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Executive Summary 
Introduction 

This Executive Summary briefly summarizes the Water System Master Plan (WSMP) Update prepared by 
Anderson Perry & Associates, Inc., for the City of Sisters, Oregon. The recommendations outlined 
hereafter have been developed in cooperation with the City of Sisters’ Public Works Department and 
direction from the Public Works Advisory Committee. This WSMP Update focuses on the City’s water 
system components, including the water supply, treatment, storage, and distribution systems. This 
WSMP Update includes an analysis of the existing systems and their performance, an evaluation of 
system needs and improvement alternatives, and a summary of the City’s current Water Department 
financial status and potential funding opportunities for improvements. Included in this Executive 
Summary is a brief discussion of the population, design criteria, evaluation and needs of water system 
components, categories of improvements and summary of costs, and potential action items related to 
this WSMP Update. For more detailed discussions of the information presented in this Executive 
Summary, refer to the individual chapters of this WSMP Update. 

Objectives of this Water System Master Plan Update 

The primary objectives of this WSMP Update are to accomplish the following: 

1. Establish planning criteria. 

2. Analyze the individual components of the existing water supply system considering capacity, 
compliance with current water quality standards, water rights, condition of components, 
operational dependability, and cost of operation. Potential water supply system improvements 
to meet the planning criteria are identified.  

3. Analyze the existing water storage facilities considering capacity, condition of reservoirs, and 
distribution system pressures. Potential reservoir improvements to meet the planning criteria 
are identified.  

4. Update the existing water model, identify distribution system deficiencies and alternatives for 
meeting current and future water system needs. Provide an updated map of the City’s existing 
distribution system based on the updated water model. 

6. Prepare a summary of current and future water system needs, as well as recommended 
improvements with associated estimated costs and layout schematics. Estimated costs are  
presented with a prioritized Capital Improvements Plan (CIP).  

Population 

To estimate future water system demands, historical water use as a function of the population is 
determined, then projected into the future based on forecasted populations. The City of Sisters’ 2020 
Census population of 3,220 was used as the base year population for which per capita water use 
demands were developed for this WSMP Update. 
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Population projections for this WSMP Update are based on the proposed population forecasts prepared 
by the Population Research Center at Portland State University, dated June 30, 2022, through the 
planning year 2042, resulting in a population within the city limits of 6,917 by 2042. Chapter 2 of this 
WSMP Update presents more information on historic and projected populations for the City of Sisters.  

Design Criteria  

When establishing design standards for a water system, primary consideration must be given to state 
and federal rules and regulations governing water quality and construction standards for water systems. 
These regulations are set by both the U.S. Environmental Protection Agency (EPA) and Oregon Health 
Authority - Drinking Water Services (DWS). In addition to these public health and safety requirements, 
many other factors control the design parameters for municipal water systems, as discussed in  
Chapter 2. 

Chapter 2 summarizes the water system design criteria for evaluating the existing water system and 
developing improvements to satisfy present and future needs for each. Application of these criteria is 
discussed further in the specific chapters that address the water supply, treatment, storage, and 
distribution system facilities.  

Existing Water System 

The City of Sisters utilizes water drawn from four volcanic and sedimentary rock aquifer supply wells to 
supply the City with water. The wells are referred to as Wells No. 1, 2, 3, and 4 and were built in 1975, 
1991, 2007, and 2021, respectively. The need for Well No. 4 was identified in the City’s 2017 Water 
Capital Facilities Plan to accommodate continuing growth. Existing source capacities are adequate to 
supply projected water demands through most of the planning period. 

The City currently holds groundwater rights allowing up to 9.27 cubic feet per second (cfs) (4,161 gallons 
per minute [gpm]) to be withdrawn from City wells. The City currently holds surface water rights 
allowing up to 5.65 cfs (2,536 gpm) to be withdrawn from Pole Creek and Whychus Creek. However, due 
to the high cost of water treatment requirements and low summer streamflow in Whychus Creek, the 
City is unlikely to use surface water for future municipal use. The City’s existing water rights are 
adequate to supply projected water demands through the planning period. 

Well water is disinfected with chlorine at each source. Well No. 1 is disinfected with chlorine gas; all 
other wells are disinfected with sodium hypochlorite produced with on-site generation systems. 

Currently, the City has one operating water storage reservoir, built in 1995, with a total available storage 
volume of 1.6 million gallons (MG). The existing reservoir is located approximately 1.8 miles outside of 
city limits at an elevation sufficient to provide adequate water delivery pressures without booster pump 
stations. The reservoir is adequately sized to provide the City’s existing operational, equalization, and 
fire demand design storage volumes with additional reserve volume. To accommodate the City’s 
projected growth, it is recommended additional storage be constructed within the planning period. 

The City’s distribution system consists of a piping network that provides water and system pressure to 
the City’s users. The City has more than 200,000 feet of piping in its distribution system. The distribution 
system piping consists of asbestos cement (AC), polyvinyl chloride (PVC), high density polyethylene, cast 
iron, ductile iron (DI), galvanized steel, and carbon steel piping. Much of the original steel and AC 
distribution piping has been replaced over time. As of November 2022, approximately 90 percent of the 
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existing system consists of C900 PVC pipe. Piping within the distribution system generally ranges from 
4- to 16-inch diameter, with the majority being 4-, 6-, 8-, 10-, and 12-inch diameter. 

Water Quality Requirements 

The City of Sisters’ water system comes under the jurisdiction of the DWS. The DWS assumed primacy 
(responsibility) from the EPA in February 1986 for enforcement of the federal Safe Drinking Water Act. 
Therefore, the City works primarily with the DWS as the regulating agency with regard to their water 
system. The City has not received any regulatory violations from the DWS in the last five years.  

The Deschutes County Environmental Health Division conducts water system sanitary surveys of 
communities on behalf of the DWS to assist with identifying potential contamination sources that may 
impact water quality. These surveys are generally scheduled to occur every three to five years. 

The City of Sisters’ latest sanitary survey was conducted on July 26, 2022. The only noted deficiency was 
a gap between the steel plate and the concrete pedestal on Well No. 1. The City has corrected this 
deficiency and reported the correction to the Deschutes County environmental specialist. 

In summary, many regulations affect operation of the City of Sisters’ water system. The City of Sisters 
has good water quality with an efficient well-maintained water system meeting federal and state water 
quality criteria. 

Deficiencies 

The City’s water supply, treatment, storage, and distribution systems are generally in good condition, 
are operated efficiently, and have adequate capacity to meet current water demands and supply the 
City with good quality drinking water. Most existing deficiencies are due to aging infrastructure and do 
not pose critical risks. Certain systems will become deficient in capacity as demand increases with 
growth. Additional facilities and upsizing of transmission lines will be needed to accommodate such 
growth. Existing and future water system deficiencies are outlined hereafter.  

Supply and Treatment 

 Current water source capacity will not meet projected future demands under well 
operational design conditions developed during the preparation of this WSMP Update. 
Through discussions with City staff, the well operational design conditions assume the 
largest producing source is offline (maintenance, contamination, etc.) and the remaining 
sources are limited to a maximum operating time of 21 hours per day. Under these 
conditions, it is estimated that the City’s maximum daily demand (MDD) will exceed the 
available supply capacity when the population reaches approximately 4,500 (near year 
2028) and the existing source capacity would be approximately 2.1 million gallons per day 
below the system’s MDD in year 2042. The need for additional source capacity is dependent 
on the storage reservoir’s ability to make up the difference between the MDD and the 
available source capacity. 

 The Well No. 1 mechanical building is approaching its useful service life. The building is also 
undersized to accommodate the on-site chlorination system, electrical equipment, and 
controls. 
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Storage 

 Through discussions with the City, it was decided that storage facilities should be capable of 
providing all necessary operational needs and have a remaining emergency reserve storage 
of at least one day’s storage of average daily demand (ADD). Under these parameters, the 
year 2022 storage is deficient by approximately 40,000 gallons, and this shortage would be 
exacerbated with continuing growth throughout the planning period. 

Distribution 

 A single 12-inch AC transmission line conveys water to and from the reservoir to a location 
referred to as Whychus Creek junction. The AC transmission line was constructed in the 
1960s and is reaching the end of its service life. Since construction, nearby trees have grown 
to an extent that could potentially cause damage to the line should they fall. No redundancy 
in the transmission lines exists to maintain reservoir operation if this section of line is 
damaged or removed from service for another reason. 

 The existing distribution system cannot adequately provide the planning year’s projected 
peak hourly flow or recommended fire flow while maintaining a minimum residual system 
pressure of 20 pounds per square inch at all points of delivery. 

Summary of Existing Water Supply and Treatment, Storage, and Distribution System 
Recommended Improvements 

Supply and Treatment 

To address potential water supply capacity deficiencies expected to arise toward the end of the 
planning period, it is recommended that the City develop a new source, increase the capacity of 
either Well No. 1 or 2, or do both. Assuming the City constructs additional storage (discussed further 
below and in Chapter 4) and assuming the largest producing source was offline, the City would need 
to construct and bring online a new source or increase the capacity of an existing source by year 
2035. To exercise the City’s full permitted withdrawal rate by either developing a new source or 
increasing the capacity of the existing sources, either a permanent water rights transfer or permit 
amendment from the Oregon Water Resources Department would be needed. A new permit to use 
groundwater could also be applied for to increase the total permitted groundwater withdrawal rate. 

To add redundancy and operational flexibility to the system, it is recommended that the City install a 
variable frequency drive (VFD) and standby power to Well No. 3. This will reduce the chance of the 
City relying on only three of four sources during utility interruptions and will add the ability to run 
Well No. 3 based on a distribution set point pressure. 

To maintain Well No. 1 in good working order and convert from gas chlorination to on-site 
generation of sodium hypochlorite, it is recommended the City construct a new Well No. 1 
mechanical building. This will provide adequate space to install new electrical, instrumentation, and 
controls; install a new on-site sodium hypochlorite generator system; resolve aging infrastructure 
deficiencies; and reduce operation and maintenance costs and safety concerns associated with the 
existing chlorine gas disinfection system. 
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Storage 

Based on findings of this WSMP Update and discussions with City staff, constructing an additional 
2.2 MG of storage is recommended. This volume was determined based on design criteria for the 
planning year 2042. Based on lifecycle costs and resilience to seismic activity, the preferred type of 
reservoir is a prestressed concrete tank. The location of the new reservoir will be adjacent to the 
existing reservoir for ease of connection to the existing system and pre-arranged agreement with 
the U.S. Forest Service for the proposed land use. The reservoir should be constructed at the same 
elevation as the existing tank to allow a hydraulic connection without additional control 
mechanisms. The City currently has an emergency reserve capacity of 1,034,500 gallons, which is 
less than the current year’s ADD. Based on current population forecasts and assuming no additional 
storage is constructed, the City’s entire volume of storage will be utilized in approximately year 2035 
with no remaining emergency reserve available at that time. To maintain the recommended 
emergency reserve, the new reservoir should be constructed as soon as reasonably possible. 

Distribution 

High Priority Improvements 

1. Install a new 16-inch PVC transmission line from the existing reservoir to the city limits 
near the middle and high schools on Edgington Road. 

2. Install a new 16-inch DI transmission line from the existing reservoir to the Whychus 
Creek junction. 

Medium Priority Improvements 

1. Replace existing AC distribution mains in the Edge O The Pines subdivision. 

2. Install a new 12-inch PVC water main on Camp Polk Road Extension from East Barclay 
Drive to Sun Ranch Drive. 

3. Install a new 12-inch DI transmission line from the Whychus Creek junction to the city 
limits and replace the existing 12-inch AC water main from East Tyee Drive to East Hood 
Avenue with new 12-inch PVC pipe. 

4. Install a new 12-inch PVC distribution main along the city limits from East Desperado 
Trail to Creekside Drive. 

5. Reconnect existing Hood Avenue South Alley water services with new taps, lines, meter 
assemblies, and valve boxes from either West Hood Avenue or West Washington 
Avenue. 

Long-Term/Future Development Improvements 

No other long-term development improvements are needed. An ongoing meter replacement 
program to replace aging service meters should be implemented on an annual basis. 
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To meet the objectives of this WSMP Update, address identified deficiencies, and support growth 
and development in the City, recommended water system improvements have been identified and 
are summarized on Table ES-1. 

TABLE ES-1  
RECOMMENDED WATER SYSTEM IMPROVEMENTS PROJECTS, IMPLEMENTATION TIME FRAME, AND 

TOTAL ESTIMATED PROJECT COST1 

Implementation 
Priority Chapter 

Improvement 
Type 

Recommended 
Improvement 

Total Estimated Project Cost and 
Implementation Time Frame (2023 Dollars) 

2023 to 2027 2027 to 2032 2032 to 2042 
1 3 Supply Install VFD and backup 

power at Well No. 3. 
$372,000   

2 3 Supply, 
Treatment 

Rebuild the Well No. 1 
pump station building 
and install a new on-site 
generation system. 

$808,000   

3 4 Storage Construct new 2.2 MG 
water storage tank and 
rehabilitate the existing 
1.6 MG water storage 
tank. 

$6,283,000   

4 5 Distribution Install a new 16-inch 
PVC transmission line on 
Edgington Road from 
the existing reservoir to 
city limits near the 
middle and high 
schools. 

$3,635,000   

5 5 Distribution Install a new 16-inch DI 
transmission line from 
the existing reservoir to 
Whychus Creek 
junction. 

$1,466,000   

6 5 Distribution Replace existing AC 
distribution mains in the 
Edge O The Pines 
subdivision. 

 $1,567,000  

7 5 Distribution Install new 12-inch PVC 
water main on Camp 
Polk Road Extension 
from East Barclay Drive 
to East Sun Ranch Drive. 

 $319,000  

8 5 Distribution Install a new 12-inch DI 
transmission line from 
the Whychus Creek 
junction to East Tyee 
Drive and replace the 
existing 12-inch AC 
water main from East 
Tyee Drive to East Hood 
Avenue with new 12-
inch PVC pipe.  

 $2,504,000  

9 5 Distribution  Install new 12-inch PVC 
main from East 
Desperado Trail to 
Creekside Drive. 

 $654,000  
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1All costs shown are in 2023 dollars. Estimated project costs were prepared using methodology established by the 
City and City Engineers with reference to pre-pandemic itemized bids inflated by 4.5 percent from the referenced 
project bid date to year 2023. Total estimated project costs must be re-evaluated prior to the implementation time 
frame to account for inflation, supply chain cost escalations, contractor availability, and general market volatility. 
Due to the recent volatility of the market and supply chain shortages, actual costs may vary significantly. 
M = million 

Action Items and Implementation Schedule 

To move forward with completing the water system improvements summarized in this WSMP Update, 
the following action items are recommended. 

Action Item 

The City will need to: 

 Submit and obtain approval of this WSMP Update from the DWS. 

 Finalize and adopt this WSMP Update and the recommended improvements once agencies 
review and approve the draft WSMP Update. 

 Review and update its comprehensive plan to incorporate the findings of this WSMP 
Update.  

 Inform the Public Works Advisory Board of the need for and scope of the improvements 
projects, to answer questions, and to explain the need for potential increases in user fees. 

 Develop a funding plan for the desired improvements during the time frames indicated in 
the CIP (see Chapter 7). 

 Develop the required permitting (e.g., boring under highways, river crossings, etc.) 

Implementation 
Priority Chapter 

Improvement 
Type 

Recommended 
Improvement 

Total Estimated Project Cost and 
Implementation Time Frame (2023 Dollars) 

2023 to 2027 2027 to 2032 2032 to 2042 
10 5 Distribution Reconnect existing 

Hood Avenue South 
Alley water services 
with new taps, lines, 
meter assemblies, and 
meter boxes from either 
West Hood Avenue or 
West Washington 
Avenue. 

 $103,000  

11 3 Supply Construct new Well  
No. 5 and transmission 
line. 

  $2,102,000 

Annually 5 Distribution Ongoing water service 
meter replacement. 

50 per year 
at $400 each 

= $20,000 
per year 

50 per year at 
$400 each = 
$20,000 per 

year 

50 per year at 
$400 each = 
$20,000 per 

year 
   TOTALS $12.6 M $5.2 M $2.1 M 

TOTAL RECOMMENDED IMPROVEMENTS COST (2023 Dollars) 
YEARS 2023 THROUGH 2042 

$19.9 M 
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 Prepare funding applications, as applicable, for the associated water system improvements 
projects and submit them to the appropriate funding agencies. 

Recommended Improvements Summary Implementation Plan 

To implement the recommended improvements, the City will need to secure monies to fund these 
improvements, while working closely with its citizens to inform them of the water system needs and the 
necessity for increased water user rates.  

Water system improvements as outlined in this WSMP Update are intended to provide the City with a 
reliable, quality water system that will meet the needs of the City for the 20-year planning period and 
beyond. As development occurs, water system improvements will help the City meet these needs. With 
the CIP approach, projects will be implemented in a manner that distributes the use of funds throughout 
the 20-year period and prioritizes projects necessary to maintain adequate supply, treatment, storage, 
and distribution as the population grows. 
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Chapter 1 - Introduction 
Purpose of Plan 

This Water System Master Plan (WSMP) Update presents the results of a water system planning effort 
intended to provide information from which continued and future operation and future improvements 
to the City of Sisters’ municipal water system can be based. This WSMP Update is intended to satisfy the 
criteria of the Oregon Health Authority - Drinking Water Services (DWS) and Oregon Administrative 
Rules 333-061-0060 and provide the City with a projected plan to meet water system needs for the next 
20 years. The purpose of this WSMP Update is to develop water system design criteria for a 20-year 
planning period; evaluate the adequacy of the existing water supply, storage, and distribution systems; 
identify any deficiencies or operational issues in the existing water system; evaluate alternatives for 
improving the City’s water system; and provide a summary of the current Water Department financial 
status and potential funding programs for improvement implementation.  

Organization of this Water System Master Plan Update 

This WSMP Update is divided into seven main chapters and an Executive Summary. Specifically, the 
WSMP Update includes: 

A. An Executive Summary of the overall WSMP Update that describes water quality and service 
goals (design criteria), present and future water system deficiencies, the Engineer’s 
recommended alternatives for achieving the goals and correcting the deficiencies, and the 
recommended implementation plan for funding, designing, and constructing improvements. 

B. Chapter 1, “Introduction,” discusses the objectives of the WSMP Update, describes the 
community and environment, and provides an overview of the City’s existing water system. 

C. Chapter 2, “Water System Requirements,” presents the data upon which recommended 
improvements to the water system are based. Data relating to current and 20-year elements 
such as service area, population, land use, water use, fire flows, state and federal regulations, 
and the design criteria developed for this WSMP Update are presented. Included in this section 
are additional design criteria associated with providing service to future commercial/industrial 
customers with higher than typical water demands. A description of the water quality and level 
of service goals (design criteria) for the water system considering existing and anticipated future 
regulatory requirements, non-regulatory water quality needs of water users, flow and pressure 
requirements, capacity needs related to water use, and fire flow needs are also provided. 

D. Chapter 3, “Water Supply and Treatment,” discusses the operation and capacity of the existing 
water supply and treatment systems with respect to existing and future system demands and 
regulations. Information concerning water rights and permits for the appropriation of water 
from various sources is presented. Potential alternatives to further develop the City’s water 
supply system are also presented. 

E. Chapter 4, “Water Storage,” discusses the existing storage reservoir, presents the four primary 
components of water storage relative to the City’s design criteria, discusses alternative types of 
storage facilities, and provides recommendations for storage improvements.  
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F. Chapter 5, “Distribution System,” presents information related to the existing distribution 
system facilities, water quality test results, and fire flow information. Results from computer 
modeling of the water system are presented. Existing deficiencies and deficiencies likely to 
develop during the planning period are identified. Improvements are presented to address both 
existing and future anticipated limitations of the distribution system. 

G. Chapter 6, “Recommended System Improvements and Improvements Prioritization,” presents 
information related to water supply, storage, and distribution system improvements developed 
through analysis of the system. Recommended improvements are prioritized for inclusion in a 
Capital Improvements Plan with identified time frames for implementation. Cost estimates are 
presented for the high priority water system improvements. 

H. Chapter 7, “Current Financial Status and Project Financing,” provides a summary of the Water 
Department financial status and a description of alternatives to finance water system 
improvements, including local financing such as user rates and financing assistance programs.  

I. The “Appendices” contain key materials referenced in this WSMP Update, which are provided 
for reference by City staff. This information includes water rights information and other 
applicable water system information. 

Sources of Information 

The conclusions and recommendations outlined in this WSMP Update are based on data, information, 
and records provided by the City’s Public Works Department and City Engineer. This information 
includes, in part, past flow records (supply and usage), descriptions of system operation, condition of 
system components and identification of problem areas, water quality data, and system layout and 
sizing. The recommendations and conclusions are, therefore, dependent in part on the completeness 
and accuracy of the information provided.  

Previous plans, studies, databases, and standards for the City’s water system have been referenced with 
the development of this WSMP Update. These items include: 

 2017 Water Capital Facilities Plan Update (Becon Civil Engineering and Land Surveying) 

 2017 Water Management and Conservation Plan (GSI Water Solutions, Inc.) 

 2017 Public Protection Classification Summary Report (Insurance Services Office, Inc.) 

 2021 City of Sisters’ Water System GIS Database 

Review and Updating of Water System Master Plan 

This WSMP Update should be periodically reviewed and updated to stay current with population 
growth, water system demands, and changing state and federal regulations. The DWS requires WSMPs 
be updated every 20 years. However, due to the City’s projected growth over the next five to ten years, 
it is recommended this WSMP Update be reviewed at five-year intervals and be updated at ten-year 
intervals, or as growth dictates.  

Objectives of this Water System Master Plan Update 

The primary objectives of this WSMP Update are to accomplish the following: 
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1. Establish planning criteria including service area boundaries; population growth projections; 
past, present, and future water usage patterns; fire flow requirements; federal and state 
standards; system pressures; and service goals. 

2. Analyze the individual components of the existing water supply and treatment systems 
considering capacity, compliance with current water quality standards, water rights, condition of 
components, operational dependability, and cost of operation. Develop the water supply needs 
for the planning period and identify alternatives for meeting long-term water supply needs 
including alternatives for correcting existing system deficiencies. Evaluate the historic 
performance of the City’s wells and the City’s ability to maintain capacity and develop additional 
capacity. Evaluate water supply development/improvement options and associated capital and 
operation and maintenance costs.  

3. Analyze the existing water storage facilities considering capacity, condition of the reservoir, and 
distribution system pressures. Assess the City’s storage capacity considering operational storage, 
equalization storage, fire reserve storage, and emergency storage. Identify the storage 
requirements of the water system for the planning period. Evaluate water storage 
development/improvement options and associated costs. 

4. Utilizing existing distribution system maps, GIS mapping, and City records, update the existing 
water model to depict current conditions and present future improvement options. Identify 
distribution system deficiencies and alternatives for meeting current and future system needs. 
Provide estimated costs for implementing recommended high priority improvements. Prepare 
proposed water distribution improvement figures or maps. 

5. Prepare a summary of current and future water system needs as well as develop a Capital 
Improvements Plan with recommended improvements with associated estimated costs and 
layout schematics. Recommendations will be made for meeting the water system needs for the 
planning period, and an implementation schedule will be developed to outline a phased, 
prioritized plan to address any recommended system improvements to be implemented over 
the next ten years. 

6. Provide a summary of the existing Water Department financial condition noted in previous 
studies completed for the City. Information is also provided about potential state and federal 
grant and loan programs that may be available to assist the City in implementing any identified 
water system improvements.  

Regional Setting 

The City of Sisters lies in the northwestern portion of Deschutes County, Oregon, east of the Cascade 
Range. Whychus Creek runs through the southeast corner of the City, flowing from southwest to 
northeast.  

Topography 

The County generally slopes northeast, with major drainages flowing east and northeast. Whychus 
Creek, which runs through the southeastern section of the City, flows northeast to the confluence 
with the Deschutes River. Elevations rise heading west toward the Cascade Range. The elevation of 
the City of Sisters ranges from approximately 3,150 to 3,225 feet above mean sea level. 
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Weather Conditions 

In the Sisters’ area, summers are typically dry with clear days. Winters bring rain, snow, and frozen 
soils. Temperatures vary from an average high temperature in summer of 84.3° Fahrenheit (F) to an 
average low temperature in winter of 21.1°F. According to data compiled by the Western Regional 
Climate Center, the annual average precipitation is approximately 13.62 inches per year. Santiam 
Pass, located approximately 17 miles northwest of the City in the Cascade Range, receives an 
average of approximately 85 inches of precipitation per year. The variation in precipitation from the 
Cascade Range to the City is due to a rain shadow effect. 

Transportation 

U.S. Route 20 and Oregon Route 126 merge in Sisters to form Cascade Avenue, the main 
thoroughfare through the city center. The two highways split east of Sisters, with Oregon Route 126 
heading to Redmond and U.S. Route 20 heading to Bend. West of Sisters, Oregon Route 242 splits 
off the combined Oregon Route 126 and U.S. Route 20. 

Location and Study Area 

The City of Sisters is situated at the convergence of U.S. Route 20 and Oregon Route 126 and bordered 
on the west by the lower eastern slopes of the Cascade Range. Surrounding communities to the east 
include Bend and Redmond, Oregon. The location of the community and layout of the City relative to 
surrounding physical features are shown on Figure 1-1.  

The study area for this WSMP Update encompasses the entire area within the Sisters’ city limits. The city 
limits and UGB are also shown on Figure 1-1. 

Soils 

The City’s soils are generally composed of a sandy loam. Based on a Natural Resources Conservation 
Service soil survey, most of the soils in and around the City fall into three categories: 85A-Lundgren 
sandy loam, 47A-Ermabell loamy fine sand, and 157C-Wanoga-Fremkle-Rock outcrop complex. These 
soils slowly convey runoff and have a slight risk of erosion. All three soil types are well drained and are 
not prone to flooding following precipitation. 

Waterways and Wetlands 

Whychus Creek is the largest perennial stream in the surrounding area, flowing from southwest to 
northeast through the southeast region of Sisters. Most of the developed areas of the City lie outside 
the Whychus Creek 100-year floodplain, with only a few structures located near the floodplain. 
Well No. 1 is located outside the 100-year floodplain as shown on the Federal Emergency Management 
Agency’s (FEMA) Flood Insurance Rate Map panel, but the ground surface elevations at the well are very 
near 100-year flood levels reported by FEMA. 

Irrigation pipes, canals, and ditches in the Sisters area route surface water to surrounding agricultural 
fields. These irrigation conveyance systems are primarily served by Whychus Creek, although many are 
currently not used, as many surface water rights in the region have been transferred to in-stream leases.  
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Multiple wetlands exist in and around the City, primarily within the riparian zone of Whychus Creek. A 
few other wetlands are mapped on Deschutes County’s National, Local, and State Wetland Inventory 
mapper, including multiple intermittent streams and manmade ponds. These appear to have very little 
or no flow for most of the year. 

