Beall upstream SCADA pressure used to set HGL at Beall and Hopkins Master 
Meter Station. The Beall, Shops and Forest Glen SCADA pressures all indicate 
that Hopkins pressure readings are high (consistent 10-15 ft in HGL). 

• Set 2MG tank elevation to 1455 to match inflow and outflow. The tank elevation 
should be surveyed and entered into the model. 

• Flow rate from the master meter stations could not be matched, but this appears to 
have little affect on system pressures. 

 

SCADA data shows that the pump station turns on due to momentary drops in pressure at 
the Shops Pressure Station. These drops in pressure were not captured in the model 
because the diurnal pattern was created from hourly averages; as a result, time controls 
were used to turn the pumps on in the calibration scenarios. 



Dynamic Calibration Results
System Pressure
Test Day: 07/08/07
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Dynamic Calibration Results
System Pressure
Test Day: 07/08/07

Flanagan Park Pressure Station

Forest Glen Park Pressure Station

North Haskel Pressure Station
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Dynamic Calibration Results
2 MG Tank Site
Test Day: 07/08/07

2 MG Tank

2 MG Tank Flow Meter
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Dynamic Calibration Results
1 MG Tank Site
Test Day: 07/08/07

1 MG Tank

Shops Pressure Station

Shops Pumps
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Dynamic Calibration Results
Master Meter Flow Rate
Test Day: 07/08/07

Beall Master Meter Station

Vilas Master Meter Station

Hopkins Master Meter Station
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Dynamic Calibration Results
System Pressure
Test Day: 08/17/07

Beall Master Meter Station

Vilas Master Meter Station
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0
10
20
30
40
50
60
70
80
90

100

0 6 12 18 24

Time (hours)

Pr
es

su
re

 (p
si

)

Field Data

Model Results

0
10
20
30
40
50
60
70
80
90

100

0 6 12 18 24

Time (hours)

Pr
es

su
re

 (p
si

)

0

10

20

30

40

50

60

70

80

90

100

0 6 12 18 24

Time (hours)

Pr
es

su
re

 (p
si

)



Dynamic Calibration Results
System Pressure
Test Day: 08/17/07

Flanagan Park Pressure Station

Forest Glen Park Pressure Station

North Haskel Pressure Station
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Dynamic Calibration Results
2 MG Tank Site
Test Day: 08/17/07

2 MG Tank

2 MG Tank Flow Meter
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Dynamic Calibration Results
1 MG Tank Site
Test Day: 08/17/07

1 MG Tank

Shops Pressure Station

Shops Pumps
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Dynamic Calibration Results
Master Meter Flow Rate
Test Day: 08/17/07

Beall Master Meter Station

Vilas Master Meter Station

Hopkins Master Meter Station
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Dynamic Calibration Results
System Pressure
Test Day: 08/17/07

Beall Master Meter Station

Vilas Master Meter Station

Hopkins Master Meter Station
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Dynamic Calibration Results
System Pressure
Test Day: 08/17/07

Flanagan Park Pressure Station

Forest Glen Park Pressure Station

North Haskel Pressure Station
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Dynamic Calibration Results
2 MG Tank Site
Test Day: 08/17/07

2 MG Tank

2 MG Tank Flow Meter
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Dynamic Calibration Results
1 MG Tank Site
Test Day: 08/17/07

1 MG Tank

Shops Pressure Station
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Dynamic Calibration Results
Master Meter Flow Rate
Test Day: 08/17/07

Beall Master Meter Station
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Wholesale Agreement with MWC 

















 
 

 

APPENDIX G 

Joint Modeling Study Technical Memorandum  

 



To be included in final. 



 
 

 

APPENDIX H 

Detailed Cost Estimates 



Appendix H: Central Point WSMP Detailed Cost Estimate

Description Unit Unit Cost Qty Total Qty Total Qty Total Qty Total Qty Total Qty Total Qty Total Qty Total

Completion Year

Project 

 M-4: Fireflow 

Improvements near Hwy 

99 and Bush St 

PIPING

6-in LF 61.66$       -$                  -$                   -$                  -$                  2,704    166,718$          676       41,679$            296       18,250$            406       25,032$            

8-in LF 82.21$       -$                  -$                   -$                  357       29,348$            -$                  409       33,623$            -$                  561       46,119$            

12-in LF 123.31$     -$                  -$                   588       72,459$            2,129    262,531$          -$                  -$                  810       99,883$            -$                  

16-in LF 149.46$     -$                  248          37,065$             168       25,109$            -$                  -$                  -$                  -$                  -$                  

20-in LF 171.02$     4,693    802,616$          -$                   -$                  -$                  -$                  -$                  -$                  -$                  

24-in LF 199.18$     -$                  -$                   -$                  -$                  -$                  -$                  -$                  -$                  

Major Road Crossings LS -$                  -$                   -$                  -$                  -$                  -$                  -$                  -$                  

Railroad Crossings LS -$                  -$                   -$                  -$                  -$                  -$                  -$                  -$                  

Stream Crossings LS -$                  -$                   -$                  -$                  -$                  -$                  -$                  -$                  