Existing Water System 

Overview 

The City of Sisters’ water system generally serves the area within its city limits. The City also 
provides water to a Sisters-Camp Sherman Fire District training facility. Existing water facilities 
include four volcanic and sedimentary rock aquifer supply wells and associated pump stations, one 
water storage reservoir, and water distribution piping. The water storage reservoir is located outside 
city limits at a higher elevation. Three of the wells are within city limits, and one is located 
approximately 500 feet south of city limits adjacent to Whychus Creek. All of the wells are 
connected directly to the distribution system. The water storage reservoir is both filled and drained 
through a transmission line network. No water treatment is currently required; however, the City 
uses chlorine disinfection at each supply well to maintain a residual in the system. A surface water 
diversion from Pole Creek was used historically and remains in place but is no longer used. The Pole 
Creek diversion system is composed of an embankment dam and sand filter. Piping from the sand 
filter to the existing transmission line has been disconnected. The City has no booster pump 
stations. The distribution system pressure is maintained by the water storage reservoir level and is 
affected by pipe friction losses in the reservoir transmission line. During high demands when no 
supply wells are running, distribution system pressure falls due to friction losses in the reservoir 
transmission line. When system pressure drops below supply well set points, the wells turn on, 
adding supplemental water to the system and assisting in maintaining system pressure. The 
locations of the main water system components are shown on Figure 1-1. Figure 1-2 presents a 
water system schematic diagram depicting the existing water system components and process 
flows. The City’s water system components are discussed briefly hereafter. Each system component 
is discussed in greater detail in subsequent chapters of this WSMP Update. 

Water Supply 

The City obtains all of their municipal water supply from four wells constructed in a volcanic and 
sedimentary rock aquifer. The combined water rights for potable water from these sources allow 
more than 4.7 million gallons per day (3,300 gallons per minute) of water to be provided to the City. 
Additional surface water rights from Pole Creek and Whychus Creek allow 5.65 cubic feet per 
second; however, these rights are no longer exercised due to costly practices associated with 
treating surface water. Groundwater is treated at each source with either chlorine gas or sodium 
hypochlorite prior to distribution throughout the system. A summary of the City’s water supply wells 
is shown on Table 1-1. 
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TABLE 1-1   
SUMMARY OF WATER SUPPLY SOURCES 

Well Number General Location/Land Ownership 
Well No. 1 On Three Creeks Road south of East Tyee Drive outside city limits. The well is in 

an existing easement. 
Well No. 2 On West McKinney Butte Road, on the northeast corner of the middle school’s 

ballfield. 
Well No. 3 On South Sun Ranch Drive in the Grand Peaks at Sisters subdivision. Well No. 3 is 

on City-owned land. 
Well No. 4 At 504 South Locust Street in Sisters Creekside Campground on City-owned land. 

Water Storage 

The storage facilities within the City’s water system include a totally enclosed 1.6 million gallon (MG) 
partially buried concrete reservoir and an embankment dam open air reservoir. Only the enclosed 
concrete reservoir remains in service. The reservoirs are adjacent to each other and located 
approximately 1.8 miles south of the city limits. Table 1-2 provides general location information. 

TABLE 1-2   
SUMMARY OF WATER STORAGE FACILITIES 

Reservoir Description General Location/Land Ownership 
1.6 MG Concrete Tank Approximately 1.8 miles south of Sisters. 
Abandoned embankment 
dam open air reservoir 

Adjacent to the 1.6 MG concrete tank. 

Distribution System 

The City has approximately 190,000 linear feet (LF) of 6-inch diameter or larger piping in its 
distribution system, with an additional 9,000 LF of 4-inch diameter and smaller pipe. The distribution 
system piping consists of asbestos cement, polyvinyl chloride, high density polyethylene, cast iron, 
ductile iron, galvanized steel, and carbon steel piping. Piping within the distribution system generally 
ranges from 4- to 16-inch diameter, with the majority being 6-, 8-, 10-, and 12-inch diameter.
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Chapter 2 - Water System Requirements 
Introduction 

This chapter of the Water System Master Plan (WSMP) Update presents basic information from which 
criteria have been developed for evaluating the City’s water system. These criteria are used to 
determine the needed size or capacity of system improvements to serve the City for the 20-year 
planning period. Information concerning the service area, population projections, land use, water use, 
and state and federal requirements is presented. 

Service Area 

The term “service area” refers to the area being served with water from the City’s water system. The 
present service area primarily consists of developed lands within the city limits. For the purposes of this 
WSMP Update, the future service area consists of the present service area and undeveloped areas 
within the urban growth boundary (UGB) as shown on Sisters’ Planning and Zoning Map located in 
Appendix A. Land within the City’s UGB is mostly developed with relatively small vacant lots distributed 
fairly evenly through the city limits.  

The City is expecting residential, commercial, and industrial growth to continue, but the annexation of 
additional land beyond the available land within the UGB may or may not be required. In response to 
recent growth, the need for up to 100 acres but as little as no additional buildable land outside the City’s 
current UGB has been identified. 

Service Population and Planning Period 

To estimate the demands that may be placed on a municipal water system, a determination of the 
population to be served must be made. Population estimates must be made with reference to time. 
Projections are usually made based on an annual percentage increase estimated from past growth rates, 
while considering future growth expectations. The addition or deletion of a major business, industry, or 
recreation use in the area could significantly affect the population and overall water system needs.  

The period over which the population is to be projected usually depends on the type of improvements 
being considered. Improvements requiring long-term financing should be designed for no less than the 
term of the financing. Facilities that are readily expanded or modified normally have a ten- to 20-year 
design life. Facilities that are not easily modified or expanded, such as buried pipelines and storage 
reservoirs, may be designed for their expected life, which is usually 40 to 50 years, or more.  

The historical population data for the City of Sisters, shown on Chart 2-1, were provided by the 
Population Research Center (PRC) located at Portland State University (PSU). This agency is the 
recognized primary source of population data available in Oregon between the official Census data 
generated at the beginning of each decade. Past population figures from the PRC and the Census show 
the City’s population has increased steadily from 708 in 1990, to 959 in 2000, and 3,220 in 2020, 
respectively. This represents a historical growth rate between 1990 and 2000 of approximately  
3.1 percent per year, and between 2000 and 2020 of approximately 6.2 percent per year. The City has 
experienced average annual growth rates of 6 to 10 percent between 2016 and 2020, which is a 
significantly higher rate than projected by the PRC. The PRC’s population estimate for 2020 of 3,220 was 
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used as the base population to determine water system demands on a per capita basis in the development 
of this WSMP Update.  

The PRC forecasts that the City of Sisters’ population will increase to 6,551 and 7,505 in year 2040 and 
2045, respectively. This equates to an annual rate of 2.75 percent between 2040 and 2045. Applying 
these growth rates to the design year results in a projected population of 6,917 in year 2042.  

CHART 2-1   
HISTORICAL AND PROJECTED POPULATION 

 
In 2013, the Oregon Legislature passed House Bill (HB) 2253, which was signed by the governor.  
HB 2253 removed the responsibility for developing population projections from counties and assigned 
coordinated population forecasting to the PRC for cities and counties in Oregon outside the Portland 
metro boundary. HB 2253 was codified under Oregon Revised Statutes Chapter 195 and is further 
implemented under Oregon Administrative Rules (OAR) Chapter 660, Division 032. OAR 660-032-0020(1) 
requires local governments to use the most recent final population forecast when changing a 
comprehensive plan when the change is based on a population forecast. The PRC completed population 
projections for Deschutes County and all cities within the County, including the City of Sisters, in 2022. 

Land Use 

This WSMP Update has been prepared to consider water use requirements within the Sisters city limits 
and UGB. The City has established zoning within the city limits and within areas adjacent to the city 
limits in the UGB. The City’s UGB currently has only a single plot of City-owned land, which is zoned as 
Public Facility (PF). 

Within the city limits and UGB, the City has developed the zoning designations noted on Table 2-1.  
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TABLE 2-1   
LAND USE DISTRICTS 

WITHIN THE CITY LIMITS AND URBAN GROWTH BOUNDARY 
City Zone UGB Outside of City Limits 

Airport (A) UAR10 
Downtown Commercial (DC)  
Highway Commercial (HC)  
Tourist Commercial (TC)  
Open Space (OS)  
Public Facility (PF)  
Light Industrial (I1)  
North Sisters Business Park (NSBP)  
Multi-Family Residential (MFR)  
Residential (R)  
Sun Ranch Residential (SRR)  
Pine Meadow Village Residential (R-PMV)  
Urban Area Reserve (UAR)  
Urban Area Reserve 10 Acre Min. (UAR10)  

The zoning classifications in the city limits and the UGB are shown on the City’s Planning and Zoning 
Map located in Appendix A. 

Regulatory Requirements 

The City of Sisters’ water system comes under the jurisdiction of the Oregon Health Authority - Drinking 
Water Services (DWS). The DWS assumed primacy (responsibility) from the U.S. Environmental 
Protection Agency (EPA) in February 1986 for enforcement of the federal Safe Drinking Water Act 
(SDWA). Therefore, the City is currently, and will principally be, working with the DWS as the regulating 
agency with regard to their water system.  

Regulatory Background 

The SDWA was originally passed by Congress in 1974 to protect public health by regulating the 
nation’s public drinking water supply. The law was amended in 1986 and 1996 and requires many 
actions to protect drinking water and its sources: rivers, lakes, reservoirs, springs, and groundwater 
wells. The primary regulations associated with the SDWA address requirements concerning trace 
minerals, compounds, and microorganisms that may affect the health of water consumers. The 
SDWA provides for monitoring, testing requirements, reporting, record keeping, and public 
notification procedures in the event of non-compliance.  

The 1986 amendments to the SDWA included provisions for wellhead protection, new monitoring 
for certain substances, filtration for certain surface water systems, disinfection for certain 
groundwater systems, and restrictions on lead content in pipe solder and plumbing. 

The 1996 amendments to the SDWA included provisions for consumer confidence reporting, 
stronger protection for microbial contaminants and disinfection byproducts, operator certification, 
lowering maximum contaminant levels (MCLs), and source water assessments. 
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Enacted in 1981, the Oregon Drinking Water Quality Act established periodically amended statutes 
and subsequent administrative rules to enforce, at a minimum, the federal SDWA requirements. The 
DWS administers and enforces drinking water quality standards for public water systems in the state 
of Oregon. The agency focuses resources in the areas of highest public health benefit and promotes 
voluntary compliance with state and federal drinking water standards. The DWS also emphasizes 
prevention of contamination through source water protection, provides technical assistance to 
water system owners, and provides water system operator training. They also work closely with 
public water systems to make sure public notification is made in accordance with regulatory 
guidelines when required. If the City is unaware of their compliance status or in need of regulatory 
guidance, it is recommended that the regional DWS office be contacted. 

Recent Regulatory History (Past 15 Years) 

Following is a list of regulations that have been enacted in the past 15 years: 

1. Reduction of Lead in Drinking Water Act. This requires any new installation or purchase of 
materials used in potable locations to be “lead-free.” Lead-free has been redefined as “(A) not 
containing more than 0.2 percent lead when used with respect to solder and flux; and (B) not 
more than a weighted average of 0.25 percent lead when used with respect to the wetted 
surfaces of pipes, pipe fittings, plumbing fittings, and fixtures.” This law was enacted on  
January 4, 2014. Oregon requires drinking water components to be National Sanitation 
Foundation/American National Standards Institute Standard 61 compliant to meet the intent of 
this law. 

2. Stage 2 Disinfectants and Disinfection Byproduct Rule (D/DBPR). This rule focuses on public 
health protection by limiting exposure to disinfection byproducts. The D/DBPR specifically 
targets total trihalomethanes and five haloacetic acids, which can form in water through 
disinfectants used to control microbial pathogens. This rule applies to all community water 
systems (CWSs) and non-transient non-community (NTNC) water systems that add a primary or 
residual disinfectant other than ultraviolet light. Stage 2 of the D/DBPR was enacted in 2012 for 
large CWSs and NTNCs and in October 2013 for all CWSs and NTNC water systems.  

3. Unregulated Contaminant Monitoring Rule (UCMR) 3. The EPA uses the UCMR program to 
collect data for contaminants suspected to be present in drinking water but that do not have 
health-based standards set under the SDWA. Every five years, the EPA develops a new list of 
UCMR contaminants, largely based on the Contaminant Candidate List. OAR 333-061-0043 
requires CWSs to report detection of unregulated contaminants in their annual Consumer 
Confidence Report. 

4. Revised Coliform Monitoring Requirements. This rule requires that total coliform samples be 
collected by public water systems at sites representative of water quality throughout the 
distribution system according to a written sample site identification plan. Total coliform 
occurrence will continue to be investigated; however, it is no longer associated with an MCL. 
Emphasis will not be placed on the MCL for E. coli because it is a reliable indicator of fecal 
contamination. Monitoring changes were made that include reducing the number of repeat 
samples to collect after a routine coliform positive from four to three. 
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Potential Regulatory Changes 

Following is a list of regulations that may be enacted in the future: 

1. Lead and Copper Rule Improvements (LCRI). The LCRI is a new regulation to better protect 
communities from exposure to lead in drinking water. The EPA intends to promulgate the LCRI 
prior to October 16, 2024, which will require that all lead service lines be replaced as quickly as 
feasible. Water systems will be required to prepare and maintain an inventory of service line 
materials by October 16, 2024. 

2. Radon in Drinking Water Rule. This rule would attempt to reduce airborne and waterborne 
radon concentrations to limit exposure levels. This rule would apply to CWSs that use 
groundwater or mixed groundwater and surface water. The proposal is currently on hold, and 
the EPA has no timeline for publishing this rule.  

3. Fourth Contaminant Candidate List (CCL4) Regulatory Determinations. The CCL4 is currently in 
draft form. The EPA has made a preliminary determination to regulate strontium, which is 
currently still pending. Two new nominated contaminates, manganese and nonylphenol, have 
been added for the final publication.  

4. Carcinogenic Volatile Organic Chemicals (cVOC) Rule. The EPA is developing a proposed 
national primary drinking water regulation for a group of 16 known cancer-causing compounds, 
including eight currently regulated cVOCs and up to eight from the Third Contaminant Candidate 
List. 

5. Perchlorate Rule. The EPA is developing a proposed national primary drinking water regulation 
for perchlorate. Perchlorate may cause adverse health effects. Scientific research indicates this 
contaminant can disrupt the thyroid’s ability to produce hormones needed for normal growth 
and development.  

6. Hexavalent Chromium. The EPA currently regulates hexavalent chromium as part of the total 
chromium drinking water standard. New information on health effects has become available 
since the original standard was set, and the EPA is reviewing this information to determine 
whether new health risks need to be addressed. The State of California has already 
implemented a hexavalent chromium-specific MCL. 

7. Fluoridation. Fluoride MCLs may be lowered in the future as the health impacts of fluoride are 
fully realized. The current MCL of 4 parts per million could be reduced to 1 or less. This lower 
MCL could require systems with naturally occurring fluoride above the MCL to treat to reduce 
levels.  

8. Cybersecurity. Executive Order 13636: Improving Critical Infrastructure Cybersecurity was 
established in February 2013. The order calls for the development of a voluntary, risk-based 
cybersecurity framework. The EPA will evaluate whether any additional authority and/or 
regulations to address cybersecurity in the water sector are needed. 
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Regulatory Requirements Summary 

In summary, many regulations affect the operation of the City of Sisters’ water system. The City has 
good water quality with a well-run water system meeting federal and state water quality criteria. 
The City’s water quality testing history is documented on the DWS’s publicly available Drinking 
Water Data Online website. On their website, the DWS has noted that the City has not had any 
regulatory violations in the past five years. The City’s water system information as shown on the 
website is included in Appendix B. 

The information presented herein is intended to provide the City with a brief summary of the 
regulations and possible future regulations that will likely affect the operation of the City’s water 
system. These regulations continue to expand and will require careful attention to maintain 
compliance. It is recommended that the City consult periodically with the DWS to ensure 
compliance with current regulatory requirements and to address any regulatory questions or issues. 

Seismic Risk Assessment and Mitigation Plan 

To reduce risk and improve recovery for the next Cascadia earthquake and tsunami, the Oregon 
Resilience Plan (ORP) was developed in 2013 by the Oregon Seismic Safety Policy Advisory Commission. 
The goals of the ORP are to address critical infrastructure needed to supply water in the event of an 
emergency and identify projects that need to be completed in the next 50 years to ensure water can be 
supplied to a community in the event of a strong earthquake. Scientists have recognized the Cascadia 
subduction zone as an active fault that poses a major geological hazard to Oregon. The ORP addresses 
vulnerabilities of pipelines, treatment plants, water storage reservoirs, supply wells, and pump stations 
that compose Oregon’s water and wastewater systems and discusses the intervention required to 
increase the resilience of infrastructure in the event of a Cascadia earthquake.  

To assist in the goal of preparing communities, water systems that submit a WSMP to the DWS after 
January 10, 2018, are required to follow seismic assessment guidelines put forth by the DWS. CWSs with 
more than 300 connections must conduct a Seismic Risk Assessment and Mitigation Plan if any of their 
existing or proposed facilities are located in areas with moderate to very heavy damage potential as 
determined by the Oregon Department of Geology and Mineral Industries.  

According to the ORP, the City of Sisters is located in a region of light impact resulting from a simulated 
magnitude 9 Cascadia earthquake. Therefore, a Seismic Risk Assessment and Mitigation Plan was not 
conducted as part of this WSMP Update. 

Water System Sanitary Survey 

The Deschutes County Environmental Health Division conducts water system sanitary surveys of 
communities on behalf of the DWS to assist with identifying potential contamination sources that may 
impact water quality. These surveys are generally scheduled to occur every three to five years. 

The City of Sisters’ latest sanitary survey was conducted on July 26, 2022. The only noted deficiency was 
a gap between the steel plate and the concrete pedestal on Well No. 1. The City has corrected this 
deficiency and reported the correction to the Deschutes County environmental specialist. A copy of the 
full July 26, 2022, sanitary survey is included in Appendix C. 
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Water Demand 

Future water demands, for the purpose of identifying needed future water system improvements, can be 
estimated from past water use data and population projections. Water use data are usually expressed in 
terms of various rates of water used for various periods of time. This allows components of the water 
system to be sized for the maximum demands that will be placed on them. The rates of water use that are 
important in evaluating a water supply system are the average daily demand (ADD), which is the total 
amount of water used during a one-year period divided by 365 days; the maximum daily demand (MDD), 
which is the maximum total amount of water used during any 24-hour period; and the peak hourly or peak 
instantaneous demand, which is a measure of the maximum demand for water at any given time. 

Water supply facilities are normally designed to provide enough capacity to meet the MDD. As a general 
rule, a water supply pump would be sized to supply the needed water during the MDD without 
continuous 24-hour operation. For example, if the water usage during high demand summer months 
required a water supply pump to operate 21 hours or more per day to keep up with the MDD, the 
situation may warrant the addition of another water supply source to provide some backup capability to 
avoid over-stressing the pumping equipment. Booster pumps and distribution pipelines are generally 
sized to deliver peak instantaneous demands (or peak hourly demands [PHD]) because they must be 
capable of meeting the highest system demand. Storage reservoirs are sized to make up the difference 
between water supply capacity and peak water use rates, at a minimum. Additional capacity (reserve) is 
usually provided in water storage reservoirs for both emergencies and fire suppression, as discussed in  
Chapter 4. 

Per Capita Water Use 

To be utilized for projecting future water demands, past water use data must be converted to a per 
capita (per person) rate of use. This is done by dividing the average daily, peak daily, and peak 
instantaneous water use rates by the number of people being served by the water system. These 
water demand rates are expressed as gallons per capita day (gpcd). These values multiplied by a 
population projected for some future year can provide estimated total demand rates for that year, 
assuming water use characteristics do not significantly change. 

Historical Average Water Use 

To determine current water demands, production records for the City’s water supply system were 
reviewed from 2015 through 2020. Production volumes for Well No. 1 were reduced by 3.6 percent 
to account for a meter inaccuracy that was corrected in 2022. Production volumes for Well No. 4 
were not available during the study period of this WSMP Update. Charts 2-2 through 2-4 present the 
total monthly production for each of the City’s wells. It is important to note that the volume scale 
depicted on the left side of the charts has been adjusted based on the volume supplied by each well. 
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CHART 2-2   
WELL NO. 1 MONTHLY PRODUCTION 

 
 

CHART 2-3   
WELL NO. 2 MONTHLY PRODUCTION 

 

CHART 2-4   
WELL NO. 3 MONTHLY PRODUCTION 
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As shown in the charts, the majority of the City’s water supply is from Wells No. 1 and 3. Well No. 1 is 
primarily used for supply during winter months, while Well No. 3 is primarily used during summer 
months. Well No. 4, which was brought online in December 2021, is currently used for supply during 
periods of high demand and during transition periods in the spring and fall of each year. 

The combined monthly production from the City’s surface water source and wells is shown on Chart 2-5. 

CHART 2-5   
COMBINED WELL SOURCES MONTHLY PRODUCTION 

 

The total production records show typical patterns of high summer demand, increasing and decreasing 
spring and fall demand, respectively, and low winter demand. The data depicted on Chart 2-5 show that 
typical summer demands are generally more than 4.5 times higher at their peak than winter demand. 
This winter to summer variance, which is typical of many central and eastern Oregon cities, is likely due 
to the dry summers where City water is the only means of irrigation within city limits. The peak could 
also be magnified by the large influx of tourism during warm summer months. 

The highest water production month between January 2016 and December 2020 occurred in July 2020 
with 56.0 million gallons (MG) of water produced, or an average production rate of 1.81 million gallons 
per day (MGD). The lowest water production month occurred in February 2019 with 8.9 MG produced. 
Water production consistently falls to approximately 10.0 MG per month during winter months.  

The total annual production from all City water supply sources was further broken into a percentage 
supplied by each source between October 2016 and September 2021, as shown on Chart 2-6. It should 
be noted that the volumes presented on Chart 2-6 are for the water year as reported on the Oregon 
Water Resources Department water use reporting website, starting October 1 and ending  
September 30 (example: the 2016 water years begins October 1, 2015, and ends September 30, 2016). 
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CHART 2-6   
TOTAL ANNUAL WATER PRODUCTION 

 

As shown on Chart 2-6, total annual production for the five years analyzed has averaged approximately  
318 MG per year. The following annual production trends were noted: 
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TABLE 2-2   
AVERAGE DAILY DEMAND 

Year 
Total Production 

(MG) Population* 
ADD 

gpd gpm gpcd 
2016 279 2,390 763,368 530 319 
2017 294 2,540 804,225 558 317 
2018 327 2,725 894,704 621 328 
2019 278 2,985 762,985 530 256 

2020 334 3,220 913,842 635 284 

*Annual population data from PSU PRC. 
gpd = gallons per day 
gpm = gallons per minute 

The ADD for all customer water use for the years 2016 through 2020 was determined to be  
301 gpcd. Of this, approximately 60 percent has been calculated to be associated with residential 
water use. The remaining water demand is attributed to municipal, bulk water, irrigation, 
commercial businesses, and industry. Applying the ADD current year (2022) and planning year 
(2042) populations, the ADDs for these years are 1.035 MGD and 2.082 MGD, respectively. 

Maximum Daily Demands 

The MDD values presented on Table 2-3 represent the one day of the year with the highest daily 
production. MDDs usually occur during a particular day from June through September, which is 
when water use is normally at its greatest due to warmer weather and irrigation needs. Peak daily 
flows can occur in other months but normally occur during the hottest period of the year. Records of 
peak daily flows and the associated total production from January 2016 through December 2020 
were obtained from the City. The highest MDD from the period of January 2016 through December 
2020 occurred on August 5, 2020. A MDD peaking factor is the MDD divided by the ADD for a given 
year. The highest MDD peaking factor from the period of January 2016 through December 2020 
occurred on August 5, 2020, and was 3.00. Table 2-3 shows the peak daily use of each year from 
2016 through 2020 and its associated peaking factor. 

TABLE 2-3   
MAXIMUM DAILY DEMAND 

Year 
Day of 

Peak Flow 

Total Daily 
Production 

(MG) Population 
MDD 

(gpcd) 
ADD 

(gpcd) 

MDD  
Peaking Factor 

(PDD/ADD) 
2016 June 30 1.987 2,390 831 319 2.60 
2017 August 3 2.367 2,540 932 317 2.94 
2018 July 28 2.562 2,725 940 328 2.86 
2019 July 15 2.191 2,985 734 256 2.87 
2020 August 5 2.740 3,220 851 284 3.00 

The average MDD peaking factor for years 2016 through 2020 shown on Table 2-3 is 2.85. On a per 
capita basis, the MDD is 855 gpcd. Applying the average peaking factor to the ADD of the current 
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year (2022) and planning year (2042), the MDD for these years are 2.95 MGD and 5.93 MGD, 
respectively. 

Generally, a water supply system, at a minimum, needs to be able to supply water to meet the 
system’s MDD. In the City’s case, where water supply is taken from several wells, it is desirable to be 
able to meet the MDD with the largest source offline and other sources pumping a maximum of 
21 hours per day. This allows a three-hour rest period to provide the pumps adequate rest time 
between cycles and allows some recharge of the wells during the non-pumping period.  

Comparison of Water Demands 

The City’s ADD of 301 gpcd is higher than most other water systems in central and eastern Oregon. 
However, the 855 gpcd MDD is similar to several other communities in central and eastern Oregon. 
The higher ADD may be attributed to the City’s large commercial/industrial water users. Refer to 
Table 2-4 for a comparison of the City of Sisters’ demands compared to other central and eastern 
Oregon communities. Table 2-4 is sorted by ADD in ascending order.  

TABLE 2-4   
COMPARATIVE WATER USAGE TYPICAL FOR 

METERED WATER SYSTEMS IN CENTRAL AND EASTERN OREGON  

City 
ADD 

(gpcd) 
MDD 

(gpcd) 

Peak Factor 
(maximum 

daily) Population1 
Echo, Oregon 175 525 3.0 700 
Prineville, Oregon 176 405 2.3 8,889 
Ice Fountain Water District, Oregon 207 621 3.0 1,921 
Umatilla, Oregon 210 483 2.3 4,686 
Baker City, Oregon 227 834 3.7 10,035 
La Grande, Oregon 230 667 2.9 13,238 
Union, Oregon 230 890 3.9 2,121 
Vale, Oregon 250 625 2.5 1,890 
Hermiston, Oregon 250 600 2.4 17,730 
John Day, Oregon 270 865 3.2 2,010 
Boardman, Oregon2 275 960 3.5 3,445 
Stanfield, Oregon 275 660 2.4 2,130 
Enterprise, Oregon 284 582 2.0 1,940 
Irrigon, Oregon 290 800 2.8 1,790 
Ontario, Oregon3 296 533 1.8 11,485 
Milton-Freewater, Oregon 300 750 2.5 6,550 
Sisters, Oregon 301 855 2.9 3,220 
Hines, Oregon 350 1,600 4.6 1,700 
Ontario, Oregon4 515 840 1.6 11,485 

1Population estimates reflect the time period when demands were calculated. 
2Includes only City water use (does not include Port of Morrow). 
3Includes all users except Heinz. 
4Includes all users. 
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Description of Customers Served  

The City of Sisters’ water service accounts as of the end of 2020 are summarized on Table 2-5. These 
data were obtained from City staff and included water use data from January 2016 to  
September 2021. 

TABLE 2-5   
YEAR 2020 WATER ACCOUNT INFORMATION 

Account Type1 
2020 Number 
of Accounts2 

2020 Total 
Annual Use  

(MG) 

2020 Average Annual 
Use Per Account 

(gallons) 
Percentage of 

Total Water Use 
Residential Single-Family 1,445 154.3 106,785 55 
Residential Multi-Family 32 14.0 437,567 5 
Industrial/Commercial 231 63.0 272,547 23 
City-Owned 44 9.2 208,740 3 
Irrigation 45 36.6 812,867 13 
Other 23 3.0 130,245 1 

Total 1,820 280.1 - 100 
1 Account types were consolidated from City designations into general type. 
2 The number of accounts by account type was taken from December 2020 of the City-provided summary of 
Consumption by Size and Class, 2016 to 2021.  

As shown on Table 2-5, residential water use accounts for approximately 60 percent of the total 
water use in the City, while industrial and commercial water use accounts for approximately 
23 percent. Irrigation services, which account for 13 percent of the City’s water use, allow some 
developments to manage irrigation through a larger area, opposed to individual users being 
responsible for their own irrigation. 

For residential single-family water service accounts, which is also considered an equivalent dwelling 
unit (EDU), the average usage for years 2016 through 2020 is approximately 300 gallons per account 
per day. Using these data, the number of EDUs within the City in the current year and planning year 
is 3,448 and 6,940, respectively. It is noted that the total volume of water consumed is less than 
supplied for year 2020. The difference between supply and consumption is referred to as non-
revenue or unaccounted for water. Sources of non-revenue water include, but are not limited to, 
leaks, pumping to waste during well pump starts, unmetered usage by fire districts and/or the City, 
storage tank overflows, meter inaccuracies, and unauthorized use. Non-revenue water is discussed 
further in Chapter 5 

Peak Hourly Demand 

PHD is the highest water demand of the year during any 24-hour period and does not include fire 
demand. As hourly consumptive use data are not available for the City, the PHD was calculated using the 
Washington State Department of Health - Water System Design Manual (2020), equation 3-1. Using this 
method, the estimated PHD for the current year and planning year are 3,428 and 6,745 gpm, 
respectively. 
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Estimated Buildable Lands Capacity 

In recognizing the potential need to provide additional water service to undeveloped areas within the 
UGB, a comparison of a potential population increase associated with future developed land within the 
City’s UGB was undertaken. The 2019 City of Sisters Housing Needs Analysis prepared by Johnson 
Economics estimated that within the UGB there were a total of 835 potentially developable residential 
lots. Using an average persons per household of 2.4, this equates to a growth of approximately  
2,004 persons from 2019. In comparison with the population projections shown on Chart 2-1, the City 
could anticipate completing this full buildout within the UGB by year 2031, which is prior to the design 
year of 2042. 

It should be recognized that over the planning period of this WSMP Update, actual growth could exceed 
or fall below the projections presented on Chart 2-1 and discussed herein. 

Fire Demand 

Fire Protection Ratings 

Flow rates for fire suppression in residential, commercial, and industrial areas within developed 
communities are usually determined from the size, density, and occupancy of buildings, type of 
construction materials, and desired fire insurance rating. Incorporated cities and some rural areas 
are given a fire suppression rating by Insurance Services Office, Inc. (ISO). The rating is used by 
insurance companies to determine the cost for providing fire insurance to home and business 
owners. ISO’s fire suppression rating schedule is used to review those features of available public 
fire protection that have a significant influence on minimizing damage once a fire has begun. These 
features include the receiving and handling of fire alarms; the fire district’s manpower, equipment, 
and training; and the capability of the water system to provide the needed fire flows (NFF). 

ISO periodically evaluates fire suppression capabilities of incorporated cities and fire departments. 
The numerical ratings range from Class 1 down to Class 10, with Class 1 indicating the highest fire 
suppression capability and Class 10 the lowest. A Class 10 rating is reserved for unprotected areas 
that have no fire department and no water supply system. Most protected areas outside of cities 
have a Class 9 rating, and cities with fire departments serving communities with populations 
between 10,000 and 20,000 generally have class ratings between 4 and 6. The ISO rating for Sisters, 
based on the 2017 evaluation, is Class 3. It is recommended the City obtain an updated ISO 
evaluation and report if any large water system or fire department improvements have occurred, as 
this could result in an improved fire suppression rating.  

ISO’s fire suppression rating schedule evaluates a city’s fire department capabilities and the 
domestic water supply capacity on an approximately equal basis (50 percent and 40 percent of the 
rating schedule, respectively). To reduce the cost of fire insurance in a community, improvements 
usually must be made to the fire department, the water system, or both, depending on their present 
condition. It is difficult to determine possible fire insurance savings on commercial buildings because 
the insurance costs are determined by many other factors related to the type of occupancy and the 
type of building construction. 
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Needed Fire Flows 

ISO also recommends fire flows for various conditions in both residential and commercial settings. 
NFF for residential areas are set forth in the 2012 ISO Fire Suppression Rating Schedule and shown 
on Table 2-6, below. 

TABLE 2-6   
INSURANCE SERVICES OFFICE, INC., 
NEEDED RESIDENTIAL FIRE FLOWS 

Distance Between Buildings Needed Fire Flows 
More than 30 feet 500 gpm 

21 to 30 feet 750 gpm 
11 to 20 feet 1,000 gpm 

10 feet or less 1,500 gpm 

Needed fire flows for commercial buildings are based on many factors including building size, 
construction materials used, and what is housed in the building. 

The Oregon Fire Code (OFC) requires a minimum flow of 1,000 gpm in residential areas and a 
minimum of 1,500 gpm for a minimum of two hours in all other occupancies. These requirements 
increase with square footage of the building and can be quite large for commercial and institutional 
buildings (schools). These fire flows must be maintained with a system-wide minimum of 20 pounds 
per square inch residual pressure. Attaining the required fire flow for commercial areas may not be 
realistically achievable. The OFC has an allowance for decreases in fire flow for small communities (if 
approved by the local fire chief), where development of full fire flow is impractical. 

ISO reports typically include a Hydrant Flow Data Summary that recommends NFF protection rates 
for both residential and commercial districts to receive full credit ratings. ISO does not consider NFFs 
over 3,500 gpm in determining the public protection classification for cities. Specific properties with 
an NFF in excess of 3,500 gpm are evaluated separately and assigned an individual public protection 
classification. Based on discussions with the City Public Works Department and City engineers, the 
following fire flow design criterion for this WSMP Update was developed: 

 Public facility zones: 2,500 gpm for two hours 

 Commercial and industrial areas: 2,000 gpm for two hours 

 Residential zones: 1,500 gpm for two hours 

As discussed further in Chapters 4 and 5, the NFF of 2,500 gpm for two hours was used to evaluate 
existing and future water storage requirements, while flows ranging from 1,500 gpm to 2,500 gpm 
were applied within specific land use zones to evaluate the distribution system’s ability to deliver 
such flows to those zones. 

Design Criteria 

In establishing design standards for a water system, primary consideration must be given to state and 
federal rules and regulations governing water quality and construction standards for water systems. 
These regulations are set by both the EPA and the DWS. In addition to public health and safety 
requirements, many other factors control the design parameters for municipal water systems. The City 
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must evaluate factors such as financial feasibility, philosophy and policies of the City Council, past 
system performance and service, and expectations of the water users. All these factors are important 
and influence the standards by which water system improvements are made.  

Figure 2-1 presents a summary of the water system design criteria developed based on the population 
projections from the PRC and historical per capita demands through the study period. These criteria 
have been used to evaluate the existing water system and develop potential improvement options to 
satisfy present and future water system needs. Application of these criteria is discussed further in the 
specific chapters that address the water supply, storage, and distribution system facilities. Figure 2-1 
presents design criteria based on a service population in 2022 of 3,437, and the corresponding 
calculated ADD, MDD, and PHD plus NFF. Design criteria are also shown for the design year 2042 with a 
population of 6,917. The design criteria presented on Figure 2-1 are used as base information in later 
chapters for evaluating existing and future system needs and capacity. 
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Chapter 3 - Water Supply and Treatment 
This chapter includes a description of the City of Sisters’ current water supply and treatment system and 
a discussion of its capacity to meet present and future needs. Alternatives for addressing deficiencies 
within the present system and for meeting future needs are outlined herein. Water rights, well water 
levels, and water supply quality are also discussed in this chapter. Cost estimates for potential viable 
water supply alternatives are discussed herein and summarized in Chapter 6.  

Water Supply Sources and Treatment 

Currently, the City of Sisters’ water supply comes from one groundwater source in the Upper Deschutes 
Basin and is supplied by four wells. The locations of the City’s production wells are shown on Figures 1-1 
and 1-2 in Chapter 1. A description of each water supply source and the treatment process used for each 
source is discussed herein. Ground-Water Hydrology of the Upper Deschutes Basin, Oregon, prepared by 
the U.S. Department of the Interior and the U.S. Geological Survey (USGS) in 2001, was referenced for 
background water supply information. 

Although the City also holds surface water rights for the use of water from Pole Creek and Whychus 
Creek, surface water is not currently used as a source for the City’s municipal water supply system. The 
City does not have any interconnections with other municipal water supply systems. 

Regional Aquifer System 

The City’s wells produce water from a volcanic and sedimentary rock aquifer, which is likely 
correlative to the Deschutes Formation. Groundwater flow direction in the region is generally to the 
northeast, driven by a groundwater hydraulic gradient fed by rainfall and snowmelt recharge 
originating in the Cascade Range from the southwest and smaller amounts locally. The aquifer’s 
composition of volcanic rock consists primarily of Pliocene and younger basaltic rocks, as well as 
unconsolidated volcanic deposits including ash and cinders. The permeability of the various rock 
types is variable and may include interflow zones and faults in basaltic lava flows. 

In 1998, USGS completed a study demonstrating that existing and new uses of groundwater in the 
Deschutes Basin Study Area impact the flows in the Lower Deschutes River Scenic Waterway. As a 
result, the Oregon Water Resources Department (OWRD) developed the Deschutes Basin 
Groundwater Mitigation Program in 2002, and any groundwater permits issued after 2022 have 
required the City to provide mitigation to offset the effects of groundwater pumping on surface 
water. The City holds one permit, G-16794, which requires mitigation in the Whychus Creek Zone of 
Impact. 

Mitigation for new groundwater uses is provided by completing mitigation projects that result in 
water being legally protected in-stream, such as a permanent in-stream water rights transfer. To 
meet the mitigation obligation for a new groundwater permit, the applicant can either complete 
their own mitigation project or obtain mitigation credits from a mitigation bank or other credit 
holder that has already completed a project. Historically, the City has established mitigation credits  
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via in-stream transfer of its existing municipal water rights in the Pole Creek watershed and by 
cancellation or in-stream transfer of water rights for the Lazy Z Ranch. Generally, each acre-foot (AF) 
of water legally protected in-stream equals one mitigation credit. 

Groundwater Supply 

Currently, the City utilizes four wells for all of its production. The four City wells are constructed in 
unconfined volcanic and sedimentary rock aquifers. Well No. 4 was brought online in December 
2021, and a reference static water surface level for Well No. 4 has not yet been established. General 
information for each well is summarized on Table 3-1.  

TABLE 3-1   
WELL INFORMATION1 

Parameter/Well No. 1 No. 2 No. 3 No. 4 
Date Drilled 1975 1991 2007 2021 
Depth, feet 211 302 293 293 
Static Water Level1, feet BGS 85 101 73 77 
Pumping Water Level1, feet BGS 90 101 79 90 
Drawdown, feet 5 0.3 6 13 
Reported Sustainable Withdrawal Rate1, gpm 1,315 1,200 2,500 1,970 
Specific Capacity2, gpm/ft 260 4,000 415 150 
Pump Type LST LST LST LST 
Installed Hp 75 75 150 150 
Pump Setting (feet BGS) 150 158 150 160 
Reference Static WSL (feet BGS) 107 118 73 N/A 

1As reported on the OWRD Well Driller Report. 
2Capacity is a measure of the well production per foot of water drawdown in the well while pumping. 
BGS = below ground surface 
gpm = gallons per minute 
gpm/ft = gallons per minute per foot 
Hp = horsepower 
LST = line shaft turbine 
N/A = not available 
WSL = water surface level 
Data Source: OWRD Well Report Query, State of Oregon Water Supply Well Report 

Each wellhead is enclosed within mechanical buildings at each site and equipped with a human 
machine interface, programmable logic controller, and radio telemetry units and antenna. The 
transmission of information between each source and the City’s supervisory control and data 
acquisition (SCADA) master station located in the wastewater operations building allows operators 
to monitor and control well pump operations remotely from the master computer. Operators can 
use mobile devices to monitor pump operations remotely. 

A brief description of each well and installed equipment currently being used by the City to supply 
drinking water is presented hereafter. Well construction information was obtained from OWRD well 
logs. More information about each well obtained from the OWRD and City records can be found in 
Appendix D.  
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Well No. 1 

Well No. 1 is located approximately 0.5 mile south of U.S. Route 20 off Three Creeks Road. The 
well was constructed in 1975 to a depth of 211 feet. A 14-inch casing is present from 2 feet 
above ground surface to 100 feet BGS, a 12-inch diameter casing is present from 25 feet BGS to 
111 feet BGS, and a 10-inch casing is present from ground surface to 195.6 feet BGS. 
Perforations in the casing begin at 50 feet BGS and are 1/4-inch by 6-inch and 1/4-inch by 2-inch 
in size. The well was sealed with cement and bentonite from the ground surface to 40 feet BGS. 
The original well test reported a yield of 1,315 gpm and a drawdown of 5.25 feet. 

Well No. 1 Equipment and Enclosure 

Well No. 1 is equipped with a 75-Hp LST pump set at approximately 150 feet BGS, a 
propeller-type flowmeter, a pump-to-waste valve and piping arrangement, and chlorine 
injection line. The pump motor was rebuilt most recently in 2011, at which time the pump 
was also replaced. A soft starter was installed in 1995, which can be operated remotely via 
the SCADA system. The concrete masonry unit (CMU) wellhouse was constructed in 1976. 
The building needs to be rebuilt, lacks adequate space for current electrical installations, 
and is not adequately ventilated. The building has a separate chlorine gas room. Both rooms 
are spatially constrained, which hinders major maintenance activities. A Detroit Diesel  
125-kilowatt (kW) diesel-fueled standby power generator set was installed circa 2005 with a 
subbase fuel storage of 100 gallons. The City maintains a full 700-gallon fuel trailer that can 
be used to refill generators in a sustained outage situation.  

Well No. 2 

Well No. 2 is located near Sisters Middle School at the intersection of McKinney Butte Road and 
North Freemont Street. The well was constructed in 1991 to a depth of 302 feet. An 18-inch 
diameter casing is present from 1 foot above ground surface to 39 feet BGS. Inside the 18-inch 
casing is a 14-inch diameter liner present from 1.5 feet above ground surface to 244 feet BGS. 
Within the 14-inch diameter liner is a 10-inch diameter liner present from 238 feet to  
302 feet BGS. Perforations in the casing are located from 242 feet to 302 feet BGS and are  
1/8-inch by 3-inch. The well casing is sealed with cement from the ground surface to 39 feet 
BGS. The original well was reported to have a yield of 1,200 gpm with 0.3 foot of water level 
drawdown. 

Well No. 2 Equipment and Enclosure 

Well No. 2 is equipped with a 75 Hp LST pump set at approximately 160 feet BGS, a propeller-
type flowmeter, a deep well pump control valve, a pump-to-waste valve and piping 
arrangement, and chlorine injection line. The pump motor was rebuilt in 2011. The CMU 
wellhouse was constructed in 1992 with two rooms and is generally in good condition. One 
room houses the piping, valving, metering, and electrical controls. The other room houses an 
on-site sodium hypochlorite generation system. Electrical equipment includes a soft starter 
and radio-controlled telemetry system that allows remote operation. The electrical controls 
were replaced in 1995. A Detroit Diesel 125 kW diesel-fueled standby power generator set 
was installed circa 2005 with a subbase fuel storage of 100 gallons. 
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Well No. 3 

Well No. 3 is located southwest of the Sisters Eagle Airport at the intersection of Sun Ranch 
Drive and West Heising Drive. The well was constructed in 2007 to a depth of 293 feet. A 16-inch 
diameter steel casing is present from 2 feet above ground surface to 195 feet BGS. A 14-inch 
stainless steel wire wrap screen is present from 188 feet to 268 feet BGS followed by a 14-inch 
diameter steel liner from 268 feet to 283 feet BGS. The well casing is sealed with cement from 
ground surface to 130 feet BGS, followed by bentonite chips from 130 feet to 170 feet BGS, 
followed by cement from 170 to 195 BGS. The original well yield is reported to be 2,500 gpm 
with 6 feet of water level drawdown.  

Well No. 3 Equipment and Enclosure 

Well No. 3 is equipped with a 150 Hp LST pump set at approximately 150 feet BGS, an 
electromagnetic flowmeter, a deep well pump control valve, a pump-to-waste valve and 
piping arrangement, a check valve, an air release valve, a sample tap, and a chlorine 
injection line. The CMU wellhouse was constructed in 2007 with a single room that houses 
the piping, valving, metering, electrical controls, and an on-site sodium hypochlorite 
generation system. Electrical equipment consists of a soft starter, well level monitoring 
system, and radio-controlled telemetry system that allows remote operation. Disinfection is 
provided with a 0.8 percent hypochlorite solution generated on site by an Evoqua OSEC 
system, injected into the discharge manifold with one of two Grundfos chemical metering 
pumps. Well No. 3 does not have backup power. 

Well No. 4 

Well No. 4 is located off Locust Street within the Sisters Creekside Campground near the east 
entrance. The well was constructed in 2021 to a depth of 293 feet. A 16-inch diameter steel 
casing was installed 4 feet above ground surface to 200 feet BGS. A 12-inch diameter continuous 
wire wrap stainless steel screen was installed from 190 to 290 feet BGS, followed by a 12-inch 
diameter steel sump from 290 to 293 feet BGS. The well casing is sealed with bentonite chips 
from ground surface to 115 feet BGS and cement with 5 percent bentonite chips from 115 to 
137 BGS. The original well yield was reported to be 1,970 gpm with 13 feet of water level 
drawdown. 

Well No. 4 Equipment and Enclosure 

Well No. 4 is equipped with a 150-Hp LST pump set at approximately 160 feet BGS, an 
electromagnetic flowmeter, a deep well pump control valve, a pump-to-waste valve and 
piping arrangement, a check valve, an air release valve, a sample tap, and a chlorine 
injection line. The CMU wellhouse was constructed in 2021 with a single room that houses 
all components and equipment other than the generator set. Electrical equipment includes 
a VFD, well level monitoring system, and radio-controlled telemetry system that allows 
remote operation. A Kohler 250 kW diesel-fueled standby power generator set was installed 
in 2021 with a subbase fuel storage of 500 gallons. 
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Water Levels in Wells 

Periodical monitoring of well water levels provides the ability to determine if any trends show 
decreased capability of an aquifer or a specific well to provide the desired water flow. The City 
measures and reports well water levels every year and has a robust water level dataset. The City has 
recorded water levels in the recently constructed Well No. 4, but available water level data are 
limited.  

Groundwater recharge is primarily affected by annual precipitation in the Cascade Range to the 
west on the eastern slopes of the Cascade Range. Snowmelt and rain percolate down to the water 
table, where it then flows down the hydraulic gradient to the north and east toward the Deschutes 
River. Groundwater level monitoring data on four wells near the region of the City show varying 
levels that correlate with climate trends with an observable lag of a few years. Groundwater level 
data from OWRD Observation Well DESC 3016, which is located in the City, documents the typical 
water level fluctuations over time in the City's vicinity. The City’s wells water level fluctuations all 
correlate with the trend recorded by Observation Well DESC 3016. Groundwater levels have been 
declining since approximately 2015; however, the current levels are near or above those measured 
in 1996. Currently, only Well No. 2 has a water level lower than that measured during the original 
well construction. 

A summary of historic water levels and associated trends in each City well is graphically presented 
for Wells No. 1, 2, and 3 on Charts 3-1, 3-2, and 3-3, respectively. During the preparation of this 
Water System Master Plan (WSMP) Update, Well No. 4 had only two years of limited documented 
water level measurements, which is too short of a duration to evaluate long-term trends. The well 
reference elevation (Ref El.) refers to the level of which any water level decline will be compared. A 
static water surface level decline of 25 feet or more below the reference elevation requires action 
by the City, including discontinued or reduced use of the source until the water level recovers. 
Currently, no City wells have static water levels that are more than 25 feet below the reference 
levels. 
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CHART 3-1  
WELL NO. 1 - DESC 3023 AND STATE OBSERVATION WELL WATER LEVEL HYDROGRAPH 

CHART 3-2  
WELL NO. 2 - DESC 1034 AND STATE OBSERVATION WELL WATER LEVEL HYDROGRAPH 
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CHART 3-3   
WELL NO. 3 - DESC 57902 AND STATE OBSERVATION WELL WATER LEVEL HYDROGRAPH 

 

Well Operations and Rotation 

Currently, the City rotates use of their wells throughout the year to alleviate pressure on any single 
well. Well No. 1 is typically used year-round, with higher use during winter months and lower use 
during summer months. From 2015 to 2020, Well No. 1 supplied approximately 30 percent of the 
total water used. Well No. 2 is typically used most of the year with the exception of the coldest 
winter months. The highest demand on Well No. 2 is typically during mid-summer. From 2015 to 
2020, Well No. 2 supplied approximately 12 percent of the total water used. Well No. 3 is primarily 
used from May to October of each year and supplies the majority of the water used during these 
months. From November to April of each year, Well No. 3 is generally not used. From 2015 to 2020, 
Well No. 3 supplied approximately 58 percent of the total water used. 

All City wells currently in operation have experienced some level of operational changes from 2015 
to 2020. The static WSL of Well No. 1 has remained relatively constant since 2012 and is currently 
higher than the static WSL measured during construction. The static WSL of Well No. 2 has 
experienced a minor increase since 2012 and is currently slightly lower than the static WSL 
measured during construction. Well No. 3 experienced an increase in static WSL after construction 
from 2007 to 2013. Since 2013, the static WSL of Well No. 3 has been gradually decreasing. The City 
is planning to use Well No. 4 primarily during periods of high demand and for supplemental water 
during the spring and fall. 
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Water Rights 

The City of Sisters holds several municipal and irrigation water rights issued by the State of Oregon for 
its groundwater sources and surface water sources. The City’s existing municipal and irrigation water 
rights certificates and permits are summarized on Table 3-2. Copies of the City’s water rights permits, 
certificates, and transfers are presented in Appendix E.  

TABLE 3-2   
WATER RIGHTS INFORMATION 

Point of 
Appropriation/

Diversion 
Application/ 
Permit No. 

Certificate 
No. Priority Date Transfers 

Maximum 
Authorized Rate 
Flow 
(cfs) 

Flow 
(gpm) 

Municipal Groundwater Rights  
Well No. 1 
Well No. 3 G-10545/G-9979 88184 2/24/1983 T-11284 

(complete) 1.78 799 

Well No. 3 G-12591/ 
G-11418 87247 6/25/1991 T-10766 

(complete) 1.78 799 

Well No. 2 
(Adding Well 
No. 3 under 

review) 
(Adding Well 
No. 4 under 

review) 

G-12591/ 
G-11418 93889 6/25/1991 T-138401 (under 

review) 1.56 700 

Well No. 1 
Well No. 2 
Well No. 3 
Well No. 4 

G-17058/ 
G-16794 - 

5/27/2008 
(Completion 

Date: 9/9/30) 
- 2.002 8982 

Well No. 4 G-14486/ 
G-18270 

COBU 
Submitted 
May 2022 

3/27/1997 T-12767 
(approved) 2.15 965 

Total Municipal Groundwater Allocation 9.27 4,161 
Municipal Surface Water Rights  
Whychus Creek S-5551/S-3384 3227 5/18/1917 IL-1243 1.5 673 
Whychus Creek S-12560/S-8906 10028 2/11/1929 IL-1243 0.2 90 
Whychus Creek S-16404/S-12597 13501 4/7/1937 IL-1243 1.25 561 
Whychus Creek S-17149/S-12869 13509 11/1/1937 IL-1243 1.25 561 

Pole Creek S-44263/S-32854 65091 11/17/1967 IL-1243 1.45 651 
Total Municipal Surface Water Allocation 5.65 2,536 

Primary Irrigation Water Rights 

Whychus Creek - 93680 1880 T-11318 
(complete) 2.028 910 

Whychus Creek - 93681 12/31/1881 T-11318 
(complete) 0.554 249 

Whychus Creek - 93683 1886 T-11318 
(complete) 0.109 49 

Total Primary Irrigation Water Allocation 2.691 1,208 
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Point of 
Appropriation/

Diversion 
Application/ 
Permit No. 

Certificate 
No. Priority Date Transfers 

Maximum 
Authorized Rate 
Flow 
(cfs) 

Flow 
(gpm) 

Supplemental Irrigation Water Rights 

A Well G-8548/G-8148 82875 11/25/1977 T-8902 
(remaining) 0.110 49 

Three Wells G-3489/G-3095 87347 5/13/1966 T-11201 
(remaining) 0.1573 703 

A Well G-3489/G-3095 85254 5/13/1966 T-8900 
(remaining) 0.2463 1103 

Four Wells G-5295/G-4841 91703 8/25/1970 T-12188 
(remaining) 0.1083 483 

Total Supplemental Irrigation Water Allocation 0.621 277 
Surface Water Storage Rights 

Point of 
Diversion 

Application/ 
Permit No. 

Certificate 
No. Priority Date Transfers 

Allocation 
AF MG 

Pole Creek R-43919/R-5054 65090 8/10/1967 IL-1243 6.3 2.05 
Total Municipal Surface Water Storage 6.3 2.05 

1 Transfer application T-13840 was submitted October 6, 2021, requesting to add Wells No. 3 and 4 as authorized 
points of appropriation to Certificate No. 93889. The transfer application is under review. 

2 Appropriation of water for Permit G-16794 is further limited to no more than 604.6 AF per year. 
3 One-eightieths of one cfs, or its equivalent for each acre irrigated, and shall be further limited to a diversion of 
not to exceed 3.0 AF for each acre irrigated during the irrigation season of each year. 

cfs = cubic feet per second 
COBU = Claim of Beneficial Use 
MG = million gallons 

The existing water rights authorize the City to instantaneously withdraw a total of 9.27 cfs, or 
approximately 4,161 gpm, for municipal use. The City also holds surface water rights authorizing the use 
of up to 5.65 cfs (2,536 gpm) from the Pole Creek and Whychus Creek watersheds for municipal use. The 
City’s surface water rights are not currently in use and are currently leased in-stream. 

The City also holds surface water irrigation rights for Whychus Creek, for which water is delivered via the 
Three Sisters Irrigation District. A portion of the rights is leased in-stream while a portion is used for 
irrigation on the City’s Lazy Z Ranch property. Groundwater rights authorizing the use of water for 
supplemental irrigation on the Lazy Z Ranch property are not currently in use. 

Municipal Groundwater Water Rights 

The City’s groundwater rights authorize the City to withdraw a total of 9.27 cfs or approximately  
4,161 gpm. Permit G-16794, which authorizes the use of up to 2.0 cfs, is further limited to 604.6 AF 
per year. Additionally, the permit requires a total of 241.8 mitigation credits to fully exercise the 
annual withdrawal rate. To date, 88.4 mitigation credits have been provided, authorizing the use of 
up to 221 AF of water per year under Permit G-16794. 
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Municipal Surface Water Rights 

The City has multiple municipal surface water rights. The allocations associated with the City’s 
surface rights provide the City with the ability to withdraw a total of 5.65 cfs from various surface 
water sources in the Pole Creek and Whychus Creek watersheds. Due to the high cost of water 
treatment requirements and low summer streamflow in Whychus Creek, the City is unlikely to use 
surface water for future municipal use. These surface water rights are currently leased in-stream.  