PUMP STATIONS Total 3,121,470$       1,035,000$       

Pump Station LS 3,121,470$       985,000$          

Land ACRE 100,000$   -$                  1           50,000$            

WATER STORAGE TANKS LS 2           2,538,000$       -$                   -$                  -$                  -$                  -$                  -$                  -$                  

Tank 2,452,500$       

Control Valve 85,500$            

SCADA -$                  

Land ACRE 50,000$     

RAILROAD CROSSING

12" Casing J/B LF 294.60$     200       58,920$            100       29,460$            

16" Casing J/B LF 420.00$     

STREAM CROSSING

12" Casing J/B LF 294.60$     

16" Casing J/B LF 420.00$     

MAJOR ROAD CROSSING

12" Casing J/B LF 294.60$     150       44,190$            

16" Casing J/B LF 420.00$     

PROJECT SUB-TOTAL 6,462,086$       37,065$             1,191,488$       365,530$          166,718$          75,303$            118,133$          71,151$            

25% Contingency 25% 1,615,521         9,266                 297,872            91,382              41,679              18,826              29,533              17,788              

DIRECT COST 8,077,607         46,331               1,489,360         456,912            208,397            94,128              147,666            88,939              

15% EAC 15% 1,211,641         6,950                 223,404            68,537              31,260              14,119              22,150              13,341              
PROJECT TOTALS 9,289,248$     53,281$           1,712,764$     525,449$        239,657$        108,247$        169,816$        102,280$        

SUM of Short-Term Projects 9,342,529$        

SUM of Mid-Term Projects 10,560,376$      

SUM of Long-Term Projects 6,614,168$        

2011 2011 2015 - 2020 2015 - 2020 2015 - 2020 2015 - 2020 2015 - 2020 2015 - 2020

M-3: Fireflow 

Improvements on Laurel

M-5: Fireflow 

Improvements on Maple

M-6: Fireflow 

Improvements at the 

Shops

S-1: Vilas Tank, Pump 

Station and Piping

S-2: Dedicated 

Transmission from Hopkins 

to Existing 8-inch M-1: Beall Pump Station

M-2: Fireflow 

Improvements on Hwy 99



Appendix H: Central Point WSMP Detailed Cost Estimate

Description Unit

Completion Year

Project 

PIPING

6-in LF

8-in LF

12-in LF

16-in LF

20-in LF

24-in LF

Major Road Crossings LS

Railroad Crossings LS

Stream Crossings LS

PUMP STATIONS Total

Pump Station LS

Land ACRE

WATER STORAGE TANKS LS

Tank

Control Valve

SCADA

Land ACRE

RAILROAD CROSSING

12" Casing J/B LF

16" Casing J/B LF

STREAM CROSSING

12" Casing J/B LF

16" Casing J/B LF

MAJOR ROAD CROSSING

12" Casing J/B LF

16" Casing J/B LF

PROJECT SUB-TOTAL

25% Contingency 25%

DIRECT COST

15% EAC 15%
PROJECT TOTALS

SUM of Short-Term Projects 9,342,529$        

SUM of Mid-Term Projects 10,560,376$      

SUM of Long-Term Projects 6,614,168$        

Qty Total Qty Total Qty Total Qty Total Qty Total Qty Total Qty Total Qty Total

L-1: Shops Tank, Pump 

Station, and Piping and 

Dedicated Transmission

1,548    95,443$            -$                  769       47,398$            -$                  -$                  -$                  -$                  -$                  

1,137    93,470$            268       22,032$            -$                  -$                  -$                  -$                  -$                  -$                  

-$                  -$                  -$                  4,404    543,066$          1,316    162,279$          4271 526,666$          3078 379,554$          279 34,404$            

-$                  -$                  -$                  -$                  9,984    1,492,169$       -$                  -$                  1919 286,806$          

-$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  

-$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  

-$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  

-$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  

-$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  

-$                  1,890,450$       

1,890,450$       

-$                  

-$                  -$                  -$                  1           1,775,000$       -$                  -$                  -$                  2 2,389,500$       

1,600,000$       2,272,500$       

65,000$            49,500$            

110,000$          67,500$            

1           37,500$            

100       29,460$            

150       44,190$            500 147,300$          

188,914$          22,032$            47,398$            2,391,716$       1,654,447$       673,966$          379,554$          4,601,160$       

47,228              5,508                11,850              597,929            413,612            168,491            94,889              1,150,290         

236,142            27,540              59,248              2,989,645         2,068,059         842,457            474,443            5,751,450         

35,421              4,131                8,887                448,447            310,209            126,369            71,166              862,718            
271,564$        31,671$          68,135$          3,438,092$     2,378,268$     968,825$        545,609$        6,614,168$     

2020-2025 2020-2025 2020-2025  2030 - Buildout2015 - 2020 2015 - 2020 2015 - 2020 2020-2025

M-12: Beall Road 

Transmission

M-13: Penniger Road 

Transmission]

M-11: Wilson Road 

Transmission

M-7: Fireflow 

Improvements between 

Oak and Pine  near 9th

M-8: Fireflow 

Improvements on Hazel 

and 9th 

M-9: Fireflow 

Improvements on Edwina

M-10: Tolo Tank and 

Supply Piping
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