Summary of Water Rights Transfers 

Several water rights transfers have occurred over the years, changing the point of appropriation, 
place of use, or character of use authorized under an existing water right. The City’s only transfer 
under review is a transfer application to change the points of appropriation under Certificate 93889. 

Greenlight Water 

The OWRD has developed the Municipal Water Management and Conservation Planning program, 
which provides a process for municipal water suppliers to develop plans to meet future water 
needs. To obtain long-term permit extensions, the City of Sisters is required to prepare plans that 
demonstrate the community’s need for increased diversions of water under the permits as their 
demands grow. Restricting diversion rates until the City can prove their need for additional water is 
known as “greenlight water.” This program affects Permit G-16794, which allocates 2.0 cfs of 
instantaneous withdrawal, further limited to 604.6 AF per year. Permit G-16794 requires a total of 
241.8 AF of mitigation water within the Whychus Creek Zone of Impact be provided to exercise the 
maximum permitted annual withdrawal rate. The maximum instantaneous withdrawal rate of  
2.0 cfs is permitted regardless of the amount of mitigation provided. The total volume withdrawn 
each year is limited by the amount of mitigation provided. The City must submit an annual 
Incremental Development Plan to the OWRD as required by the permit’s conditions. The permit 
requires the permittee submit a Water Management and Conservation Plan (WMCP) within five 
years of permit issuance; the WMCP was submitted February 1, 2011. This was followed by a WMCP 
progress report. Permit G-16794 also requires that the permittee provide mitigation prior to each 
stage of development under the permit in accordance with an Incremental Development Plan. The 
City submitted a WMCP Update in April 2017. A progress report was due no later than April 27, 
2022. An updated WMCP is due no later than October 30, 2026. To date, the City has provided  
88.4 mitigation credits for Permit G-16794, allowing a maximum withdrawal rate of 221 AF per year. 

Source Capacity Assessment 

For the purposes of this WSMP Update, the ability of the City’s existing sources, in their current 
configuration, to meet current and projected peak daily flows with existing capacity and water rights 
was evaluated. Demands in this section are based on historical water usage and projected future water 
demand as presented in Chapter 2. 

The pumping capacities shown on Table 3-3 were provided by the City and are used to assess current 
source production from the City’s supply sources. The pumping capacities shown are less than the 
sustainable well withdraw rates determined during initial well yield tests following construction of each 
well, as shown on Table 3-1. Pumping capacity could be increased in the future with the installation of 
larger capacity pumps, but careful attention to production volumes would need to be provided to 
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ensure the City does not exceed the maximum permissible flow rates allowed by their water rights 
permits and certificates. Currently, the maximum combined operational pumping capacity of the City’s 
existing wells is greater than the maximum municipal groundwater allocation of 4,161 gpm.  

TABLE 3-3   
CURRENT WATER SUPPLY OPERATIONAL CAPACITY 

Water Supply 
Source 

Installed Pump 
(Hp) 

Pumping Capacity 
(gpm) 

Well No. 1 75 800 
Well No. 2 75 750 
Well No. 3 150 1,550 
Well No. 4 150 1,500 

Total 4,600 

The hours of operation for each supply source currently used in the system may vary, but it is 
recommended that sources do not operate for more than 21 hours per day. The source production 
values for the wells listed above are considered to be the City’s current sustainable well production 
flows.  

Source capacity with respect to water rights was assessed with only certificated and permitted water 
rights. Evaluations of the City’s source capacity and water rights compared to the current and projected 
water demand are shown on Table 3-4. 

TABLE 3-4   
SOURCE CAPACITY EVALUATION 

Parameter/Year 2022 2042 
Water Demand 
Average Daily Demand (ADD), million gallons per day (MGD) 1.0 2.1 
Maximum Daily Demand (MDD), MGD 2.8 5.9 
Source Capacity - All Wells Online 
All Current Well Production Sources, gpm 4,600 4,600 
Well Production Capacity1, MGD 5.8 5.8 

Sustainable Total Supply Capacity Compared to MDD1, MGD 2.9 -0.1 
Source Capacity - Wells No. 1, 2, and 42 

Groundwater Source Production, gpm 3,050 3,050 
Current Surface Water Capacity1,2, MGD 3.8 3.8 

Sustainable Total Supply Capacity Compared to MDD1,2, MGD 1.0 -2.1 
Groundwater Water Rights 
Groundwater Right Allocation3, gpm 4,161 4,161 
Groundwater Right Allocation3, MGD 6.0 6.0 

Total Supply Water Right Permit Capacity Compared to MDD, MGD 3.2 0.1 
1Twenty-one hours per day supply source operation. 
2Excludes Well No. 3 for evaluation of source capacity with the largest source offline. 
3Maximum permissible combination of water right withdrawal rates. 

The City entirely relies on groundwater supply to meet customer demands. No surface water rights are 
currently, or planned to be, utilized by the City for municipal water supply and, therefore, are negated 
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from this analysis. Well No. 3 is the City’s largest producing source in addition to being the only well that is 
not equipped with emergency backup power. The City’s design source capacity should assume either 
utility power is down or the largest producing source is offline, and the remaining sources are allowed to 
operate for only a maximum of 21 hours per day. Both scenarios should consider Well No. 3 to be offline.  

Assuming all sources are online and each well pump is allowed to operate for no more than 21 hours per 
day, the source capacity is adequate to supply the City’s current demand and deficient by approximately 
0.1 MGD to supply the City’s projected MDD through the planning year 2042. Assuming Well No. 3 is 
offline and each well pump is allowed to operate for no more than 21 hours per day, the remaining 
source capacity is deficient by approximately 2.1 MGD to supply the City’s projected MDD through the 
planning year 2042. 

The City’s existing allocated groundwater right withdrawal rates are adequate to supply the projected 
MDD through the planning year 2042. However, the City’s total source capacity with all wells running at 
full speed is greater than the combined permissible groundwater withdrawal rate of 4,161 gpm. Assuming 
the VFD motor control was utilized on Well No. 4 to reduce the pumping rate to 1,061 gpm, the City could 
exercise the total combined groundwater withdrawal rate of 4,161 gpm. Ideally, the City would be able to 
exercise the full water right allocation with the largest producing source offline and rotation of the 
remaining wells such that no well was required to operate for more than 21 hours per day. 

To supply the MDD through the planning year with the adopted design source capacity, either a new 
source will need to be added to the system, or the capacities of Wells No. 1 and/or 2 would need to be 
increased. The additional source will need to add a yield of approximately 1,670 gpm (2.1 MG per 
21 hours) for the City to exercise the full water right allocation with the largest source offline and 21 hours 
of operation per day. No new water rights will be needed for the additional source, but the new sources 
will need to be added to the existing certificates and permit as an additional point of appropriation. 
Assuming the City’s growth rate coincides with the Population Research Center-published values and no 
other changes to average consumption are made, the City’s MDD is anticipated to exceed the design 
source supply in year 2028. When peak demands exceed available source supply, the difference must be 
supplied by water storage facilities. Under these circumstances, the ability of storage to accommodate 
peak demand periods above the available source supply must be carefully evaluated. Refer to Chapter 4 
for a discussion on proposed storage and resulting dates for necessary improvements. 

Water Conservation 

Although it does not impact system capacity, water conservation can create water savings and reduction in 
water demand that can eliminate or delay the need for developing new water sources or treatment plants. 
The City has implemented a number of conservation measures, as outlined in the City’s 2017 WMCP 
prepared by GSI Water Solutions, Inc. Water conservation can be achieved by educating the public on 
irrigation best practices, restricting irrigation to specific hours or days, and implementing a leak detection 
program. Leaks can contribute to non-revenue water, which are quantities of water either lost between 
the points of source and delivery or unmetered and unpaid for water used. Based on the volumes of water 
produced and billed as stated in the 2017 WMCP, the total apparent non-revenue water within the system 
was approximately 15 percent during the five-year period from 2010 to 2015. Refer to Chapter 5 for 
further discussion on unaccounted for water.  
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The City has employed several basic conservation programs, including annual water audits, system-wide 
radio read metering, a unit-based water rate structure, leak detection and repair, and public education 
processes.  

Water Supply and Treatment Deficiencies 

Recommended Fire Flow 

The City’s ability to provide recommended fire flow depends on supply from supplemental well 
sources. The City’s water reservoir is unable to provide the needed fire flows (NFF) with all sources 
offline, as the transmission line is incapable of delivering the required flow alone. In general, with 
three sources online, adequate fire flow can be delivered throughout the system other than in a few 
localized regions that are slightly deficient. Various improvement alternatives and/or combinations 
of alternatives could resolve this deficiency, including adding an additional source, increasing the 
water reservoir transmission line capacity, or a combination of both. 

Maximum Daily Demand 

Assuming the largest source is offline, the ability to supply the projected MDD in year 2042 is 
deficient by approximately 2.1 MGD. Adding emergency backup power to Well No. 3 would 
decrease the risk of experiencing such a situation; however, the scenario should still be considered 
due to other risks that could result in a lost source, such as equipment failure, maintenance, 
contamination, etc. An additional source with a capacity of 1,670 gpm would allow the City to 
exercise their full water right withdrawal rate with the largest source offline and the remaining 
sources operating no more than 21 hours per day. Increasing the capacity of either Well No. 1 or 2 
would give the ability to provide the MDD up to but not long beyond the planning year. 

Any new source should have adequate emergency backup power. Adding a new source would 
require that a transfer application adding the additional point of appropriation to the City’s various 
other water rights certificates and permits, or new water right permit, be approved by the OWRD. 

Well No. 1 Mechanical Building 

The Well No. 1 mechanical building is showing significant signs of deterioration due to age. 
Additionally, both rooms are undersized and spatially constrained. Due to the increased price of 
chlorine gas, unreliable supply of chlorine gas and sodium hypochlorite, and safety concerns 
associated with the existing chlorine gas disinfection system, the City is considering switching to on-
site generation of sodium hypochlorite for drinking water disinfection. Neither the existing chlorine 
gas room or wellhead mechanical room has adequate space to accommodate the installation of new 
systems. Therefore, the City is considering replacing the structure entirely to provide adequate 
space for the installation of new electrical equipment. 

Well No. 3 Electrical, Instrumentation, and Controls 

Currently, Well No. 3 is equipped with a soft starter and does not have standby power. While providing 
backup power and a VFD is not required, doing so will increase the source’s reliability and operational 
flexibility. Standby power will reduce the risk of losing the source during utility outages. Replacing the 
soft starter with a VFD would allow the City to maintain distribution system pressure while taking the 
water storage reservoir and/or transmission line offline for maintenance or replacement. 
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Water Supply and Treatment Considerations 

The City of Sisters’ existing water supply and treatment systems currently meet residential, commercial, 
and industrial water demands. The City currently relies on supplemental well water in conjunction with 
available storage to provide NFF. As the City continues to grow, the increase in demand will reduce the 
amount of well water available to supplement NFF. If no additional source capacity is added to the 
system, the increase in demand from continued growth will reduce available fire flows during peak 
demand periods. Options to avoid this deficiency include increasing well pumping capacities and/or the 
construction of a new well. However, these improvements may not be necessary if other improvements, 
such as the installation of new and/or upsizing water supply lines, are made. 

According to the Oregon Water Resources memo, “Response to Technical Assistance Request: 
Groundwater Mitigation Program - Purpose in Relation to Observed Groundwater Level Trends,” the City 
of Sisters is located in an area in which groundwater levels trend with climate. The primary source of the 
local groundwater level and hydraulic gradient (flow direction) is groundwater recharge on the eastern 
slopes of the Cascade Range from rainfall and snowmelt. Existing aquifer levels are shown to change 
with time in response to local and mountain precipitation and, in general, are currently higher than 
when groundwater level recording began. While long-term climate predictions may not be adequately 
demonstrated, prolonged droughts and low mountain snowfalls could negatively impact groundwater 
levels in the City. If groundwater levels decline, the City could see a reduction in well production, and 
the elevation of pump intakes may need to be reduced. 

Point of entry treatment systems at each source are adequate for the City’s needs. However, conversion 
to on-site generation of sodium hypochlorite from chlorine gas systems would improve reliability and 
reduce annual operation and maintenance (O&M) costs for the City. 

Alternative water sources and associated treatment measures are discussed herein. The following 
criteria have been considered for each water supply alternative: 

 Water quality and water quality consistency 

 Source capacity 

 O&M requirements 

 Impact on system reliability 

 Operation with existing storage reservoirs 

Supply and Treatment Development Alternatives 

Well No. 1 Improvement Alternative 

Well No. 1 is the only source with a chlorine gas disinfection system. The existing mechanical 
building is undersized and, due to spatial constraints, cannot accommodate the installation of new 
mechanical and electrical equipment or an on-site generation system. Well No. 1 is a reliable 
production well with good water quality that will continue to provide drinking water for the City. 
Converting to an on-site sodium hypochlorite generation system would increase the reliability and 
safety of the source, in addition to reducing O&M costs. 
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Well No. 1 Pump Station Improvements 

Under this alternative, the existing CMU building, including its foundation, would be entirely 
demolished, while protecting the wellhead. The existing generator set, automatic transfer 
switch (ATS), flowmeter, and pump motor would be salvaged and reinstalled with the new 
facility. An entirely new CMU building would be constructed around the existing well. The 
building would have a layout similar to the buildings at Wells No. 3 and 4, with a single room 
housing the well discharge head, motor, discharge manifold, on-site generation system, and all 
electrical, instrumentation, and controls (EI&C). The existing generator set, ATS, and flowmeter 
would be salvaged and reinstalled outdoors, and a new well water level monitoring system 
would be included. 

The anticipated year 2023 project cost to complete the work described is $808,000. A detailed 
cost estimate is presented on Figure 3-1. 

New Groundwater Source Development Alternatives 

With the largest producing source offline and remaining sources limited to 21 hours of operation per 
day, it was determined that the City’s MDD is projected to exceed the design source supply in year 
2028. Assuming a new 2.2 MG reservoir is constructed (see Chapter 4 for discussion regarding 
reservoir capacity), the equalization storage should be capable of accounting for periods of peak 
demand until approximately 2035 while retaining an emergency reserve volume equal to one day of 
ADD. Additional supply will then be needed. Either an entirely new source could be developed, or 
the capacity of one of the existing sources could be increased. Adding a new source would allow the 
City to exercise their full certified withdrawal rate and provide water beyond the planning period. 
Increasing the capacity of one of the existing sources could defer the requirement of a new source 
to the end of the planning period, but eventually a new source will be needed. To exercise the City’s 
full permitted withdrawal rate by either developing a new source or increasing the capacity of the 
existing sources, either a permanent water right transfer or permit amendment from the OWRD 
would be needed. A new permit to use groundwater could also be applied for to increase the total 
permitted groundwater withdrawal rate. 

Construct a New Well No. 5 

Under this alternative, a new source would be constructed and connected to the system with 
approximately 600 linear feet of 12-inch transmission line, assuming the Edgington Road 
Transmission Line Improvement project, which is discussed further in Chapter 5, is completed 
prior to development of the new source. The City has already obtained a parcel adequate for the 
new source southwest of the city limits. Figure 3-2 shows the location of the proposed source 
and connection to the existing distribution system. The project would include a new mechanical 
building, standby power, on-site generation system, and all necessary EI&C. Assuming the new 
source is constructed with a sustainable yield of 1,670 gpm, the City would be able to exercise 
their full water right allocation with the largest source offline and the remaining sources 
operating for no more than 21 hours per day. 

The anticipated year 2023 project cost to complete the work described is $2,102,000. A detailed 
cost estimate is presented on Figure 3-3. 
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Increase the Capacity of Well No. 2 

Under this alternative, the Well No. 2 pumps would be replaced with a higher capacity pump and 
motor, and the pump setting would be reduced in elevation (set deeper in the well) to 
accommodate potential declines in static groundwater levels. The extent of increased capacity and 
associated improvements would require further investigation, including aquifer and well pump 
tests to confirm the well’s sustainable yield. Additionally, the City would need to add Well No. 2 as 
an additional point of appropriation to other existing water rights. Because the viability of this 
alternative is uncertain at this time, no detailed improvement work item list or cost estimate has 
been developed. The City may wish to explore the viability of this option in the future. 

Well No. 3 

Well No. 3 is a good producing source with a capacity of approximately 1,550 gpm under normal 
conditions. The well is equipped with a soft starter, which does not allow for the pump rate to be 
adjusted to maintain a specific discharge pressure. The source does not have standby power and will 
not operate during utility outages. 

Well No. 3 Pump Station Improvements 

A VFD and standby power would be installed at Well No. 3. This would reduce the risk of losing 
the source during utility outages and provide operational flexibly. These improvements would 
allow the City to take the existing reservoir and transmission lines offline temporarily for 
maintenance or replacement. 

The anticipated year 2023 project cost to complete the work described is $372,000. A detailed 
cost estimate is presented on Figure 3-4. 

Water Supply and Treatment Recommendations 

To address potential water supply capacity deficiencies to meet projected future water demand 
expected to arise within the planning period, it is recommended that the City either develop a new 
source, increase the capacity of either Well No. 1 or 2, or both. Assuming the City constructs an 
additional 2.2 MG of storage (discussed in Chapter 4) and assuming the largest producing source was 
offline, the City would need to construct and bring online a new source or increase the capacity of an 
existing source by year 2035. 

To add redundancy and operational flexibility to the system, it is recommended that the City install a 
VFD and standby power to Well No. 3. This will reduce the chance of the City relying on only three of 
four sources during utility interruptions, and add the ability to run Well No. 3 based on a distribution set 
point pressure. 

To maintain Well No. 1 in good working order and convert from gas chlorination to on-site generation of 
sodium hypochlorite, it is recommended the City reconstruct the Well No. 1 mechanical building in its 
entirety. This will provide adequate space to install new EI&C, resolve aging infrastructure deficiencies, 
and reduce O&M costs and safety concerns associated with the existing chlorine gas disinfection system. 



CITY OF
SISTERS, OREGON

WATER SYSTEM MASTER PLAN UPDATE
WELL NO. 1 PUMP STATION 

IMPROVEMENTS 
PRELIMINARY COST ESTIMATE

FIGURE
3-1

NO. DESCRIPTION UNIT UNIT PRICE1  ESTIMATED 
QUANTITY  TOTAL PRICE 

1 Mobilization/Demobilization LS 27,500$           All Req'd 27,500$           
2 Project Safety, Temporary Traffic Control, 

and Quality Control
LS 20,000 All Req'd 20,000             

3 Construction Survey LS 8,000 All Req'd 8,000               
4 Demolition of Existing Facilities LS 25,000 All Req'd 25,000             
5 Site Work and Landscaping LS 15,000 All Req'd 15,000             
6 Concrete Masonry Unit Building SF 370 400                  148,000           
7 Painting LS 10,000 All Req'd 10,000             
8 Electrical Work LS 70,000 All Req'd 70,000             
9 Heating, Ventilation, and Air Conditioning LS 35,000 All Req'd 35,000             

10 Plumbing LS 7,500 All Req'd 7,500               
11 Instrumentation and Controls LS 50,000 All Req'd 50,000             
12 On-site Hypochlorination Generation 

System
LS 110,000 All Req'd 110,000           

13 Mechanical Work LS 80,000 All Req'd 80,000             

Subtotal Estimated Construction Cost 606,000$         
Construction Contingency (15%) 91,000             

Total Estimated Construction Cost 697,000$         
Preliminary, Design, and Construction Engineering (15%) 105,000           

TOTAL ESTIMATED IMPROVEMENTS COST (2023 DOLLARS) 802,000$         

Other Estimated Project Costs
Oregon Health Authority Plan Review 1,000$             

Deschutes County Permitting (Land use, Building, Plumbing) 5,000               

Subtotal Other Estimated  Project Costs (2023 Dollars) 6,000$             

TOTAL ESTIMATED PROJECT COST 808,000$         

1All costs shown are in 2023 dollars. Estimated project costs were prepared using methodology established by the City and City 
Engineers with reference to pre-pandemic itemized bids inflated by 4.5 percent from the referenced project bid date to year 2023. 
Total estimated project costs must be re-evaluated prior to the implementation time frame to account for inflation, supply chain cost 
escalations, contractor availability, and general market volatility. Due to the recent volatility of the market and supply chain 
shortages, actual costs may vary significantly.

CITY OF SISTERS, OREGON
WATER SYSTEM MASTER PLAN UPDATE

WELL NO. 1 PUMP STATION IMPROVEMENTS
PRELIMINARY COST ESTIMATE

(YEAR 2023 COSTS)
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CITY OF
SISTERS, OREGON

WATER SYSTEM MASTER PLAN UPDATE

CONSTRUCT A NEW WELL NO. 5 
PRELIMINARY COST ESTIMATE

FIGURE
3-3

NO. DESCRIPTION UNIT UNIT PRICE1  ESTIMATED 
QUANTITY  TOTAL PRICE 

1 Mobilization/Demobilization LS 73,750$           All Req'd 73,750$           
2 Project Safety, Temporary Traffic Control, 

and Quality Control
LS 30,000             All Req'd 30,000             

3 Construction Survey LS 15,000             All Req'd 15,000             
4 Clearing and Grubbing ACRE 7,500               0.5                   3,750               
5 Drilling and Construction of New Well LS 450,000           All Req'd 450,000           
6 Well Development HOUR 500                  24 12,000             
7 Aquifer Testing LS 45,000             All Req'd 45,000             
8 Well Pump, Column, Discharge Head, and 

Motor
LS 140,000           All Req'd 140,000           

9 Site Work and Landscaping LS 20,000             All Req'd 20,000             
10 Generator Set and Automatic Transfer 

Switch
LS 80,000             All Req'd 80,000             

11 Concrete Masonry Unit Building SF 370                  400 148,000           
12 Painting LS 10,000             All Req'd 10,000             
13 Electrical Work LS 85,000             All Req'd 85,000             
14 Heating, Ventilation, and Air Conditioning LS 35,000             All Req'd 35,000             
15 Plumbing LS 7,500               All Req'd 7,500               
16 Instrumentation and Controls LS 100,000           All Req'd 100,000           
17 On-site Hypochlorination Generation 

System
LS 110,000           All Req'd 110,000           

18 Mechanical Work LS 80,000             All Req'd 80,000             
19 Gravel Access Drive SY 15                    400 6,000               
20 Chain Link Fence and Gates LF 30                    200 6,000               
21 Install 12-inch Polyvinyl Chloride Pipe LF 180                  600 108,000           
22 12-inch Butterfly Valve EA 3,000               1 3,000               
23 Connect to Existing Water Line EA 2,000               1 2,000               
24 Surface Restoration SY 12                    1,000 12,000             

Subtotal Estimated Construction Cost 1,582,000$      
Construction Contingency (15%) 237,000           

Total Estimated Construction Cost 1,819,000$      
Preliminary, Design, and Construction Engineering (15%) 273,000           

TOTAL ESTIMATED IMPROVEMENTS COST (2023 DOLLARS) 2,092,000$      

Other Estimated Project Costs
Oregon Health Authority Plan Review 5,000$             

Deschutes County Permitting (Land use, Building, Plumbing) 5,000               

Subtotal Other Estimated  Project Costs (2023 Dollars) 10,000$           

TOTAL ESTIMATED PROJECT COST 2,102,000$      

1All costs shown are in 2023 dollars. Estimated project costs were prepared using methodology established by the City and City 
Engineers with reference to pre-pandemic itemized bids inflated by 4.5 percent from the referenced project bid date to year 2023. 
Total estimated project costs must be re-evaluated prior to the implementation time frame to account for inflation, supply chain cost 
escalations, contractor availability, and general market volatility. Due to the recent volatility of the market and supply chain 
shortages, actual costs may vary significantly.

CITY OF SISTERS, OREGON
WATER SYSTEM MASTER PLAN UPDATE

CONSTRUCT A NEW WELL NO. 5
PRELIMINARY COST ESTIMATE

(YEAR 2023 COSTS)



CITY OF
SISTERS, OREGON

WATER SYSTEM MASTER PLAN UPDATE
WELL NO. 3 PUMP STATION 
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3-4

NO. DESCRIPTION UNIT UNIT PRICE1  ESTIMATED 
QUANTITY  TOTAL PRICE 

1 Mobilization/Demobilization LS 13,000$           All Req'd 13,000$           
2 Construction Survey LS 3,500               All Req'd 3,500               
3 Generator Set and Automatic Transfer 

Switch
LS 135,000           All Req'd 135,000           

4 150 Horsepower Variable Frequency 
Drive

LS 40,000             All Req'd 40,000             

5 Site Work LS 15,000             All Req'd 15,000             
6 Electrical Work LS 40,000             All Req'd 40,000             
7 Controls and Instrumentation Work LS 30,000             All Req'd 30,000             
8 Fencing LF 30                    100 3,000               

Subtotal Estimated Construction Cost 279,500$         
Construction Contingency (15%) 42,000             

Total Estimated Construction Cost 321,500$         
Preliminary, Design, and Construction Engineering (15%) 48,200             

TOTAL ESTIMATED IMPROVEMENTS COST (2023 DOLLARS) 369,700$         

Other Estimated Project Costs
General Permitting 2,000$             

Subtotal Other Estimated  Project Costs (2023 Dollars) 2,000$             

TOTAL ESTIMATED PROJECT COST 372,000$         

1All costs shown are in 2023 dollars. Estimated project costs were prepared using methodology established by the City and City 
Engineers with reference to pre-pandemic itemized bids inflated by 4.5 percent from the referenced project bid date to year 2023. 
Total estimated project costs must be re-evaluated prior to the implementation time frame to account for inflation, supply chain cost 
escalations, contractor availability, and general market volatility. Due to the recent volatility of the market and supply chain 
shortages, actual costs may vary significantly.
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Chapter 4 - Water Storage 
Introduction 

This chapter presents information on the City of Sisters’ water storage facilities. The purpose for storage 
in municipal water systems is discussed. The condition and needs of the City’s existing water storage 
reservoirs are outlined, and recommended storage improvements to meet current and projected year 
2042 design criteria are presented. Different types and locations for storage facility improvements are 
outlined. 

General 

Water storage facilities are constructed to meet several purposes. First, storage reservoirs are often 
used to provide control for well or booster pump station operation. When a reservoir drops a few feet 
or more from the full level, the water level can be used as a control for water supply pump activation. 
The amount of storage required for this type of control is called “operating storage.” Second, stored 
water must be available to supply water during periods in which the demand for water exceeds the 
available water supply. This reserve is called “equalization storage.” An example of this would be where 
system demands exceed the capacity of the water supply to the reservoir. Third, reserve storage is 
usually provided to supply unusually high, short-duration demands, such as fire flows. This is referred to 
as “fire reserve.” Finally, reserve storage is often provided for emergencies that may arise and interfere 
with production from water supply sources. Such emergencies could be created by power outages, 
mechanical equipment failure, or sudden water contamination. The amount of storage to be provided 
for an emergency depends on the likelihood and the impact of such an occurrence. The amount of 
emergency storage provided usually becomes a balance between need and affordability. This storage 
allowance is called “emergency reserve.” 

Storage facilities can be located at approximately the same elevation as the entrance to the water 
distribution system. Storage facilities of this type require continuous operation of a booster pump 
station to maintain distribution system pressure. Storage facilities can also be elevated, in which case 
the water is stored at an elevation considerably above the distribution system to generate adequate 
system pressure. For example, a water elevation of 120 feet above a distribution system would generate 
a static pressure of approximately 50 pounds per square inch (psi). Reservoirs may be elevated by 
locating them on natural ground elevated above the service area or by construction on top of a 
structural support system. 

Storage reservoirs are generally constructed of either steel, reinforced concrete, or prestressed 
concrete. The choice of construction material is usually based on an economic analysis. Reservoirs may 
be constructed either aboveground or buried, with the choice based on cost, location, and appearance.  

The remainder of this chapter reviews the City’s existing storage facilities, presents a discussion of 
future storage needs, and provides options for satisfying those needs.  

Preserving Water Reservoir Water Quality 

To preserve water quality, water needs to adequately circulate in and out of the storage reservoir. This 
is often done by providing separate inlet and outlet pipes to and from reservoirs, providing continuous 
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mechanical mixing, and, when possible, connecting a water supply source directly to the reservoir. The 
recommended complete water storage turnover time is three to five days. When estimating turnover 
using volume calculations, consideration should be given to potential short-circuiting and stagnation 
that affect the actual turnover duration. 

Where water sources are located remotely from water reservoirs, water turnover also needs to account 
for volume within pipelines that convey water between the facilities. This is the case in the City of 
Sisters, where sources are located at the distribution system and a transmission line approximately  
2 miles long conveys water between the sources and the water reservoir. When the sources are off, 
water flows out of the reservoir to the system, resulting in a declining water level in the reservoir. 
Eventually, a water supply pump is called to operate to fill the reservoir, which reverses the flow in the 
transmission main to fill the reservoir back up. Unless a significant volume of water is taken from the 
reservoir in each cycle, the water does not get fully exchanged in the transmission line. This could lead 
to water stagnation and water quality issues. Fresh supply water could simply be moved back and forth 
in the transmission line and not actually be delivered to the reservoir. This concept is visually presented 
on Figure 4-1. Stagnant water that is not properly exchanged in the reservoir will show a drop in chlorine 
levels, potentially allowing bacteria and other organisms to develop in the water and potentially cause 
taste and odor issues. 

To determine the operational volumes based on turnover time, typically one fill cycle per day is 
assumed. Because all City water sources are groundwater with good water quality, a turnover time of 
five days is assumed to be an adequate starting point for this system. To provide a complete turnover in 
five days, the operational volume must be at least the total reservoir volume divided by five days plus 
the volume stored in the transmission line between the reservoir and distribution system. Currently, the 
volume of water in the Sisters transmission line is approximately 105,000 gallons. Given these 
conditions, the recommended operational volume of the existing reservoir is 425,000 gallons. Based on 
continuous monitoring of water quality, the turnover time can be adjusted by increasing or decreasing 
the operational volume of the reservoir. 

The City should continuously monitor fill cycle frequency and adjust the operational storage accordingly. 
With any improvements made, it is important to maintain the quality of water stored in a reservoir and 
set water supply pump operations to allow adequate circulation of fresh water into the reservoir with 
each pump cycle and adequate water storage turnover. 

Existing Facilities 

The City’s water storage system consists of one 1.6 million gallon (MG) enclosed concrete tank storage 
reservoir. A 2.5 MG open air storage reservoir adjacent to the concrete tank remains empty after 
discontinued use following the Surface Water Treatment Rule enacted in 1989 and is no longer 
connected to the City’s water system. The City has no plans to restore the open air storage reservoir. 
The City’s reservoir location is shown on Figure 1-1 in Chapter 1. The following section summarizes the 
operational characteristics of the City’s existing storage reservoirs. 

Pole Creek Reservoir 

The Pole Creek Reservoir is an embankment dam open air reservoir originally used to store water 
diverted from Pole Creek. The dam was constructed in the 1960s with an embankment 
approximately 16 feet high and a total storage volume of 2.5 MG. Circa 2000, the surface water 
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system was taken offline due to the high treatment and disinfection costs to meet requirements of 
the Surface Water Treatment Rule enacted in 1989. The reservoir is currently not used, and the site 
may be used for construction of a new water storage reservoir. The reservoir is located on land 
owned by the federal government managed by the U.S. Forest Service (USFS). 

1.6 Million Gallon Concrete Reservoir 

The City’s single 1.6 MG enclosed concrete reservoir was constructed in 1995. The reservoir is a 
partially buried, prestressed concrete tank manufactured by Morse Bros., Inc., in Harrisburg, 
Oregon, which later became a member of Knife River in 1998. The reservoir is built of 40 precast 
wall panels and 40 precast roof panels. The panels were delivered to the site, assembled, and  
prestressed on a cast-in-place concrete floor. The closure strips were infilled, and a shotcrete 
overlay was applied to the wall sections. The reservoir is in a timbered area located on USFS land. 
The City was granted a conditional use permit for the construction and continued operation of the 
storage reservoir, piping, and building structure on the site. The site is fenced and topped with 
barbed wire, with access through a locked gate. 

The cylindrical reservoir has a 112-foot inner diameter with a finished floor elevation at 3,327 feet 
(National Geodetic Vertical Datum of 1929 [NGVD 29]). The reservoir is furnished with a 12-inch 
inlet pipe, a 12-inch outlet pipe, a 12-inch floor drain, and a 12-inch overflow drain. The outlet pipe 
is set vertically 6 inches above the finished floor to provide a silt stop. The overflow drainpipe is set 
horizontally with the invert elevation at 3,349 feet (NGVD 29). The reservoir roof is accessed by an 
exterior ladder that extends to a fenced catwalk on one access hatch. A second access hatch located 
on the opposite side of the tank has a single safety railing near the roof edge. A roof vent provides 
atmospheric air pressure equalization. The reservoir is equipped with one ultrasonic level 
transmitter and one submersible pressure transducer, which are used to control the City’s wells. A 
chlorination system in the adjacent control house can be used in case of an emergency. 

The reservoir was rehabilitated in 2003 by replacing the original closure pours and reconditioning 
the entire roof structure. The interior was also cleaned prior to being placed back in service. At the 
time (after nine years of service), there was very little sediment accumulation. During a site 
inspection in 2021, efflorescence was observed on the reservoir wall’s exterior shotcrete 
application. In most locations the efflorescence appears to be the result of rainwater runoff from 
the roof and is concentrated below roof panel joints. The damage is very minor, and the inspection 
report indicates the reservoir is in “very good condition” overall. The City should conduct regular 
inspections of the shotcrete to address any areas found to have excessive efflorescence or spalling. 

The reservoir is connected to the distribution system through a single 12-inch asbestos cement (AC) 
pipe that allows flow in either direction depending on whether the reservoir is filling or draining. 
Near the reservoir, the 12-inch AC pipe splits to various lines utilizing various check valves to allow 
the reservoir to be filled from one end and drained from the other.  

TABLE 4-1   
EXISTING STORAGE FACILITIES  

Reservoir 
Capacity 

(MG) 
Construction 

Material 

Reservoir 
Diameter 

(feet) 

Reservoir 
Height 
(feet) 

High 
Operating 

Level 
(feet) 

Low 
Operating 

Level 
(feet) 

Backup Water 
Supply Wells 

Start 
(feet) 

Year of 
Construction 

1.6 Concrete 112 25 23 16 15 and 14 1995 
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Storage Requirements 

Water storage is usually provided for several purposes. Various methods are used to calculate the 
volumes of each type of storage component required. Most involve a rational approach to estimating 
the volume of each storage component, consisting of operation, equalization, fire reserve, and 
emergency. The decision can then be made as to which component controls and what storage volumes 
will actually be necessary. For example, the decision may be made to provide storage for operation, 
equalization, and fire reserve only, assuming any emergency storage would be available from the fire 
reserve. If this option were selected, there may not be adequate fire storage available if there is a 
sustained power outage or if a well pump is out of service. For this reason, it is recommended that all 
four of the storage components be considered when evaluating the City’s potential storage needs. 
Figure 4-2 shows typical, existing, and proposed reservoir storage components. Based on population 
forecasts and rational approaches to reservoir component sizing, it is recommended that the City 
construct an additional 2.2 MG of storage for a total of 3.8 MG to provide adequate storage through the 
planning year. A quantification for each storage component is described in the following sections and 
shown on Figure 4-3. 

Operating Storage 

Operating storage is generally provided to facilitate operation of water supply pumps in a water 
system. For example, when water system demands result in the water level lowering in a reservoir, 
the water level will reach a certain point that can be used to trigger activation of the supply well 
pumps to refill the reservoir. The storage needed to activate water supply sources is typically 
referred to as operating storage. This zone of operation can be set as desired but is often set to help 
ensure circulation occurs during each pump run cycle, allowing water to cycle through the reservoir 
to help maintain water quality while keeping the reservoir as full as possible. As discussed 
previously, due to the long transmission line between the reservoir and the City, operational storage 
in this case is based on turnover. At the existing reservoir site, operational storage should be at least 
the total reservoir volume divided by five days plus the volume of water within the reservoir 
transmission line. 

Existing Operating Storage 

As discussed previously, the minimum recommended operating storage for the existing 
reservoir is one-fifth of the total storage volume plus the volume within the reservoir 
transmission lines, or 425,000 gallons. The reservoir is currently set to lower 7 feet from the full 
level before the primary water supply pump is called to operate and fill the reservoir. This 
corresponds to an operational storage volume of approximately 516,000 gallons, which is 
approximately 32 percent of the total available storage. If the level drops an additional 1 or  
2 feet, the first and second backup water supply pumps will be called to run, respectively. 
During normal demand, the reservoir feeds the City by gravity flow for approximately 18 to 
24 hours before wells are called to run. Filling the reservoir then takes between 12 and 
16 hours. This practice currently exchanges approximately 500,000 gallons in the reservoir each 
cycle, which is adequate to meet the recommended turnover time. 
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Proposed Operating Storage 

As discussed further in Chapter 5, multiple phases of improvements to the reservoir 
transmission lines are proposed. Assuming all improvements proposed in Chapter 5 will be 
completed, the volume within the proposed transmission lines would be approximately 
250,000 gallons. The total volume of the existing and proposed reservoirs is 3.8 MG. Based on 
preserving water quality with a turnover of five days, the minimum recommended operating 
volume of the proposed facilities is 1.0 MG. 

Equalization Storage 

Equalization storage must be provided to balance the difference between periods of peak demand 
and available water supply capacity. Depending on the available source supply compared with the 
peak period demand, this may occur during a two-hour fire flow scenario or during the MDD, 
depending on which scenario results in the highest equalization volume. These are shown on  
Table 4-3 as Equalization Method Scenarios 1 and 2, respectively. Each method takes the difference 
between the peaking periods’ average demand and available source supply and multiplies that rate 
by the peaking period duration to calculate the total equalization storage volume required.  

Existing Equalization Storage 

Based on providing the current (year 2022) estimated maximum daily demand (MDD) 
(2,050 gallons per minute [gpm]) plus the NFF (2,500 gpm) of 4,550 gallons per minute (gpm) for 
two hours and using the available supply capacity of 3,050 gpm, 180,000 gallons must come 
from the reservoirs. 

Interim Year 2035 Equalization Storage 

The interim year is that in which the reservoir’s equalization storage can no longer provide the 
difference between periods of peak demand and available source supply while maintaining a 
minimum emergency reserve allocated volume discussed below. Assuming the City’s storage is 
increased to a total of 3.8 MG, this is the year that construction of a new source or an increase 
in available source supply must be brought online. Under these conditions, the equalization 
storage needed is the difference between the MDD and the supply flow available, or 
approximately 1,060,000 gallons. 

Year 2042 Equalization Storage 

It is anticipated that by year 2042 a new source will have been developed and the City will be 
capable of exercising the full water right withdrawal rate. It is shown that under these 
assumptions the equalization storage needed is the difference between the MDD and the supply 
flow available, or approximately 692,000 gallons. 

Fire Reserve 

Reserve storage for fire suppression is usually determined by the maximum needed fire flow rate 
and duration. However, because NFF has already been accounted for in equalization storage 
Method 1, on Table 4-2 fire reserve is shown as zero. 
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Emergency Storage 

Emergency storage reserve is usually provided for a minimum of one to three days of average daily 
demand (ADD) to supply demand during a power outage, mechanical problems, or other problems 
that would interrupt the reliable supply of water. In most cases, this reserve would be sized to 
provide water for the amount of time needed to repair or replace a well pump, water supply source 
pump, or other equipment. Emergency storage can be reduced by discretion when multiple water 
supply sources are available and equipped with adequate standby power. Due to the number of 
water supply sources with backup power available in Sisters, Public Works staff believe that 
emergency reserves based on one day of ADD would be appropriate. Emergency reserves below one 
day of ADD are not considered a critical deficiency as typical water system function is not dependent 
on emergency storage. However, an emergency reserve of less than one day of ADD does not 
provide the level of safety the City deems necessary. 

Table 4-2 shows the City’s current (year 2022) and future (year 2042) recommended storage 
capacities.  

TABLE 4-2   
RECOMMENDED CITY STORAGE VOLUMES 

Type of Storage 

Volume (gallons) 

Current Year 2022 
Planning Year 

2042 
Operational Storage 425,000 1,000,000 
Equalization Storage 180,000 692,000 
Fire Reserve1 0 0 
Emergency Reserve 1,034,500 2,082,000 

Total Recommended Storage 1,640,000 3,794,000 
Available Storage 1,600,000 3,800,0002 

Additional Recommended Storage 40,000 0 
1Fire reserve accounted for in equalization storage. 
2Assuming an additional 2.2 MG of storage is constructed. 

Storage Requirements Summary 

The four storage components described herein require a total of approximately 1,640,000 gallons 
for the current year, indicating that the existing storage capacity has just recently become 
insufficient to be able to provide the City’s emergency reserve allocation of one day of ADD. 
Assuming an additional 2.2 MG of storage is constructed for a total of 3.8 MG, the available storage 
will become inadequate to provide water in periods of peak demand in year 2035, in which the 
source capacity must be increased. Assuming an additional source is constructed such that the City 
can withdraw their full water right, the 3.8 MG of recommended storage will remain adequate 
through year 2042. At that time, the City may consider either constructing more storage, or 
reevaluating the recommended reservoir storage components to determine if the construction of 
additional storage may be deferred. 
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Existing Water Reservoir Condition 

To evaluate potential existing water reservoir deficiencies or operational issues that could affect the 
City’s storage needs, a reservoir inspection and assessment was provided by DN Tanks, Inc., for 
inclusion in this Water System Master Plan (WSMP) Update. A summary of the inspection report and 
related existing reservoir improvements are also discussed. 

Summary of Inspection Report 

A thorough interior and exterior inspection of the City’s water reservoir was completed on  
May 16, 2022, by DN Tanks, Inc. A copy of the 2022 inspection report for the Morse Bros., Inc., 
1.6 MG prestressed concrete storage tank is included in Appendix F.  

In general, the inspection found that prestressed reinforcement and structural concrete walls 
and columns were in excellent condition with limited or no signs of corrosion or deterioration. 
Efflorescence was visible on the exterior of the tank where shotcrete was applied. A prior repair 
visible on the tank floor is showing signs of failure with a loss of material. Daylighting was visible 
in the tank, indicating loss of filler materials in the construction joints. The exterior roof is in fair 
condition with visible deterioration of a previously applied coating. 

Items that are Acceptable 

 Interior concrete columns are not cracking or spalling and no visible deficiencies 
were identified. 

 Interior concrete walls are in excellent condition. 

 Prestressed steel is not showing signs of corrosion. 

Inspection Items Repaired During the Development of this WSMP Update 

 Construction joints on the tank roof. 

Items Needing Repair or Replacement 

 Remove epoxy repair coating on tank floor and replace it with elastomeric coating. 

 Repair concrete spalls on the underside of the tank roof. 

 Apply protective coating to exterior roof. 

 Recoat exterior walls with paint system. 

The City should continue to monitor for settling cracks along the tank roof, walls, and floor; and 
delaminating shotcrete; and conduct repairs if necessary. The coating failures should also be 
monitored and repaired, if necessary. Steps should be taken to prevent or repair further 
deterioration of the exterior roof and concrete joints. The repairs noted in the inspection could 
help extend the service life and avoid potential water quality concerns with water intrusion. 
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Water Quality-related Improvements 

The existing water reservoir does not have an effective means of circulating water, which can 
lead to stratification. Stratification of water can depress chlorine residuals in the reservoir, 
which can give treated water unpleasant odors or tastes and may even pose health risks to 
customers. Sufficient chlorine residuals are also important for maintaining good water quality 
within the distribution system and preventing organic buildup in pipes. 

The City should continue to monitor water reservoir water quality. If stratification is observed, it 
is recommended the City install mixers to maintain sufficient chlorine residuals. Due to the 
variation in flows between winter and summer seasons, when the total storage is increased to 
the proposed 3.8 MG, the City should monitor reservoir turnover times and consider reducing 
the stored volume during low demand periods to maintain average turnover times to less than 
five days. 

Recommended Water Reservoir Maintenance Improvements 

Structural and cosmetic maintenance improvements should be completed regularly to extend 
the useful life of storage tanks and reduce repair costs. The City’s forthcoming Capital 
Improvements Plan includes several maintenance-related projects for the existing water 
reservoir and are presented below.  

 Rehabilitate the roof surface and reapply the protective coating. 

 Remove existing epoxy repair and replace it with elastomeric coating. 

 Repair construction joint fill material. 

 Repair spalling concrete. 

 Recoat exterior walls with paint system. 

The total estimated maintenance/repair cost for the existing water reservoir is $250,000.  

Potential Reservoir Capacity Improvement Options 

This section discusses potential reservoir improvement options for consideration to serve the long-term 
water storage needs of the City of Sisters. 

Reservoir Types 

As previously discussed, storage reservoirs may be constructed of either steel, reinforced concrete, 
or prestressed concrete and have different configurations. Examples of typical storage reservoir 
types are shown on Figure 4-4. The choice is usually based on an economic analysis of both capital 
and operational costs and aesthetics associated with the particular installation. Further discussion of 
reservoir types follows.  

For ground-level type reservoirs of 1.0 MG or less, steel reservoirs are usually less expensive to 
construct when compared to concrete reservoirs. There are two primary types of steel reservoirs: 
glass-fused bolted steel reservoirs and painted welded steel reservoirs. Glass-fused bolted steel 
reservoirs are comparable in cost to painted welded steel reservoirs and can result in less 
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maintenance costs over the life of the reservoir because sandblasting and recoating are normally 
not needed. However, glass-fused bolted steel reservoirs are susceptible to leaking due to the many 
bolts and mastic seals, and the appearance of glass-fused bolted steel reservoirs cannot be changed 
after installation. The long-term life cycle of glass-fused bolted steel reservoirs is also not known as 
they were introduced to the municipal water supply market in the late 1970s and early 1980s.  

It is often desirable for reservoirs to serve the distribution system by gravity flow. Two options to 
achieve this include constructing a ground-level storage reservoir at a higher elevation than the 
service area or constructing an elevated reservoir in the vicinity of the service area. Elevated 
reservoirs are more expensive than ground-level reservoirs when providing similar storage volumes. 
However, transmission main lengths can often be reduced and the cost of additional transmission 
main lengths should be considered when comparing reservoir construction costs. 

Elevated reservoir types include: 

 Standpipe style, in which the height significantly exceeds the diameter and water is stored 
throughout the entire height of the tank.  

 Spherical style, with a water storage sphere placed atop a single structural pedestal. 

 Pillar style, which are similar to spherical tanks but have a larger diameter center pillar that 
can be utilized to house equipment, storage, or offices.  

Refer to Figure 4-4 for pictures of each reservoir type.  

Standpipe style reservoirs can be constructed of bolted steel or coated, welded steel. Storage from 
the lower portion of a standpipe reservoir is not always available to fully pressurize the system by 
gravity flow and sometimes requires booster pumps to maintain distribution system pressure when 
reservoir levels are low. Depending on site soil and seismic characterizations, standpipe style 
reservoirs are generally limited to a maximum height of 120 feet. This results in a maximum system 
pressure in the immediate vicinity of the standpipe reservoir of approximately 50 psi.  

Both spherical and pillar style reservoirs have the benefit (over standpipe style) of storing more 
volume at a higher elevation near the top of the structure. Spherical reservoirs are generally welded 
steel that is epoxy or polyurethane coated. The pillar style reservoirs can either have a concrete 
pillar and steel storage area (composite tank) or consist of all-steel construction. Spherical and pillar 
style elevated storage reservoirs normally have higher capital costs than standpipe style reservoirs. 

Water Storage Reservoir Type Life Cycle Cost Analysis 

Consideration should be taken by the City when selecting the type of water storage reservoir to best 
meet the City’s short- and long-term needs. Each type of storage reservoir has distinct advantages that 
can be demonstrated through determining present worth costs over a specific future time period. The 
life cycle cost analysis discussed hereafter considered all costs associated with the construction and 
maintenance of each reservoir type over a lifespan of 75 years. For the purpose of this analysis, the 
proposed reservoir was assumed to have the same height as the City’s existing 1.6 MG reservoir and a 
volume of 2.2 MG. It should be noted that the design life of welded steel and prestressed concrete 
reservoirs was estimated to be 75 years, while the glass-fused bolted steel reservoir’s design life was 
estimated to be 50 years, though a bolted steel reservoir may last longer than 50 years. To account for 
the disproportionate design life of the reservoir types, a replacement investment cost was included in 



City of Sisters, Oregon 
Water System Master Plan Update Chapter 4 

11/2/2023  Anderson Perry & Associates, Inc. 
WtrSysMstPlnUpd_Sisters_446-08.docx   Page 4-10 

the analysis at five-year intervals equal to the initial construction cost divided by the estimated design 
life. The construction cost inflation percentage was set to exceed the interest rate percentage 
associated with the value of improvement (present worth rate) to accurately reflect increased costs over 
time. Only the direct cost of the reservoir is included in this analysis, including foundation work and 
painting. Other work including yard piping, fencing, etc., was negated as it is assumed these costs will be 
similar amongst the various reservoir types. Figure 4-5 presents a summary table of the life cycle cost 
analysis. Descriptions of each water storage reservoir type are provided below. 

Welded Steel Reservoir  

A 2.2 MG welded steel reservoir is estimated to cost approximately $2,550,000 to construct based 
on previous water storage reservoir projects completed by Anderson Perry & Associates, Inc. The 
cost of constructing a welded steel storage reservoir falls between the other two reservoir types; 
however, significant maintenance costs are required to maintain storage performance and water 
quality. Maintenance costs include cleaning the reservoir every five years, maintaining the cathodic 
protection system, replacing sacrificial anodes every 25 years, and repairing potential damage to the 
reservoir walls. The most expensive maintenance cost would be to recoat the interior and exterior 
walls, which would cost approximately $750,000 every 30 years. A welded steel reservoir provides 
the highest 75-year present worth cost.  

Glass-Fused Bolted Steel Reservoir  

A 2.2 MG glass-fused bolted steel reservoir would have the lowest construction cost of cost 
approximately $2,350,000. This reservoir would follow the same maintenance procedures as a 
welded steel reservoir, excluding wall recoating. The roof of this reservoir is supported by a metal 
(usually aluminum) web truss. Depending on the ambient conditions inside the reservoir, the web 
truss will eventually exceed its service life and require replacement. For this analysis, the web truss 
life cycle was estimated at 25 years. A glass-fused bolted steel reservoir provides a 75-year present 
worth cost that is approximately $846,000 less than the welded steel reservoir based on this 
analysis. 

Prestressed Concrete Reservoir  

A 2.2 MG prestressed concrete reservoir is estimated to cost approximately $2,950,000 to construct, 
making it the most expensive storage reservoir option; however, maintenance costs over the service 
life of the reservoir would be minimal in comparison to the reservoir types previously discussed. 
Required maintenance would include cleaning the reservoir as needed, repairing damage that may 
occur to the tank exterior (cracking), and recoating the exterior as required. The lifespan of the 
exterior coat will depend on the conditions and climate the reservoir is exposed to but was 
estimated at 30 years for this analysis. Potential repairs are associated with concrete reservoirs that 
routine maintenance would not account for. An additional $100,000 was added for miscellaneous 
repairs that may be needed approximately halfway through the reservoir’s 75-year design life. A 
prestressed concrete reservoir provides the lowest 75-year present worth cost. 

Based on the storage reservoir type life cycle cost analysis performed, glass-fused bolted steel and 
welded steel reservoirs should be considered if low initial construction costs are desired. However, 
projecting over a 75-year operational period, these tanks will require significant investments toward 
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maintenance. A prestressed concrete reservoir would have a larger initial construction cost but would 
be less expensive over the 75-year design life due to less required maintenance. 

Reservoir Options 

The amount of future storage needed depends on the amount of emergency reserve the City 
determines is adequate to provide for emergency and unforeseen circumstances. It was determined 
that approximately 2.2 MG of additional storage would be adequate to meet the year 2042 projected 
growth while providing a reasonable amount of emergency reserve. One site option was identified for 
construction of the needed storage reservoir, which is directly adjacent to the existing 1.6 MG water 
reservoir. This site is more ideal than any other location, as it does not need to be elevated or 
constructed with a booster pump station to provide adequate distribution system pressure, the City has 
a pre-existing special use permit with the USFS for the land-use approval, and it can be easily connected 
to the existing system without additional transmission lines. 

Recommended Storage Improvements and Cost  

Based on discussions with City staff, a prestressed concrete reservoir is the preferred method of 
construction for any new water reservoir, as it has the lowest 75-year present worth cost, highest 
resilience to seismic activity, and will match better aesthetically with the existing tank. The site for the 
new reservoir, which is adjacent to the existing reservoir, is ideal, as its elevation in relation to the City 
provides adequate pressure without the need for booster pump stations. 

New 2.2 Million Gallon Prestressed Concrete Water Storage Reservoir and Site 
Improvements 

Under this alternative, the City would construct a new ground-level, partially buried 2.2 MG 
prestressed concrete water storage reservoir and piping connecting the new reservoir to both the 
existing 1.6 MG concrete tank and transmission line. The total volume of the two tanks (3.8 MG 
combined) would accommodate the projected MDD during year 2042 with three-quarters of a day 
of ADD emergency reserve storage. This alternative assumes a new source is added to the system 
within the planning period prior to 2035. The new water storage reservoir would be constructed 
adjacent to and hydraulically connected to the existing concrete tank. Backflow prevention valves 
would be incorporated so when the tanks are filling and emptying, water would enter the inlet of 
the existing 1.6 MG tank and exit the new 2.2 MG tank. This operational process would ensure water 
is continuously cycled through both water reservoirs. Isolation valves would also be incorporated 
such that either tank could be taken offline while the other remains in service. Automatically 
actuated control valve(s) may be included, allowing simultaneous flow from both tanks into the 
transmission line during periods of peak demand. Rehabilitation of the existing 1.6 MG reservoir as 
previously discussed would be completed after the new tank is brought online.  

The proposed location for the reservoir, connection lines, and valve control boxes are shown on 
Figure 4-6. The reservoir base elevation and sidewall heights would be set to those of the existing 
reservoir so the tanks could be hydraulically connected without the need for additional control 
valves. The anticipated year 2023 project cost for the work described is $6,283,000 and includes 
rehabilitation of the existing reservoir. A detailed cost estimate is presented on Figure 4-7. 



City of Sisters, Oregon 
Water System Master Plan Update Chapter 4 

11/2/2023  Anderson Perry & Associates, Inc. 
WtrSysMstPlnUpd_Sisters_446-08.docx   Page 4-12 

Recommended Storage Improvements 

Based on findings of this WSMP Update and discussions with City staff, it is recommended an additional 
2.2 MG of storage be constructed. The preferred type of reservoir based on life cycle costs is a 
prestressed concrete tank. Tank resilience to seismic activity is another benefit of this type of 
construction, though potential structural damage during the anticipated Cascadia earthquake is 
anticipated to be low. The location of the new reservoir will be adjacent to the existing reservoir for 
ease of connection to the existing system and per the pre-arranged agreement with the USFS for the 
proposed land use. The reservoir should be constructed at the same elevation as the existing tank to 
allow a hydraulic connection without additional control mechanisms. The new reservoir will need to be 
constructed prior to 2035 (or equivalent population of 5,715) or the City risks being unable to provide 
adequate flow during peak demand periods. To maintain adequate emergency reserve, the new 
reservoir should be constructed immediately. 
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Clanton, Alabama (Courtesy of CB&I)
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LIFE CYCLE COST ANALYSIS 

FIGURE
4-5

Welded Steel
Glass-Fused 
Bolted Steel

Prestressed 
Concrete

75 50 75
1 2,550,000$            2,350,000$            2,950,000$            

30 N/A 30
38,000 N/A N/A
24,000 N/A 10,200

12$                        N/A N/A
12$                        N/A 12$                        

5 5 5
7,500$                   7,500$                   7,500$                   

5 5 N/A
1,000$                   1,000$                   N/A

20 20 N/A
20,000$                 10,000$                 N/A

10 10 10
1,200$                   1,000$                   800$                      

N/A 20 N/A
N/A 30,000$                 N/A
N/A N/A 40
N/A N/A 100,000$               

5 5$                          5
170,000$               235,000$               197,000$               

Years in the 
Future

Welded Steel 
Maintenance 

Type
Welded Steel 

Expense

Glass-Fused Bolted 
Steel Maintenance 

Type 

Glass-Fused 
Bolted Steel 

Expense

Prestressed 
Concrete 

Maintenance Type
Prestressed 

Concrete Expense
0 1,9 2,720,000$            1,9 2,585,000$            1,9 3,147,000$            
5 3,4,9 187,335$               3,4,9 255,552$               3,9 214,622$               
10 3,4,6,9 197,929$               3,4,6,9 269,302$               3,6,9 226,126$               
15 3,4,9 206,338$               3,4,9 281,476$               3,9 236,393$               
20 3,4,5,6,9 242,270$               3,4,5,6,7,9 345,147$               3,6,9 249,064$               
25 3,4,9 227,269$               3,4,9 310,029$               3,9 260,373$               
30 2,3,4,6,9 1,234,282$            3,4,6,9 326,710$               2,3,6,9 437,885$               
35 3,4,9 250,324$               3,4,9 341,478$               3,9 286,786$               
40 3,4,5,6,9 293,916$               3,4,5,6,7,9 418,723$               3,6,9 449,336$               
45 3,4,9 275,717$               3,4,9 376,118$               3,9 315,877$               
50 3,4,6,9 291,309$               3,4,6,9 396,355$               3,6,9 332,809$               
55 3,4,9 303,686$               3,4,9 414,272$               3,9 347,920$               
60 2,3,4,5,6,9 1,685,004$            3,4,5,6,7,9 490,128$               2,3,6,9 585,118$               
65 3,4,9 334,492$               3,4,9 512,513$               3,9 383,213$               
70 3,4,6,9 353,408$               3,4,6,9 500,514$               3,6,9 403,754$               
75 3,4,9 368,423$               3,4,9 502,583$               3,9 422,087$               

Present Worth Cost: 9,172,000$            8,326,000$            8,299,000$            

ft = feet
MG = million gallons
SF = square feet
$/SF = Cost per square foot

Tank 
Characteristics

Time Value

Data Description
Design Life

130
24
2.2

4.0%
3.0%

5

Replacement Investment Deposit, years
Deposit Amount

8

Type of Tank

Interior Surface Area, SF
Exterior Surface Area, SF
Interior Repainting Cost, $/SF

Repainting Cycle, years

Expenditure Costs

Cost for Replacing Web Truss7

Estimated Cost for Constructing New Tank1

Replace Sacrificial Anode, years
Cost for Replacing Sacrificial Anode
Repair Tank Wall, years
Cost for Repairing Tank Wall
Replace Web Truss on Bolted Steel Tank, years

Exterior Repainting Cost, $/SF
Reservoir Cleaning Cycle, years
Cost for Cleaning Reservoir with Divers
Check and Clean Cathodic Protection System, years
Cost to Check and Clean Cathodic Protection System4

1Includes tank foundation, materials, construction/installation, and painting only. All other project costs typical of all reservoir types (clearing and 
grubbing, fencing, yard piping, etc.) are excluded from this comparison.
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Miscellaneous Repairs, years

9

Cost for Miscellaneous Repairs

6

STORAGE RESERVOIR TYPE LIFE CYCLE COST ANALYSIS

Maintenance 
Type

2

3

Diameter, ft
Height, ft
Capacity, MG
Annual Inflation Rate
Present Worth Rate
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NEW 2.2 MG PRESTRESSED CONCRETE 

WATER STORAGE RESERVOIR 
AND SITE IMPROVEMENTS 

PRELIMINARY COST ESTIMATE

FIGURE
4-7

NO. DESCRIPTION UNIT UNIT PRICE1  ESTIMATED 
QUANTITY  TOTAL PRICE 

1 Mobilization/Demobilization LS 225,750$         All Req'd 225,750$         
2 Project Safety, Temporary Traffic Control, 

and Quality Control
LS 100,000           All Req'd 100,000           

3 Construction Survey LS 15,000             All Req'd 15,000             
4 Clearing and Grubbing ACRE 7,500               2 15,000             
5 Rehabilitate existing 1.6 Million Gallon 

(MG) Reservoir
LS            250,000 All Req'd 250,000           

6 Site Work including Excavation, 
Embankment, etc.

LS            190,000 All Req'd 190,000           

7 Reservoir Pad SY                     65 1,500 97,500             
8 2.2 MG Prestressed Concrete Reservoir GAL                  1.30 2,200,000 2,860,000        
9 18-inch Ductile Iron Reservoir Site Piping LF 240                  2,300 552,000           
10 Connect to Existing Water Line EA 2,250               3                      6,750               
11 Control Valves, Vaults, Fittings, etc. LS 180,000           All Req'd 180,000           
12 Exterior Tank Wall Painting SF 10                    10,200 102,000           
13 Appurtenances LS 55,000             All Req'd 55,000             
14 Gravel Access Drive SY 15                    600 9,000               
15 Chain Link Fence and Gates LF 30                    600 18,000             
16 Electrical Work LS 35,000             All Req'd 35,000             
17 Instrumentation and Controls LS 35,000             All Req'd 35,000             

Subtotal Estimated Construction Cost 4,746,000$      
Construction Contingency (15%) 712,000           

Total Estimated Construction Cost 5,458,000$      
Preliminary, Design, and Construction Engineering (15%) 819,000           

TOTAL ESTIMATED IMPROVEMENTS COST (2023 DOLLARS) 6,277,000$      

Other Estimated Project Costs
Oregon Health Authority Plan Review 3,300$             

General Permitting 2,700               

Subtotal Other Estimated  Project Costs (2023 Dollars) 6,000$             

TOTAL ESTIMATED PROJECT COST 6,283,000$      

1All costs shown are in 2023 dollars. Estimated project costs were prepared using methodology established by the City and City 
Engineers with reference to pre-pandemic itemized bids inflated by 4.5 percent from the referenced project bid date to year 2023. 
Total estimated project costs must be re-evaluated prior to the implementation time frame to account for inflation, supply chain 
cost escalations, contractor availability, and general market volatility. Due to the recent volatility of the market and supply chain 
shortages, actual costs may vary significantly.

CITY OF SISTERS, OREGON
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NEW 2.2 MG PRESTRESSED CONCRETE WATER STORAGE RESERVOIR 

PRELIMINARY COST ESTIMATE
(YEAR 2023 COSTS)

AND SITE IMPROVEMENTS



 

11/2/2023  Anderson Perry & Associates, Inc. 
WtrSysMstPlnUpd_Sisters_446-08.docx  Page 5-1 

Chapter 5 - Distribution System 
Introduction 

This chapter discusses the City of Sisters’ existing water distribution system, which delivers water to 
residential, commercial, and industrial users. Components of the distribution system include pipelines, 
valves, fittings, water meters, water service lines, and fire hydrants. The City's distribution system has 
been evaluated for both present and future needs. Recommended distribution system improvements 
have been developed to address existing identified deficiencies and provide future service to help meet 
both Oregon Health Authority - Drinking Water Services (DWS) requirements and Oregon Fire Code 
(OFC) fire flow requirements.  

Existing Distribution System 

The City’s water distribution system dates to the 1930s, with the majority of the City’s water lines being 
installed in the 1980s and later. The majority of the original water system was upgraded in 1993 with 
C900 polyvinyl chloride (PVC) mains. Since 1993, the City has continued replacing portions of galvanized 
and asbestos cement (AC) lines with C900 PVC. Only a few localized areas are still served by old 
undersized pipe. Currently, the City has one pressure zone. The City’s four wells pump directly into the 
distribution system. The City’s single water storage reservoir is connected to the distribution system 
through a transmission line network with one section of a single 12-inch AC pipe and a second section of 
a 12-inch PVC pipe in parallel with a 12-inch AC pipe. 

The existing distribution system layout, including fire hydrant locations and pipe size and locations, is 
shown on the Existing Water System Map included at the end of this Water System Master Plan (WSMP) 
Update. The City maintains an ArcGIS Online subscription with Esri to support the City’s mapping, 
visualization, and analysis needs. The water system mapping application, which includes location and 
attribute information of City-owned assets, is maintained and administered by Anderson Perry & 
Associates, Inc. (AP). The GIS network was utilized to create the Existing Water System Map and was 
checked for accuracy by the City’s Public Works Department. Additional information for the City’s water 
distribution system was obtained from previous WSMPs and water system improvements Record 
Drawings provided by the City.  

Piping  

The City has approximately 200,000 feet of piping in its distribution system. The distribution system 
piping consists of steel, AC, ductile iron (DI), high density polyethylene (HDPE), and PVC. Piping 
within the distribution system generally ranges from 4- to 16-inch diameter, with the majority being 
4-, 6-, 8-, 10-, and 12-inch piping. No existing fire hydrants are served by a 4-inch or smaller water 
line. A summary of majority pipe sizes and their approximate associated lengths is provided on 
Table 5-1. 
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TABLE 5-1   
WATER DISTRIBUTION SYSTEM PIPING 

Size Length (feet) Percentage 
4-inch 7,481 3.8 
6-inch 9,239 4.7 
8-inch 65,494 33.2 

10-inch 36,498 18.5 
12-inch 78,711 39.8 

Total 197,423 100 

Currently, seven buried and one suspended water line creek crossings are located throughout the 
system. One crossing on Pole Creek near the water storage reservoir consists of AC pipe installed in 
the 1960s spanning the creek diagonally. Whychus Creek has seven water line crossings consisting of 
two AC pipe under-creek crossings installed in the 1960s, three PVC and one HDPE under-creek 
crossings, and one DI bridge crossing on South Creekside Drive. 

Booster Pump Stations 

The City of Sisters does not have a booster pump station. The City is not considering installing a 
booster pump station. The only need for a booster pump station will arise if a future water storage 
reservoir is constructed below the elevation of the existing reservoir or the need arises that requires 
the creation of an additional pressure zone. 

Water Meters 

The City of Sisters’ system has approximately 2,049 water service connections as of September 2022. All 
service connections are metered. The City’s current Public Works Standards and Specifications require 
that all new meter installations include meter transceiver units (MXUs) that permit off-site meter 
reading via radio signals. Water meters will deteriorate, wear, or become damaged with time, thus 
producing inaccurate readings. Inaccurate meters tend to under-register water consumption or record 
no water use at all. Oversized meters for a customer’s level of usage will also tend to under-register 
water use. Due to the system’s non-revenue water (discussed later in this chapter), which may be in part 
the result of meter inaccuracies, the City is considering introducing a meter replacement program. The 
program would replace inaccurate meters, registers, and endpoints that have been in service for 15 or 
more years. The meter replacement program will replace old, worn-out meters with new units equipped 
with MXUs. Meters between 10 to 15 years of age will be tested, calibrated, or replaced as needed. The 
City has an active water meter testing program with an eight-bay testing bench at the Public Works 
Department headquarters. 

Following implementation of the meter replacement program, the City will monitor and replace water 
meters in the system as they fail. It is important to replace old water meters so the City continues to 
obtain accurate water usage readings and associated customer billings. The City should plan and budget 
for replacing meters based on a 20-year life. 

Distribution System Pressure 

The City of Sisters is relatively uniform in elevation and, therefore, does not have the need for separate 
pressure zones. The distribution system usually operates with system pressures between 55 and 80 pounds 
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per square inch (psi). Distribution system pressure is generally established by the level in the water 
storage reservoir, with major variations produced by friction losses in the reservoir transmission line and 
minor variations produced by friction losses in the distribution system. Discussions herein will refer to 
system baseline pressure. This is the pressure that would be experienced at any reference point in the 
system with no demand, all City wells off. This baseline pressure is the difference between the reservoir 
level and the reference point. 

Major variations in system pressure occur when the reservoir is either being filled or withdrawn from. 
This is a result of the diameter and length of the reservoir transmission line network. System pressure 
will either rise above or drop below the baseline pressure, depending on whether the reservoir 
transmission line is filling or drawing from the reservoir, respectively. 

With all City wells off, system pressure is the product of the reservoir level static head minus friction 
losses through the reservoir transmission line and distribution system. As system demand increases 
from zero, system pressure will reduce from the baseline pressure due to friction losses from the 
reservoir to the places of use. 

During periods when one or more wells are on and system demand is greater than source production, 
places of use will be drawing from a combination of well source supply and storage from the reservoir. In 
this scenario, system pressure will reduce from the baseline pressure, but less than when all wells are off. 

With one or more wells on and no system demand, system pressure will increase from the baseline 
pressure as friction losses develop due to flow in the reservoir transmission line as the reservoir is filled. 
In this scenario, system pressure will be the product of the reservoir level static head plus the friction 
losses through the reservoir transmission line. 

During periods when one or more wells are on and system demand is lower than source production, 
places of use will be drawing from well water only at the same time the reservoir is being filled. In this 
scenario, system pressure will increase from the baseline pressure, but less than when system demand 
is higher. 

This section outlines the fact that system pressure will both rise above and drop below a reference 
point’s baseline pressure depending on system demand and well operations at a given point in time. The 
highest pressures will develop when system demand is low and the reservoir is filling during well 
pumping. The lowest pressures will develop when all wells are off and system demand is high. The 
resulting variations in system pressure are high and noticeable by users. This fluctuation in pressure 
could be reduced by increasing reservoir transmission line network pipe sizes. 

Refer to the Water System Modeling section of this chapter for further discussion.  

Distribution System Water Quality  

Coliform Bacteria 

The City routinely obtains three samples each month from the distribution system and one sample 
taken at each source for analysis of total coliform and E. coli. Routine sample results are on file with 
the DWS from 1997. In the City’s distribution system, total coliforms and E. coli were absent in all 
samples to date. 
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Lead and Copper 

The City has also obtained samples from the distribution system to satisfy chemical analysis 
requirements for total lead and copper. The action levels for lead and copper are 0.015 and  
1.3 milligrams per liter (mg/L), respectively, based on the 90th percentile of 10 to 20 samples taken 
from taps throughout the distribution system. All 90th percentile sample results available through 
the DWS have been below the action level for lead or copper. Two 20-count samples taken in 
January and July 2022 resulted in 90th percentile lead concentrations of 0.0068 and 0.0017 mg/L, 
respectively. The City is currently required to perform sample rounds annually. Corrosion control 
facilities are typically only considered when the action level for either lead or copper is exceeded. 
The City’s water does not have corrosive properties. 

Disinfection Byproducts 

The City takes routine samples for disinfection byproducts that include total haloacetic acids (HAA5) 
and total trihalomethanes (TTHM). Records for both HAA5 and TTHM date back to September 2004. 
No sampling events for HAA5 or TTHM exceeded the maximum contaminant level of 0.060 mg/L and 
0.080 mg/L, respectively. HAA5 and TTHM analytical results are available on DWS’s Drinking Water 
Data Online website. Because all of the City’s water is produced by groundwater wells with very low 
levels of natural organic materials, the formation of TTHM and HAA5 is unlikely. 

Fire Protection 

General 

The City is responsible for maintaining fire hydrants within city limits, while the Sisters-Camp 
Sherman Fire District is responsible for providing fire protection within city limits. The City’s water 
distribution system supplies pressure and flow capacity in support of fire protection throughout the 
City. DWS regulations and the 2019 OFC require the entire water system maintain a minimum 20 psi 
residual pressure at all times (i.e., high demand periods, fire flow events, etc.). As discussed in 
Chapter 2, the recommended fire flow is 2,500 gallons per minute (gpm) in public facility zones, 
2,000 gpm in general commercial and light industrial zones, and 1,500 gpm in residential zones. Per 
the 2019 OFC, the existing elementary school requires a fire flow higher than 3,500 gpm due to a 
combination of floor area and building construction. However, the school is being replaced and the 
City engineer informed Anderson Perry & Associates, Inc., that the new school has a needed fire 
flow of less than 2,000 gpm. The 2017 Insurance Services Office, Inc., Public Protection Classification 
summary report included as Appendix G identified the existing elementary school area as deficient 
for available fire flow. Fire hydrant spacing was not mentioned in the memorandum. 

Generally, the City’s water system provides the City engineer-recommended fire flows to the 
majority of the City with supplemental well water. The discussion presented herein is intended to 
provide caution concerning the actual available fire flows from the City’s distribution system and fire 
hydrants. The available fire flows as calculated by the hydraulic model, assuming recommended 
improvements are in place, will continue to provide such flows as the City grows, and are discussed 
in more detail later in this chapter. 
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Fire Hydrant Flow Tests 

In January 2022, the City and the Sisters-Camp Sherman Fire District conducted fire hydrant flow 
tests on four fire hydrants in the distribution system with special instruction from AP and in 
accordance with American Water Works Association (AWWA) Manual M17. The hydrant flow test 
results are included in Appendix H for reference. Based on the hydrant flow test results, the City’s 
water system is able to deliver fire flows ranging from approximately 1,400 to 2,100 gpm, with no 
wells in operation.  

Fire Hydrant Limitations 

Field system pressures may differ from the reported pressures in the fire hydrant flow tests due to 
varying system operating conditions such as demand, reservoir levels, well pump settings, and the 
elevation and piping configuration supplying a specific fire hydrant.  

Generally, the fire flow tests are conducted by opening one fire hydrant at a time. If large enough 
main lines and system pressures are present, individual fire hydrants can typically provide flows in 
the range of 800 to 1,200 gpm from a small port and nearly 2,000 gpm from both small ports and 
the larger “pumper” port, assuming the hydrant has a large port. The system residual pressures, 
main line sizes, and looping likely dictate what fire flows are available as opposed to the physical 
limitations of the fire hydrants. To achieve the maximum flow available in an area during a fire, 
more than one fire hydrant would need to be used to approach the maximum expected main 
capacity shown by the water system computer model.  

Generally, the City’s water system is capable of providing adequate fire flows to all areas. As the City 
grows, some improvements will be necessary to maintain existing fire flow capacities. Those 
improvements are discussed later in this chapter.  

Fire Hydrant Coverage 

The OFC outlines maximum recommended fire hydrant spacing depending on several factors, such 
as fire flow requirements of the area, the number of fire hydrants in the area, if the area is on a 
dead-end street or has limited access, etc. As required by the 2019 OFC, the maximum spacing 
between any two hydrants for a fire flow requirement of 1,750 gpm or less is 500 feet, and as little 
as 350 feet for a fire flow requirement of 3,500 to 4,000 gpm. The maximum required distance from 
any point of a street or road frontage to a hydrant is 250 feet for 1,750 gpm or less and 210 feet for 
3,500 to 4,000 gpm.  

The Sisters-Camp Sherman Fire District takes responsibility for fire hydrant coverage and informs the 
City’s Public Works Department of any areas that need additional fire hydrants. No areas have been 
identified by the Fire District as needing additional fire hydrants at this time. Fire hydrant spacing 
was not determined as part of this WSMP Update effort.  

Theoretical Fire Flows 

In some cases, the available flow from a fire hydrant is calculated using a theoretical formula. The 
formula assumes the water supply “feeding” the tested area is generally not limited and the 20 psi 
residual pressure resulting from the fire flow occurs where the hydrants are being tested. In reality, 
there are likely other connections in the distribution system, such as users in the City on small 
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diameter main lines or at higher elevation areas, that would fall below 20 psi sooner than the 
formula predicts. Considering this, the theoretical formula can overestimate available fire flows at 
20 psi. The hydraulic computer modeling completed as part of this WSMP Update, as discussed later 
in this chapter, will present more accurate available fire flows than theoretical formulas would. 

Water System Modeling 

General 

A computer hydraulic model evaluates distribution system pressure and flows during a simulated 
water use demand scenario. As part of this WSMP Update, a detailed computer hydraulic water 
model of the City’s water system was utilized to analyze system pressures, and available fire flows 
from the City’s distribution system. A general description and the results of each computer run 
performed for both the existing and improved water systems are discussed herein.  

Available system fire flows are determined under maximum daily demand (MDD) conditions. 
Hydraulic computation of system fire flows does not evaluate individual hydrant capacities but 
indicates the maximum flow the system can provide to a specific location while maintaining a 
minimum residual pressure of 20 psi to all points of delivery. Typical water system demands used for 
the computer model include the peak hourly demand (PHD), the MDD, and fire flow demands 
discussed herein and in Chapter 2.  

The computer model also utilizes detailed information about the distribution system pipes. Each 
individual pipe was assigned a roughness coefficient based on the pipe material (PVC, DI, AC, steel, 
etc.). This allows the water model program to calculate water main line pressure losses under any 
demand condition desired, including fire flow analyses. Junctions were identified in the water model 
that allowed the model to compute where and at what elevation pipe intersections occur. Water 
demands can then be placed on the distribution system at each junction to simulate PHD or MDD 
use demands. 

Calibration Model Development 

The water model for this WSMP Update was developed using the Innovyze InfoWater Pro 2023.3 
modeling software. The model utilized a GIS geodatabase exported from the ArcGIS Online 
subscription that the City maintains with Esri. This geodatabase provided pipe locations, length, size, 
and material for the entire distribution system including well and reservoir transmission lines. The 
reservoir was modeled using parameters from the Record Drawings. Each of the City’s four wells 
was modeled using available data, which included the approximate water level of the aquifer and 
well pump curves and set points provided by the City. Elevations were assigned to all near ground-
level facilities using publicly available light detection and ranging (LiDAR) data available through the 
Oregon Department of Geology and Mineral Industries, Oregon LiDAR Consortium. 

The model was calibrated using fire hydrant test with all wells shut off, simulating flow from the 
reservoir only.  Pipe roughness coefficients were adjusted until the simulated static and residual 
pressures at a specific location best matched those reported in the January 2022 fire hydrant flow 
tests (refer to Appendix H). The calibrated model simulates field-observed conditions within 
10 percent of field-tested fire flow data. The best fit model was developed by applying Hazen-



City of Sisters, Oregon 
Water System Master Plan Update Chapter 5 

11/2/2023  Anderson Perry & Associates, Inc. 
WtrSysMstPlnUpd_Sisters_446-08.docx   Page 5-7 

Williams roughness coefficients ranging from 125 and 150. The roughness coefficient of 125 was used 
for AC transmission lines, which had the greatest effect on model results. 

Model Water Demands 

System water demands for years 2020, 2022, and 2042 were derived from the design criteria 
presented in Chapter 2. Demands for specific service accounts were not provided for this WSMP 
Update. Therefore, demands for each scenario were distributed evenly throughout the distribution 
system at junctions representing tees and crosses. These locations are referred to as “Demand 
Nodes” in the model. Demand was removed from junctions in close proximity on a case by case 
basis to prevent high concentrations of demand from being applied in localized areas within the 
model.  

Five demand scenarios were modeled:  

1. Base year 2020 with average daily demand (ADD) 

2. Existing year 2022 with PHD 

3. Existing year 2022 with MDD 

4. Planning year 2042 with PHD 

5. Planning year 2042 with MDD 

Available fire flow was determined for each hydrant lateral for MDD scenarios and compared with 
recommended fire flow based on the underlying zone. The demand conditions used in modeling the 
system are described on Table 5-3. 

TABLE 5-3   
WATER MODEL SYSTEM DEMAND SCENARIOS 

Demand Scenario 

System 
Demand 

(gpm) 

Junction 
Demand1 

(gpm) 
2020 ADD 670 2.38 
2022 PHD 3,428 12.16 

2022 MDD with NFF 2,050 7.27 
2042 PHD 6,745 23.92 

2042 MDD with NFF 4,120 14.61 
1Demand applied to each of the 282 “Demand Node” junctions. 

Model Scenarios 

2020 Calibration Scenario - Average Daily Demand with Hydrant Tests 

The calibration model was used as the base model. The year 2020 ADD was distributed evenly 
throughout the model. The reservoir level was set to 20 feet above finish floor, and all wells 
were set to off. The static and residual pressures at each of the four hydrant locations were 
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analyzed by applying the measured test flow to the specific junction representing the hydrant. 
Pipe roughness coefficients were adjusted until static and residual pressures at each location 
were within 10 percent of the measured tests. 

2022 Peak Hourly Demand - System Pressure 

The 2020 calibration model above was used as the base model. The 2022 PHD was distributed 
evenly throughout the model. The reservoir level was set to 17.0 feet above finish floor to 
represent a level indicative of the low operating level just prior to the well pumps being called to 
run. All four wells were set with an initial condition of off and pressure-dependent start and stop 
set points provided by the City representing current operations. The modeled results were 
evaluated for residual system pressure at all locations of delivery. 

2022 Maximum Daily Demand - Available Fire Flow 

The 2020 calibration model above was used as the base model. The 2022 MDD was distributed 
evenly throughout the model. The reservoir level was set to 12.6 feet above finish floor to 
represent a level indicative of the emergency reserve level. Well No. 3 was set to off to 
represent the largest producing source offline. The remaining wells were set with an initial 
condition of off and pressure-dependent start and stop set points provided by the City 
representing current operations. Available fire flow was determined at the location of all 
hydrant laterals. Available fire flow represents the maximum flow that the system can deliver to 
a specific location while maintaining a minimum residual pressure of 20 psi throughout the 
system at all places of delivery during the MDD. 

2042 Scenario 1 Peak Hourly Demand - System Pressure 

The 2020 calibration model above was updated with planned main line improvements including  
the Creekside Drive Extension, Edgington Road Transmission Line Extension, and the reservoir to 
Whychus Creek Tee Transmission Line Replacement with Upsizing. The transmission line from 
the Whychus Creek tee to the city limits near Well No. 1 was removed to represent a scenario 
where this line was removed from service. The 2042 PHD was distributed evenly throughout the 
model. The reservoir level was set to 12.6 feet above finish floor to represent a level indicative 
of the emergency reserve level. All Wells were set with an initial condition of off and pressure-
dependent start and stop set points provided by the City representing current operations. The 
modeled results were evaluated for residual system pressure at all locations of delivery. 

2042 Scenario 2 Peak Hourly Demand - System Pressure 

The 2042 Scenario 1 PHD model above was updated with a transmission line replacement from 
the Whychus Creek tee to the city limits near Well No. 1, a new Well No. 5 with a capacity of 
1,670 gpm, and a low pressure start set point of 42 psi. The modeled results were evaluated for 
residual system pressure at all locations of delivery. This scenario represents conditions where 
all recommended improvements projects are complete. 

2042 Scenario 1 Maximum Daily Demand - Available Fire Flow 

The 2042 Scenario 1 PHD model above was used as the base model. The 2042 MDD was 
distributed evenly throughout the model. Well No. 3 was set to off to represent the largest 
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producing source offline. Available fire flow was determined at the location of all hydrant 
laterals. 

2042 Scenario 2 Maximum Daily Demand - Available Fire Flow 

The 2042 Scenario 2 PHD model above was used as the base model. The 2042 MDD was 
distributed evenly throughout the model. Well No. 3 was set to off to represent the largest 
producing source offline. Available fire flow was determined at the location of all hydrant 
laterals. 

Model Results 

System Pressure 

The following paragraphs address system pressures under various demand and improvement 
scenarios.  

2022 Peak Hourly Demand - Residual System Pressures 

The system pressure ranges under the 2022 PHD demand scenario are presented on  
Figure 5-1. The system provides pressures ranging from approximately 51 to 91 psi. The City 
has adequate pressure to meet DWS regulations, and improvements are not required to 
provide additional pressure to the system under this scenario. In this scenario, it was 
observed that low pressure set points called Wells No. 2, 3, and 4 to run. The pressures 
shown on Figure 5-1 represent residual system pressure with Wells No. 2, 3, and 4 being on, 
and Well No. 1 being off.  

2042 Scenario 1 Peak Hourly Demand - Residual System Pressure 

The system pressures under the 2042 Scenario 1 PHD demand scenario are presented on 
Figure 5-2. This scenario incorporates the 16-inch transmission line extension from the 
reservoir to city limits on Edgington Road and the replacement of the existing 12-inch AC 
transmission line from the reservoir to the Whychus Creek tee with 16-inch DI pipe. As 
shown on Figure 5-2, the system provides pressures ranging from approximately 42 to 
82 psi. In this scenario, it was observed that Wells No. 2, 3, and 4 were all called to run by 
their low pressure set points. Assuming the transmission line upgrades included in this 
scenario have been completed, the City has adequate pressure to meet DWS regulations 
through the planning year, and additional improvements are not required to provide 
additional pressure to the system. 

2042 Scenario 2 Peak Hourly Demand - Residual System Pressure 

The system pressures under the 2042 Scenario 2 PHD demand scenario are presented on 
Figure 5-3. This scenario incorporates all improvements included in Scenario 1 with the 
addition of a new Well No. 5 and a transmission line replacement from the Whychus Creek 
tee to city limits near Well No. 1. As shown on Figure 5-3, the system provides pressures 
ranging from approximately 45 to 85 psi. In this scenario, it was observed that Wells No. 2, 
3, and 4 were all called to run by their low pressure set points. 
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Fire Flows 

Available fire flows were evaluated at each fire hydrant to help calculate the water system’s 
ability to deliver flow to that node while maintaining a residual pressure of 20 psi at all other 
places of delivery in the distribution system. Many fire nodes have available fire flows greater 
than the associated hydrant can provide. As discussed previously in this chapter, typically 
multiple hydrants are needed to withdraw the total available fire flow. The available fire flow 
presented here implies the water system’s ability to deliver the indicated flow to a general area 
and not specific capacities of individual hydrants. 

Available Fire Flow at 2022 Maximum Daily Demand 

Figure 5-4 shows the available fire flow at existing fire nodes under the 2022 MDD. As 
shown on Figure 5-4, available fire flows at fire nodes range from approximately 750 gpm to 
more than 3,500 gpm. 

Available Fire Flow at 2042 Maximum Daily Demand Scenario 1 

Figure 5-5 shows the available fire flow at existing fire nodes under the 2042 MDD with the 
recommended improvements (not including a new Well No. 5) and assuming the 
transmission line from the Whychus Creek tee to city limits near Well No. 1 is offline.  As 
shown on Figure 5-5, available fire flows at fire nodes range from approximately 1,450 gpm 
to more than 3,500 gpm. 

Available Fire Flow at 2042 Maximum Daily Demand Scenario 2 

Figure 5-6 shows the available fire flow at fire nodes under the 2042 MDD with the addition 
of a new Well No. 5 and the transmission line replacement from the Whychus Creek tee to 
city limits near Well No. 1.  As shown on Figure 5-6, available fire flows at fire nodes range 
from approximately 1,500 gpm to more than 3,500 gpm. 

Limitations of Distribution Water Model Results 

Available fire flows reported from the water model analysis indicate theoretical distribution 
system piping capacity. Actual field conditions and headloss in fire hydrants may reduce fire 
flows beyond what is indicated. Additionally, full capacity hydrant tests may be needed to verify 
available flows greater than 2,000 gpm because the theoretical fire flows modeled depend on 
system pressure to drop to an extent that multiple well pumps are called to run, which provide 
supplemental water and increase system capacity. Single hydrant tests that utilize the AWWA 
M17 method will not account for additional capacity provided by wells that pump directly into 
the distribution system when called to run. 

Recommended Distribution System Improvements 

The following provides a summary of model results observed for various components of the 
proposed system improvements presented in Chapters 3, 4, and 5. It is important that proposed 
water supply, storage, and distribution system improvements are modeled together. This helps to 
verify future system operation and avoids potential oversizing of some system components without 
accounting for improvements in other areas of the system. The discussion below is intended to 
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focus on system performance measures associated with specific water supply, storage, or 
distribution system improvements.  

New 12-inch and 16-inch Transmission Lines 

During the development and evaluation of water model scenarios, it was determined that under 
the 2042 MDD, the existing distribution system is not able to provide the recommended fire 
flows to industrial, commercial, and public facility zones. The available fire flows declined with 
increased demand and fell below 2,000 gpm systemwide as demands approached the 
2042 MDD. During development and evaluation of the year 2042 available fire flow scenarios, it 
was determined that either an additional transmission line would be needed or the existing 
transmission lines would need to be replaced with larger diameter pipes. Through discussions 
with City staff, the preferred alternative was determined to be to construct a new transmission 
line aligned on Edgington Road. A new transmission line would provide system redundancy, 
increased flow capacity to the west side of the City where higher fire flows are recommended, 
and add the ability to stage other transmission line improvement projects with the reservoir 
online. It is also recommended that the existing 12-inch AC transmission lines be replaced with 
DI pipe, due to age and the risk of being damaged from uprooting by encroaching tree roots. 

The hydraulic modeling exercise showed that if all of the above recommended transmission line 
improvements were complete, using 12-inch pipe would effectively provide the recommended 
fire flow through year 2042. However, to continue to operate the system while staging 
improvements where one or more sections of transmission line may be offline, add a degree of 
redundancy, and allow for future growth beyond the 20-year horizon, it is recommended that 
the Edgington Road extension and a portion of AC pipe replacement from the reservoir to the 
Whychus Creek tee junction use 16-inch pipe.  At the lower portion of AC pipe replacement 
below the Whychus Creek tee junction where a newer portion of parallel 12-inch PVC 
transmission line exists, a 12-inch pipe would suffice. It is recommended that all sections added 
or replaced in forested areas utilize DI pipe to mitigate susceptibility to damage caused by 
wildfires. When wildfires burn over areas with PVC pipe, the ground can become hot enough 
that the PVC pipe melts and allows chemicals to be released into the water system, which can 
cause contamination requiring a complete replacement of melted pipe. This hazard would be 
mitigated by utilizing DI pipe. 

It is recommended the Edgington Road extension be completed first to allow the other portions 
of work to be completed with the reservoir online, followed by the reservoir to Whychus Creek 
tee junction. 

Replacement of Aging Water Lines 

The City of Sisters’ distribution system has been well-maintained, and improvements replacing 
old pipe with new PVC since the year 2000 have resulted in the majority of the distribution 
system having a sufficient remaining useful life. Older piping in the system consisting of AC and 
steel was installed in the 1960s. Existing steel pipe is approaching the end of its original useful 
life while AC pipe is inherently brittle, with special training and equipment needed to repair or 
tap such lines. The City should plan on replacing any remaining sections of AC pipe within the 
20-year planning period of this WSMP Update. The remaining steel pipes should be monitored 
for corrosion and leaks by the City, as this can lead to water quality issues. Two additional areas 
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of AC pipe aside from the 12-inch transmission lines discussed previously are identified as 
follows: 

1. The 12-inch distribution main on South Elm Street from East Tyee Drive to East Hood 
Avenue. 

2. Multiple 4-inch AC lines within the Edge O The Pines subdivision from East Cascade 
Avenue to East Black Butte Avenue on North Locust Lane, North Maple Lane, and North 
Tamarack Street. When replaced, these lines should be upsized to 8-inch PVC. 

Undersized Main Lines 

Undersized main lines with diameters of 6 inches or less in a distribution system can cause 
problems with system capacity, pressures, and water quality. Undersized mains can become a 
particular problem in industrial and commercial areas where higher fire flows are required. A 
minimum water line size of 8-inch diameter is recommended for new water main installations in 
residential areas. Large residential, commercial, or industrial developments may require larger 
pipe sizes depending on specific development needs.  

For the purposes of this WSMP Update, undersized main lines have been identified as those that 
do not allow the recommended fire flow capacity at existing fire hydrants and the minimum 
pressure criteria as shown on Figure 2-1 in Chapter 2. The only undersized main line resulting in 
inadequate fire flow capacities is a 2,550 linear foot line providing water to the wastewater 
treatment plant pump station. 

Dead-End Main Lines and Internal Looping 

Similar to undersized main lines, dead-end main lines in a distribution system can cause 
problems with fire flow capacity, pressures, and water quality. The City’s distribution system is 
well-looped and only a few dead-end main lines exist. It is difficult to eliminate all dead-end 
main lines from a system. Physical limitations, such as stream crossings and undeveloped land, 
or other limitations, such as no customers in the area, can result in dead-end lines. It is 
recommended that lines be continuously looped to the extent possible as expansion occurs or 
physical constraints allow. 

Providing additional looping would benefit two locations within the system through increasing 
water circulation and available fire flow. These were incorporated in the 2042 water model 
scenarios as follows: 

1. The 12-inch PVC on Camp Polk Road from East Barclay Drive to Sun Ranch Drive. 

2. The 12-inch PVC along the city limits from East Desperado Trail to Creekside Drive. 

Meter Replacements 

Most of the City’s water service meters are located within the landscaping strip or the back of 
the sidewalk on property frontages tapped from adequately sized mains. One location remains 
on Hood Avenue Alley where older meters are on an undersized 4-inch steel main line. It is 
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recommended the 4-inch alley main line be abandoned and these meters be replaced with new 
facilities on West Hood Avenue and West Washington Avenue. 

Recommended Distribution System Improvements Summary and Estimated Total 
Project Cost 

Chapter 6 summarizes each recommended water system capital improvements project with figures 
showing the location, extent, and priority of each. Presented hereafter is a summary and cost estimate 
for each recommended distribution system project. 

Edge O The Pines Main Replacements 

This project will include replacing approximately 3,850 linear feet (LF) of 4-inch AC main lines from 
East Cascade Avenue to East Black Butte Avenue on North Locust Lane, North Maple Lane, and 
North Tamarack Street. The new lines will be upsized to 8-inch PVC, and asphalt surface will be 
required in paved areas. The anticipated year 2023 project cost is $1,567,000. A detailed cost 
estimate is presented on Figure 5-7. 

Edgington Road Transmission Line Extension 

This project will include installing approximately 12,100 LF of 16-inch PVC pipe. Butterfly valves will 
be spaced no more than 1,000 LF apart. The location of the new installation will be along Edgington 
Road from the reservoir connection point to city limits near the middle and high schools. The 
installation cost assumes the full depth of backfill is Class B backfill. The anticipated year 2023 
project cost is $3,635,000. A detailed cost estimate is presented on Figure 5-8. 

Reservoir to Whychus Creek Junction Transmission Line Replacement 

This project will include installing approximately 5,425 LF of 16-inch DI pipe. Butterfly valves will be 
spaced no more than 1,000 LF apart. The location of the new installation will be parallel to the 
existing 12-inch AC pipe. The installation cost assumes Class B backfill will be placed to 1 foot above 
the top of pipe with the remaining backfill material being unprocessed Class A native material. The 
anticipated year 2023 project cost is $1,466,000. A detailed cost estimate is presented on Figure 5-9. 

Whychus Creek Junction to West Hood Avenue Transmission Line Replacement 

This project will include installing approximately 6,910 LF of 12-inch DI pipe from the Whychus Creek 
junction to the city limits with Class A native backfill from 1 foot above the top of the pipe and 
2,300 LF of 12-inch PVC pipe from the city limits to West Hood Avenue with full depth Class B 
backfill. Butterfly valves will be spaced no more than 1,000 LF apart. The project crosses areas of 
mapped wetlands and waterways and, therefore, will likely require a temporary stream channel 
diversion, waterway enhancement, and riparian plantings. Asphalt surface restoration will be 
required in areas of existing pavement. The anticipated year 2023 project cost is $2,504,000. A 
detailed cost estimate is presented on Figure 5-10. 

Creekside Drive Extension 

This project will include installing approximately 1,160 LF of 12-inch PVC pipe from the end of South 
Creekside Drive to Desperado Trail. The extension crosses both Highway 126 and Highway 20, which 
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will likely require trenchless pipe installation by boring or jacking. Fire hydrants will be spaced no 
more than 500 feet apart. The anticipated year 2023 project cost is $654,000. A detailed cost 
estimate is presented on Figure 5-11. 

Hood Avenue South Alley Service Reconnections 

This project will include relocating six water services on Hood Avenue Alley between Pine Street and 
Ash Street with new meters. The work will include tapping of mains, new water service lines, new 
meter assemblies and valve boxes, and various types of surface restoration. The anticipated year 
2023 project cost is $103,000. A detailed cost estimate is presented on Figure 5-12. 

Camp Polk Road Extension 

This project will include installing approximately 825 LF of 12-inch PVC pipe on Camp Polk Road from 
East Barclay Drive to Sun Ranch Drive. The anticipated year 2023 project cost is $319,000. A detailed 
cost estimate is presented on Figure 5-13. 

Maintenance Records 

One of the important operational functions regarding the City’s distribution system is to keep accurate 
records of various system components. Currently, the City does not have an asset management system 
in place to assist with recordkeeping and maintenance task scheduling but does keep all records 
electronically. Recordkeeping becomes increasingly valuable as time passes in terms of planning future 
improvements and replacing old or deteriorated components. It is recommended the City continue to 
keep and improve upon recordkeeping. For example, accurate records should be kept on all water 
meters installed so, in the future, these meters can be periodically pulled, checked for accuracy, and 
replaced as needed. The City should continue to keep records of all hydrants, valves, and other 
distribution system components. The distribution system evaluation in this WSMP Update did not 
include determining existing fire hydrant, valve, and water meter condition. Hydrants should be 
checked, at least annually, for proper operation, and all water valves should be exercised, at least 
annually, with records kept on the operating condition, location, etc.  

Summary 

In general, the City’s distribution system is in good condition and areas within the system have been 
identified for expansion and improvement as industrial and commercial growth occurs. Few areas were 
identified to have undersized and dead-end water lines. The City’s existing system relies heavily on 
supplemental well water to provide recommended fire flow in conjunction with stored water. After 
completing the recommended improvements, the City’s water system will have almost no aging lines or 
undersized mains and should be able to provide recommended fire flow throughout the City through the 
planning year and beyond.  















CITY OF
SISTERS, OREGON

WATER SYSTEM MASTER PLAN UPDATE
EDGE O THE PINES 

MAIN REPLACEMENTS 
PRELIMINARY COST ESTIMATE

FIGURE
5-7

NO. DESCRIPTION UNIT UNIT PRICE1  ESTIMATED 
QUANTITY  TOTAL PRICE 

1 Mobilization/Demobilization LS 51,500$           All Req'd 51,500$           
2 Project Safety, Temporary Traffic Control, 

and Quality Control
LS 65,000             All Req'd 65,000             

3 Construction Survey LS 12,000             All Req'd 12,000             
4 Water Service Meter Assembly EA 2,250               110 247,500           
5 Water Service Line LF 30                    1,650 49,500             
6 Water Service Line Tap EA 350                  110 38,500             
7 Install 8-inch Polyvinyl Chloride Water 

Line
LF 135                  3,850 519,750           

8 Trench Resurfacing in Existing Asphalt 
Concrete Pavement (Full Lane 
Restoration)

TON 130                  1,200 156,000           

9 Connect to Existing Pipe EA 3,000               12 36,000             
10 Fire Hydrant Assembly EA 6,500               1 6,500               

Subtotal Estimated Construction Cost 1,182,250$      
Construction Contingency (15%) 177,000           

Total Estimated Construction Cost 1,359,250$      
Preliminary, Design, and Construction Engineering (15%) 204,000           

TOTAL ESTIMATED IMPROVEMENTS COST (2023 DOLLARS) 1,563,250$      

Other Estimated Project Costs
Oregon Health Authority Plan Review 3,300$             

Subtotal Other Estimated  Project Costs (2023 Dollars) 3,300$             

TOTAL ESTIMATED PROJECT COST 1,567,000$      

1All costs shown are in 2023 dollars. Estimated project costs were prepared using methodology established by the City and City 
Engineers with reference to pre-pandemic itemized bids inflated by 4.5 percent from the referenced project bid date to year 2023. 
Total estimated project costs must be re-evaluated prior to the implementation time frame to account for inflation, supply chain cost 
escalations, contractor availability, and general market volatility. Due to the recent volatility of the market and supply chain 
shortages, actual costs may vary significantly.

CITY OF SISTERS, OREGON
WATER SYSTEM MASTER PLAN UPDATE

EDGE O THE PINES MAIN REPLACEMENTS
PRELIMINARY COST ESTIMATE

(YEAR 2023 COSTS)



CITY OF
SISTERS, OREGON

WATER SYSTEM MASTER PLAN UPDATE
EDGINGTON ROAD TRANSMISSION 

LINE EXTENSION
PRELIMINARY COST ESTIMATE

FIGURE
5-8

NO. DESCRIPTION UNIT UNIT PRICE1  ESTIMATED 
QUANTITY  TOTAL PRICE 

1 Mobilization/Demobilization LS 133,300$         All Req'd 133,300$         
2 Project Safety, Temporary Traffic Control, 

and Quality Control
LS 30,000             All Req'd 30,000             

3 Construction Survey LS 20,000             All Req'd 20,000             
4 Clearing and Grubbing ACRE 500                  4 2,000               
5 Connect to Existing Water Line EA 3,500               2                      7,000               
6 Install 16-inch Polyvinyl Chloride Water LF 200                  12,100             2,420,000        
7 16-inch Butterfly Valve EA 4,500               13                    58,500             
8 Fire Hydrant Assembly EA 6,500               2                      13,000             
9 Gravel Surface Restoration TON 20                    3,110               62,200             

Subtotal Estimated Construction Cost 2,746,000$      
Construction Contingency (15%) 412,000           

Total Estimated Construction Cost 3,158,000$      
Preliminary, Design, and Construction Engineering 15%) 474,000           

TOTAL ESTIMATED IMPROVEMENTS COST (2023 DOLLARS) 3,632,000$      

Other Estimated Project Costs
Oregon Health Authority Plan Review 3,300$             

Subtotal Other Estimated  Project Costs (2023 Dollars) 3,300$             

TOTAL ESTIMATED PROJECT COST 3,635,000$      

1All costs shown are in 2023 dollars. Estimated project costs were prepared using methodology established by the City and City 
Engineers with reference to pre-pandemic itemized bids inflated by 4.5 percent from the referenced project bid date to year 2023. 
Total estimated project costs must be re-evaluated prior to the implementation time frame to account for inflation, supply chain 
cost escalations, contractor availability, and general market volatility. Due to the recent volatility of the market and supply chain 
shortages, actual costs may vary significantly.
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CITY OF
SISTERS, OREGON

WATER SYSTEM MASTER PLAN UPDATE
RESERVOIR TO WHYCHUS CREEK JUNCTION 

TRANSMISSION LINE REPLACEMENT 
PRELIMINARY COST ESTIMATE

FIGURE
5-9

NO. DESCRIPTION UNIT UNIT PRICE1  ESTIMATED 
QUANTITY  TOTAL PRICE 

1 Mobilization/Demobilization LS 48,700$           All Req'd 48,700$           
2 Project Safety, Temporary Traffic Control, 

and Quality Control
LS 30,000             All Req'd 30,000             

3 Construction Survey LS 20,000             All Req'd 20,000             
4 Clearing and Grubbing ACRE 7,500               2.5                   18,750             
5 Connect to Existing Water Line EA 3,500               3                      10,500             
6 Install 16-inch Ductile Iron Water Line LF 170                  5,425               922,250           
7 16-inch Butterfly Valve EA 4,500               6                      27,000             
9 Seeding, Fertilizing, and Mulching ACRE 3,500               2.8                   9,800               

Subtotal Estimated Construction Cost 1,087,000$      
Construction Contingency (15%) 163,000           

Total Estimated Construction Cost 1,250,000$      
Preliminary, Design, and Construction Engineering 15%) 188,000           

TOTAL ESTIMATED IMPROVEMENTS COST (2023 DOLLARS) 1,438,000$      

Other Estimated Project Costs
Oregon Health Authority Plan Review 3,300$             

25,000             

Subtotal Other Estimated  Project Costs (2023 Dollars) 28,300$           

TOTAL ESTIMATED PROJECT COST 1,466,000$      

1All costs shown are in 2023 dollars. Estimated project costs were prepared using methodology established by the City and City 
Engineers with reference to pre-pandemic itemized bids inflated by 4.5 percent from the referenced project bid date to year 2023. 
Total estimated project costs must be re-evaluated prior to the implementation time frame to account for inflation, supply chain 
cost escalations, contractor availability, and general market volatility. Due to the recent volatility of the market and supply chain 
shortages, actual costs may vary significantly.

Wetland Delineation, Stream Function Assessment 
Method, and Joint Permit Application

CITY OF SISTERS, OREGON
WATER SYSTEM MASTER PLAN UPDATE
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TRANSMISSION LINE REPLACEMENT

PRELIMINARY COST ESTIMATE
(YEAR 2023 COSTS)



CITY OF
SISTERS, OREGON

WATER SYSTEM MASTER PLAN UPDATE
WHYCHUS CREEK JUNCTION TO WEST 

HOOD AVENUE TRANSMISSION LINE 
REPLACEMENT PRELIMINARY 

COST ESTIMATE

FIGURE
5-10

NO. DESCRIPTION UNIT UNIT PRICE1  ESTIMATED 
QUANTITY  TOTAL PRICE 

1 Mobilization/Demobilization LS 80,500$           All Req'd 80,500$           
2 Project Safety, Temporary Traffic Control, 

and Quality Control
LS 130,000           All Req'd 130,000           

3 Construction Survey LS 15,000             All Req'd 15,000             
4 Clearing and Grubbing ACRE 7,500               4                      30,000             
5 Asphalt Pavement Sawcutting LF 2                      4,600               9,200               
6 Connect to Existing Water Line EA 2,000               13                    26,000             
7 12-inch Ductile Iron Water Line LF 130                  6,910               898,300           
8 12-inch Polyvinyl Chloride Water Line LF 160                  2,300               368,000           
9 Temporary Stream Channel Diversion LS 30,000             All Req'd 30,000             
10 Waterway Enhancement LS 60,000             All Req'd 60,000             
11 Riparian Plantings LS 30,000             All Req'd 30,000             
12 Seeding, Fertilizing, and Mulching ACRE 3,500               3                      10,500             
13 Trench Resurfacing in Existing Asphalt 

Concrete Pavement (Full Lane 
Restoration)

TON 130                  700                  91,000             

14 12-inch Butterfly Valve EA 3,000               19                    57,000             
15 Fire Hydrant Assembly EA 6,500               1                      6,500               

Subtotal Estimated Construction Cost 1,842,000$      
Construction Contingency (15%) 276,000           

Total Estimated Construction Cost 2,118,000$      
Preliminary, Design, and Construction Engineering (15%) 318,000           

TOTAL ESTIMATED IMPROVEMENTS COST (2023 DOLLARS) 2,436,000$      

Other Estimated Project Costs
Oregon Health Authority Plan Review 3,300$             

65,000             

Subtotal Other Estimated  Project Costs (2023 Dollars) 68,300$           

TOTAL ESTIMATED PROJECT COST 2,504,000$      

1All costs shown are in 2023 dollars. Estimated project costs were prepared using methodology established by the City and City 
Engineers with reference to pre-pandemic itemized bids inflated by 4.5 percent from the referenced project bid date to year 2023. 
Total estimated project costs must be re-evaluated prior to the implementation time frame to account for inflation, supply chain 
cost escalations, contractor availability, and general market volatility. Due to the recent volatility of the market and supply chain 
shortages, actual costs may vary significantly.

Wetland Delineation, Stream Function Assessment 
Method, and Joint Permit Application

CITY OF SISTERS, OREGON
WATER SYSTEM MASTER PLAN UPDATE

WHYCHUS CREEK JUNCTION TO WEST HOOD AVENUE

PRELIMINARY COST ESTIMATE
(YEAR 2023 COSTS)

TRANSMISSION LINE REPLACEMENT



CITY OF
SISTERS, OREGON

WATER SYSTEM MASTER PLAN UPDATE

CREEKSIDE DRIVE EXTENSION 
PRELIMINARY COST ESTIMATE

FIGURE
5-11

NO. DESCRIPTION UNIT UNIT PRICE1  ESTIMATED 
QUANTITY  TOTAL PRICE 

1 Mobilization/Demobilization LS 22,500$           All Req'd 22,500$           
2 Project Safety, Temporary Traffic Control, 

and Quality Control
LS 35,000             All Req'd 35,000             

3 Construction Survey LS 6,000               All Req'd 6,000               
4 Connect to Existing Water Line EA 3,500               2                      7,000               
5 Install 12-inch Polyvinyl Chloride Water 

Line
LF 160                  1,160 185,600           

6 Boring Tool Setup EA 40,000             2 80,000             
7 Highway Jack, Bore, Casing, and Ductile 

Iron Pipe
LF 725                  180 130,500           

8 Fire Hydrant Assembly EA 6,500               2                      13,000             
9 12-inch Butterfly Valves EA 3,000               3                      9,000               
10 Surface Restoration SY 10                    140                  1,400               

Subtotal Estimated Construction Cost 490,000$         
Construction Contingency (15%) 74,000             

Total Estimated Construction Cost 564,000$         
Preliminary, Design, and Construction Engineering (15%) 85,000             

TOTAL ESTIMATED IMPROVEMENTS COST (2023 DOLLARS) 649,000$         

Other Estimated Project Costs
Oregon Health Authority Plan Review 3,300$             

General Permitting 2,000               

Subtotal Other Estimated  Project Costs (2023 Dollars) 5,300$             

TOTAL ESTIMATED PROJECT COST 654,000$         

1All costs shown are in 2023 dollars. Estimated project costs were prepared using methodology established by the City and City 
Engineers with reference to pre-pandemic itemized bids inflated by 4.5 percent from the referenced project bid date to year 2023. 
Total estimated project costs must be re-evaluated prior to the implementation time frame to account for inflation, supply chain 
cost escalations, contractor availability, and general market volatility. Due to the recent volatility of the market and supply chain 
shortages, actual costs may vary significantly.
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CITY OF
SISTERS, OREGON

WATER SYSTEM MASTER PLAN UPDATE
HOOD AVENUE SOUTH ALLEY 

SERVICE RECONNECTIONS
PRELIMINARY COST ESTIMATE

FIGURE
5-12

NO. DESCRIPTION UNIT UNIT PRICE1  ESTIMATED 
QUANTITY  TOTAL PRICE 

1 Mobilization/Demobilization LS 2,100$             All Req'd 2,100$             
2 Project Safety, Temporary Traffic Control, 

and Quality Control
LS 35,000             All Req'd 35,000             

3 Construction Survey LS 3,500               All Req'd 3,500               
4 Water Service Meter Assembly EA 2,250               6 13,500             
5 Water Service Line LF 30                    360 10,800             
6 Water Service Line Tap EA 350                  6 2,100               
7 Cap Existing Tee EA 1,500               2 3,000               
8 Asphalt, Curb, and Sidewalk Repair EA 600                  6 3,600               
9 Surface Restoration SY 20                    120 2,400               

Subtotal Estimated Construction Cost 76,000$           
Construction Contingency (15%) 11,000             

Total Estimated Construction Cost 87,000$           
Preliminary, Design, and Construction Engineering (15%) 13,000             

TOTAL ESTIMATED IMPROVEMENTS COST (2023 DOLLARS) 100,000$         

Other Estimated Project Costs
Oregon Health Authority Plan Review 825$                

General Permitting 2,000               

Subtotal Other Estimated  Project Costs (2023 Dollars) 2,825$             

TOTAL ESTIMATED PROJECT COST 103,000$         

1All costs shown are in 2023 dollars. Estimated project costs were prepared using methodology established by the City and City 
Engineers with reference to pre-pandemic itemized bids inflated by 4.5 percent from the referenced project bid date to year 2023. 
Total estimated project costs must be re-evaluated prior to the implementation time frame to account for inflation, supply chain 
cost escalations, contractor availability, and general market volatility. Due to the recent volatility of the market and supply chain 
shortages, actual costs may vary significantly.
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CITY OF
SISTERS, OREGON

WATER SYSTEM MASTER PLAN UPDATE

CAMP POLK ROAD EXTENSION
PRELIMINARY COST ESTIMATE

FIGURE
5-13

NO. DESCRIPTION UNIT UNIT PRICE1  ESTIMATED 
QUANTITY  TOTAL PRICE 

1 Mobilization/Demobilization LS 11,000$           All Req'd 11,000$           
2 Project Safety, Temporary Traffic Control, LS 35,000             All Req'd 35,000             
3 Construction Survey LS 2,500               All Req'd 2,500               
4 Connect to Existing Water Line EA 3,500               2                      7,000               
5 Install 12-inch Polyvinyl Chloride Water 

Line
LF 160                  825 132,000           

6 Fire Hydrant Assembly EA 6,500               2                      13,000             
7 12-inch Butterfly Valve EA 3,000               2                      6,000               
8 Trench Resurfacing in Existing Asphalt 

Concrete Pavement (Full Lane 
Restoration)

TON 130                  250                  32,500             

Subtotal Estimated Construction Cost 239,000$         
Construction Contingency (15%) 36,000             

Total Estimated Construction Cost 275,000$         
Preliminary, Design, and Construction Engineering (15%) 41,000             

TOTAL ESTIMATED IMPROVEMENTS COST (2023 DOLLARS) 316,000$         

Other Estimated Project Costs
Oregon Health Authority Plan Review 3,300$             

Subtotal Other Estimated  Project Costs (2023 Dollars) 3,300$             

TOTAL ESTIMATED PROJECT COST 319,000$         

1All costs shown are in 2023 dollars. Estimated project costs were prepared using methodology established by the City and City 
Engineers with reference to pre-pandemic itemized bids inflated by 4.5 percent from the referenced project bid date to year 2023. 
Total estimated project costs must be re-evaluated prior to the implementation time frame to account for inflation, supply chain 
cost escalations, contractor availability, and general market volatility. Due to the recent volatility of the market and supply chain 
shortages, actual costs may vary significantly.
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CAMP POLK ROAD EXTENSION
PRELIMINARY COST ESTIMATE
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Chapter 6 - Recommended System 
Improvements and Improvements 
Prioritization 
Introduction 

This chapter summarizes the proposed improvements to the water system identified in this Water System 
Master Plan (WSMP) Update to address deficiencies and support anticipated growth and increased 
demands.  

Summary of Improvements 

Presented hereafter is a summary of the recommended improvements that have been identified based on 
the evaluation and computer water modeling efforts completed as part of this WSMP Update. For a more 
comprehensive discussion with respect to the different elements (supply, storage, and distribution) of the 
water system and detailed evaluation, the reader is encouraged to reference other chapters in this WSMP 
Update. Figures 6-1 and 6-2 provide the priority, location, and extent of each capital improvement project 
discussed herein. 

Water Supply and Treatment 

To accommodate population growth, update equipment nearing the end of its useful life, protect 
source water capacity, and enhance the operational safety of disinfection systems, it is 
recommended the City implement the following measures. These recommendations, with notes 
related to the implementation, are listed in order of priority. 

 Rebuild the Well No. 1 Mechanical Building and Install an On-site Generation System 

 Obtain land use approval from Deschutes County for the existing non-conforming 
facility. Non-conforming implies the existing facility was constructed and operational 
prior to the adoption and implementation of current land use ordinances. 

 Design and construct selected facility improvements including an on-site generation 
system to replace the existing chlorine gas system, which will enhance the operational 
safety of the facility. 

 Install Backup Power and a Variable Frequency Drive (VFD) on Well No. 3 

 Procure and install selected equipment at the existing facility. 

 Construct Well No. 5 and Transmission Line Extension  

 Submit a water right transfer to add an additional point of appropriation to the City’s 
various permits and certificates. 

 Obtain Deschutes County land use approval for the proposed facility. 
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 Design and construct the facilities.  

 “Prove up” to obtain certificated water rights for the transferred groundwater rights. 

Water Storage 

The City’s water storage system consists of one storage reservoir with a total available storage 
volume of 1.6 million gallons (MG). The recommended storage is based on the amount of 
emergency reserve the City believes is necessary to accommodate unforeseen circumstances and 
emergencies. Through various discussions between consultants and City operators, it was concluded 
one day of average daily demand would adequately prepare the City for such circumstances. 
Adopting this methodology, it is seen that the City’s existing storage is currently inadequate by 
approximately 40,000 gallons. Assuming an additional source is brought online by year 2035 such 
that the City can exercise their full water right withdrawal rates with the largest producing source 
offline, the total recommended storage for the planning year 2042 is approximately 3.8 MG. It was 
decided among City staff and Anderson Perry & Associates, Inc., that an additional 2.2 MG of storage 
should be constructed, for a total of 3.8 MG available. 

Another element of storage is redundancy. The City currently relies on their only existing reservoir 
and is unable to take the tank offline for any reason. It is recommended the City have at least two 
reservoirs so either one can be taken offline when necessary for cleaning, inspection, maintenance, 
and repair. Due to the existing emergency reserve storage inadequacy and lack of redundancy, it is 
recommended the City construct additional storage as soon as possible. Once the new reservoir is 
completed and online, the existing concrete reservoir should be rehabilitated. 

Water Distribution 

In general, the City’s distribution system is well-looped and has few dead-end lines. Currently, a 
single 12-inch asbestos cement (AC) transmission line exists from the reservoir to the Whychus 
Creek tee junction. This line is susceptible to damage due to uprooting should a nearby tree fall and 
does not have redundancy to keep the reservoir online if the existing line needs to be taken offline. 
Recommended distribution system improvements have been separated into three categories: high 
priority improvements, medium priority improvements, and long-term/future development 
improvements. The following provides a general description of the improvements included in each 
category. 

High Priority Improvements 

1. Install a new 16-inch polyvinyl chloride (PVC) transmission line from the existing 
reservoir to city limits near the middle and high schools on Edgington Road. 

2. Install a new 16-inch ductile iron (DI) transmission line from the existing reservoir to the 
Whychus Creek junction. 
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Medium Priority Improvements 

1. Replace existing AC distribution mains in the Edge O The Pines subdivision. 

2. Install a new 12-inch PVC water main on Camp Polk Road from East Barclay Drive to East 
Sun Ranch Drive. 

3. Install a new 12-inch DI transmission line from the Whychus Creek junction to the city 
limits and replace the existing 12-inch AC water main from East Tyee Drive to East Hood 
Avenue with new 12-inch PVC pipe. 

4. Install a new 12-inch PVC distribution main along the city limits from the end of South 
Creekside Drive to East Desperado Trail. 

5. Reconnect existing Hood Avenue South Alley water services with new taps, lines, meter 
assemblies, and valve boxes from either West Hood Avenue or West Washington 
Avenue. 

Long-Term/Future Development Improvements 

No other long-term development improvements are needed. An ongoing meter replacement 
program to replace aging service meters should be implemented. 

Capital Improvements Plan 

Introduction 

A Capital Improvements Plan (CIP) provides a framework to prioritize and implement the City’s 
facility and infrastructure asset improvement process over a specified time period. A CIP is a 
financing and construction plan for projects that require significant capital investment and are 
essential to safeguarding the financial health of the City, while providing continued delivery of utility 
and other services to citizens and businesses.  

As part of this WSMP Update, the City developed a CIP based on identified deficiencies and 
improvements required to address the water system needs of the City for the next 20 years. The CIP 
will need to be reviewed and updated periodically (at least every five years) to accommodate 
changing community needs, additional improvements that may be identified through time, and 
changes in financial resources. The CIP lists the City’s capital improvements projects, places the 
projects in a priority order (subject to periodic review), and schedules the projects for funding and 
construction. 

The CIP is a tool to be used in the development of responsible and progressive financial planning. 
The CIP forms the basis for making annual capital budget decisions and supports the City’s 
continued commitment to sound, long-term financial planning and direction. 

The CIP identifies and prioritizes short-, medium-, and long-term capital projects of all types based 
on the water system master planning process. Capital water system improvements projects will be 
coordinated with the annual budget process to maintain full utilization of available resources. For 
each capital improvements project, the CIP provides a variety of information including a project 
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description and the service need to be addressed, a proposed timetable, and proposed funding 
levels. Capital water system improvements projects will be prioritized with the most urgent projects 
first. Ongoing operation costs are not included in the CIP estimated project costs. 

Identified Improvements Estimated Costs and Implementation Time Frames 

The year 2023 estimated costs for the recommended water system improvements are summarized on 
Table 6-1. Detailed cost estimates for each component of the system (water supply, storage, and 
distribution) are included in figures referenced in Chapters 3, 4, and 5. It is recommended the estimated 
costs be increased by an annual inflation rate to account for potential increases in project costs to the 
year the improvements are actually completed. 

TABLE 6-1   
RECOMMENDED WATER SYSTEM IMPROVEMENT PROJECTS, IMPLEMENTATION TIME FRAME, AND 

TOTAL ESTIMATED PROJECT COST1 

Implementation 
Priority Chapter 

Improvement 
Type 

Recommended 
Improvement 

Total Estimated Project Cost and 
Implementation Time Frame (2023 Dollars) 

2023 to 2027 2027 to 2032 2032 to 2042 
1 3 Supply Install VFD and backup 

power at Well No. 3. 
$372,000   

2 3 Supply,  
Treatment  

Rebuild the Well No. 1 
pump station building 
and install a new on-
site generation system.  

$808,000    

3 4 Storage Construct new 2.2 MG 
water storage tank and 
rehabilitate the 
existing 1.6 MG water 
storage tank. 

$6,283,000   

4 5 Distribution Install a new 16-inch 
PVC transmission line 
on Edgington Road 
from the existing 
reservoir to city limits 
near the middle and 
high schools. 

$3,635,000   

5 5 Distribution Install a new 16-inch DI 
transmission line from 
the existing reservoir 
to Whychus Creek 
junction. 

$1,466,000   

6 5 Distribution Replace existing AC 
distribution mains in 
the Edge O The Pines 
subdivision. 

 $1,567,000  

7 5 Distribution Install new 12-inch PVC 
water main on Camp 
Polk Road Extension 
from East Barclay Drive 
to East Sun Ranch 
Drive. 

 $319,000  
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1All costs shown are in 2023 dollars. Estimated project costs were prepared using methodology established by the 
City and City Engineers with reference to pre-pandemic itemized bids inflated by 4.5 percent from the referenced 
project bid date to year 2023. Total estimated project costs must be re-evaluated prior to the implementation time 
frame to account for inflation, supply chain cost escalations, contractor availability, and general market volatility. 
Due to the recent volatility of the market and supply chain shortages, actual costs may vary significantly. 
M = million 

Action Items 

The following action items and implementation steps will need to be made by the City of Sisters to 
implement the desired water system improvements projects. The steps outlined are general in nature 
and include the major steps that need to be undertaken. It should be noted that these implementation 
steps, as presented hereafter, may be different if the City elects to delay projects and pursue 
improvements in the future. 

Implementation 
Priority Chapter 

Improvement 
Type 

Recommended 
Improvement 

Total Estimated Project Cost and 
Implementation Time Frame (2023 Dollars) 

2023 to 2027 2027 to 2032 2032 to 2042 
8 5 Distribution Install a new 12-inch DI 

transmission line from 
the Whychus Creek 
junction to East Tyee 
Drive and replace the 
existing 12-inch AC 
water main from East 
Tyee Drive to East 
Hood Avenue with new 
12-inch PVC pipe. 

 $2,504,000  

9 5 Distribution  Install new 12-inch PVC 
main from East 
Desperado Trail to 
Creekside Drive. 

 $654,000  

10 5 Distribution Reconnect existing 
Hood Avenue South 
Alley water services 
with new taps, lines, 
meter assemblies, and 
meter boxes from 
either West Hood 
Avenue or West 
Washington Avenue. 

 $103,000  

11 3 Supply Construct new Well  
No. 5 and transmission 
line. 

  $2,102,000 

Annually 5 Distribution Ongoing water service 
meter replacement. 

50 per year at 
$400 each = 
$20,000 per 

year 

50 per year at 
$400 each = 
$20,000 per 

year 

50 per year at 
$400 each = 
$20,000 per 

year 
   TOTALS $12.6 M $5.2 M $2.1 M 

TOTAL RECOMMENDED IMPROVEMENTS COST (2023 Dollars) 
YEARS 2023 THROUGH 2042 

$19.9 M 
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Implementation Steps 

 The City will need to submit and obtain approval of this WSMP Update from the Oregon 
Health Authority - Drinking Water Services. 

 The City will need to finalize and adopt this WSMP Update and the recommended 
improvements once agencies review and approve the draft WSMP Update. 

 The City will need to schedule a One Stop meeting with the funding agencies to discuss 
potential funding options for recommended improvements where project costs exceed the 
amount of which the City could self-fund the project. 

 If Business Oregon funding is identified as a potential source in the One Stop meeting, the 
City and Business Oregon will draft a Project Notification and Intake Form. 

 The City will need to hold public information meetings to inform citizens of the need for and 
scope of the improvements projects, answer questions, and explain the need for increases 
in user fees as presented in Chapter 7. 

 The City will need to develop a funding plan for the desired improvements at the time 
frames indicated in the CIP. 

 Working with various funding agencies, the City will need to prepare funding applications, as 
applicable, for the associated water system improvements projects and submit them to the 
appropriate funding agencies. 
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Chapter 7 - Current Financial Status and 
Project Financing  
Introduction 

This chapter summarizes the financial status of the City of Sisters’ Water Department, identifies 
alternatives for financing water system improvements, and discusses the use of System Development 
Charges (SDCs) to finance eligible existing and future improvements. A summary of state and federal 
funding programs is presented, including a review of funding options potentially available to the City for 
water system improvements. To construct some or all the recommended improvements, it is important 
for the City of Sisters to develop a project financing and implementation plan (or Capital Improvements 
Plan [CIP] as identified in Chapter 6). Finally, of the CIP projects proposed, a list of SDC-eligible projects is 
provided.  

Current Water Use Rates and Revenues 

Operation and maintenance of the existing water system is financed through the City’s annual budget. 
Revenue is obtained from monthly water user fees, account setup fees, and service connection fees. 

Water Use Rates 

A summary of the existing water rate structure is shown on Table 7-1. 

TABLE 7-1   
EXISTING WATER RATE STRUCTURE1 

Meter Size 

Monthly 
Allotment 

(cubic feet) 
Monthly 

Base Rate 
Consumption Rate  
(per 100 cubic feet) 

5/8-inch 0 $18.69 $1.00 
3/4-inch 0 $18.69 $1.00 
1-inch  0 $20.96 $1.00 
1-1/2-inch 0 $20.96 $1.00 
2-inch 0 $23.22 $1.00 
3-inch or Larger 0 $56.64 $1.00 

1 Based on rates established in Resolution No. 2022-15 effective July 1, 2022. 

The City’s current rate structure is based on a uniform base rate (no volume) and additional charge 
for consumption. This means that the customer is charged a base rate once, plus a flat rate for every 
100 cubic feet used. Currently, the City’s monthly base rate for all customers varies from $18.69 to 
$56.64, depending on meter size. For every 100 cubic feet used, customers pay $1.00. 
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Current Financial Status  

The annual cost of operating and maintaining the City’s water system is summarized on Figure 7-1. The 
costs presented were obtained from the City’s audited financial statements and include all costs for the 
water system, materials and services, capital improvements, and debt service.  

Historical and Projected Budget Trends 

The City’s Water Department revenues have exceeded annual operation, maintenance, and replacement 
(OM&R) for all five years for which data were available. A graphical plot of the City of Sisters’ water 
system budget for the Water Department funds, showing total revenue and total expenditures, is 
presented on Chart 7-1. 

CHART 7-1   
HISTORICAL AND PROJECTED BUDGET 

 

Capital Improvements Plan 

During development of this Water System Master Plan (WSMP) Update, the City elected to take a CIP 
approach for the less expensive maintenance and existing system replacement-related work with the 
potential to pursue outside funding for the more expensive water system improvements projects. The 
CIP approach requires City funds to be allocated each year within the Water Department to complete 
necessary repairs and upgrades to the water system. If the City seeks outside funding, customer water 
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rates would likely need to be raised to allow loans to be paid back over time. Projects that may require 
outside funding include the construction of new water supply sources, transmission and distribution 
pipelines, and storage reservoirs, as discussed in previous chapters of this WSMP Update. Water system 
improvements outlined in Chapter 6 have been prioritized so the most critical projects, related to the 
quality and reliability of the existing water system, are recommended to be completed first. 

Water System Improvements Funding 

To pursue the potential larger recommended water system improvements projects presented in  
Chapter 6, the City may choose to obtain outside funding assistance. Outside funding assistance would 
enable a needed water system improvements project to be implemented sooner than a CIP approach 
would normally allow. For informational purposes, a summary of state and federal grant and loan 
programs that can provide financial assistance for municipal improvement projects is included herein. 
These programs offer various levels of funding aimed at different types of projects. These include 
programs administered by the U.S. Economic Development Administration (EDA), Business Oregon, 
United States Department of Agriculture - Rural Development (RD), and others. 

These agencies can provide low interest loan funding and, possibly, grant funding for assisting 
communities on public works projects. Some of the funding programs provide funding only if the 
improvements address documented water quality compliance issues. A summary of potential funding 
programs follows. 

Summary of Potential Funding Programs  

The following section briefly summarizes the primary funding programs available to assist the City with a 
water system improvements project. Most of these agencies require an evaluation of water rates 
needed to support a loan for water system improvements both as a condition of receiving monies and 
prior to being considered for grant funds. The monthly user rates discussed in this section can represent 
a combination of monthly usage fees and/or taxes. 

State Grant and Loan Programs 

Business Oregon 

Special Public Works Fund  

The Special Public Works Fund (SPWF) program was established by the Oregon Legislature in 
1985 to primarily provide loan funding for municipally owned infrastructure and other 
facilities that support economic and community development in Oregon. Loans and grants 
are available to municipalities for planning, designing, purchasing, improving, and 
constructing municipally owned facilities, replacing owned essential community facilities, 
and emergency projects because of a disaster. 

For design and construction projects, loans are primarily available; however, grants are 
available for and limited to projects that will create and/or retain traded-sector jobs. A 
traded-sector industry sells its goods or services into nationally or internationally 
competitive markets. The maximum grant award is $500,000 or 85 percent of the project 
cost, whichever is less. The grant amount per project is based on up to $5,000 per eligible 
job created or retained. Loans range in size from less than $100,000 to $10 million. The 



City of Sisters, Oregon 
Water System Master Plan Update Chapter 7 

11/2/2023  Anderson Perry & Associates, Inc. 
WtrSysMstPlnUpd_Sisters_446-08.docx   Page 7-4 

SPWF can offer very attractive interest rates that reflect tax-exempt market rates for 
creditors. Loan terms can be up to 25 years or the useful life of the project, whichever is 
less. If the City of Sisters can tie the needed improvements to job creation, the SPWF may be 
an available funding source for water system improvements. 

Community Development Block Grant Program 

The primary objective of the Community Development Block Grant (CDBG) program is 
development of viable (livable) urban communities by expanding economic opportunities 
and providing decent housing and a suitable living environment principally for persons of 
low and moderate incomes. 

This is a federally funded grant program. The state receives an annual allocation from 
Housing and Urban Development for the CDBG program. Grant funding is subject to 
applicant need, availability of funds, and any other restrictions in the state’s Method of 
Distribution (i.e., program guidelines). It is not possible to determine how much, if any, 
grant funds may be awarded prior to an analysis of the application and financial 
information. 

Eligibility for the CDBG program requires that greater than 51 percent of persons within the 
community fall into the low to moderate income (LMI) category. According to the City and 
Deschutes County demographics utilized by Business Oregon, which was based on 2019 data 
available from Business Oregon, the City of Sisters had approximately 42 percent of the 
population within the LMI category. This puts the City below the threshold to qualify for 
CDBG funds. However, several communities have completed local income surveys, showing 
that, in fact, 51 percent or more of the population was in the LMI category.  

Safe Drinking Water Revolving Loan Fund 

The Safe Drinking Water Revolving Loan Fund (SDWRLF) is primarily a loan program for the 
construction and/or improvement of public and private water systems to address regulatory 
compliance issues. This is accomplished through two separate programs: the SDWRLF for 
collection, treatment, distribution, and related infrastructure, and the Drinking Water 
Source Protection Fund for protection of sources of drinking water prior to system intake. 
The SDWRLF program can lend a significant portion to projects, depending on the City’s 
financial capability. Loan amounts greater than $3 million or with more than $750,000 
principal forgiveness require approval through Business Oregon’s Infrastructure Finance 
Authority Board. The standard SDWRLF loan term is 20 years or the useful life of project 
assets, whichever is less. Loan terms up to 30 years may be available for “disadvantaged 
communities.” This program offers subsidized interest rates for all successful projects. 
Interest rates for a standard loan start at 80 percent of the state/local bond rate. Interest 
rates for loans to disadvantaged communities are based on a sliding scale between the 
interest rate for a standard loan and 1 percent. Communities may be eligible for some of the 
principal on their SDWRLF loan to be “forgiven.” This forgivable loan feature is like a grant 
and is offered to disadvantaged communities. Special consideration, including partial 
principal forgiveness, is provided to projects qualifying or having Green Project Reserve 
components. The SDWRLF program appears to be a potential funding source available to the 
City, provided a potential regulatory requirement can be addressed with the improvements. 
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Water/Wastewater Financing Program 

This is a loan and grant program that provides for the design and construction of public 
infrastructure when needed to ensure compliance with the Safe Drinking Water Act (SDWA) 
or the Clean Water Act (CWA). To be eligible, a system must have received, or is likely to 
soon receive, a notice of non-compliance by the appropriate regulatory agency associated 
with the SDWA or CWA. 

While primarily a loan program, grants are available for municipalities that meet eligibility 
criteria. The loan/grant amounts are determined by financial analysis of the applicant’s 
ability to afford a loan (debt capacity, repayment sources, current and projected utility 
rates, and other factors). The maximum loan term is 25 years or the useful life of the 
infrastructure financed, whichever is less. The maximum loan amount is $10 million per 
project and is determined by financial review and may be offered through a combination of 
direct and/or bond-funded loans. Loans are generally repaid with utility revenues or voter-
approved bond issues. A limited tax general obligation pledge may also be required. 
Creditworthy applicants may be funded through the sale of state revenue bonds. The 
maximum grant is $750,000 per project based on a financial analysis. An applicant is not 
eligible for grant funds if the applicant’s annual median household income (MHI) is equal to 
or greater than 100 percent of the state average MHI for the same year.  

Business Oregon - Regional Development Officer 

Since program eligibility and funds availability may change from year to year, potential 
applicants are encouraged to contact their respective Regional Development Officer to 
obtain the most accurate and up-to-date information for each program. 

Federal Grant and Loan Programs 

Rural Development 

This agency can provide financial assistance to communities with a population of less than 
10,000 through both loans and direct grants. Under the loan program, the agency purchases 
local bonds. The interest rate for these bonds is dependent on the MHI of the community and 
other factors and varies from year to year based on other economic factors nationally. The fixed 
interest rate varies but is generally approximately 3.0 to 4.0 percent with a repayment period of 
up to 40 years. Applying for this type of funding is a lengthy process involving development of an 
environmental report and a detailed funding application. 

The agency presently requires communities to establish average residential user costs in the 
range of similar systems with similar demographics before the community qualifies for grant 
funds. It should be noted that loans without grant funds may be acquired from RD that may not 
require rates to reach this level, depending on the results of an RD funding analysis. The user 
costs must provide sufficient revenue to pay for all system OM&R costs and pay for the local 
debt service incurred because of the project. All project costs above this level may be paid for by 
grant funds, up to given limits, which are usually not more than 45 percent of the total project 
cost. The objective of the RD loan/grant program is to keep the cost for utilities in small, rural 
communities at a level similar to what other communities are paying. 
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Another of the agency’s requirements is that loan recipients establish a reserve fund of  
10 percent of the bond repayment during the first ten years of the project, which can make the 
net interest rate higher if such a reserve does not already exist. The RD program requires either 
revenue or general obligation bonds to be established through the agency for the project (refer 
to the Local Financing Options section of this chapter for further discussion). These bonds can 
usually be purchased for a period of 40 years if desired. A combination loan and grant from RD 
may be an option for the City of Sisters to implement water system improvements. 

U.S. Economic Development Administration 

The EDA has grant and loan funds like those available through Business Oregon’s SPWF program. 
Monies are available to public agencies to fund projects that stimulate the economy of an area, 
and the overall goal of the program is to create or retain jobs. The EDA has invested a great deal 
of money in Oregon to fund public works improvement projects in areas where new industries 
were locating or planned to locate in the future. In addition, the agency has a program known as 
the Public Works Impact Program to fund projects in areas with extremely high rates of 
unemployment. This program also received an increased federal funding allocation through the 
CARES Act in 2020. This program is targeted toward creating additional jobs and reducing the 
unemployment rate in the area. If the City’s water system improvements can be linked directly 
to industrial expansion or job retention/expansion, the City could be in a competitive position to 
receive funding under EDA programs. 

Pursuing Potential Outside Project Funding Assistance 

Based on the estimated costs provided herein, the City may elect to pursue loan funding for large capital 
improvements projects. If a water system improvements project is pursued, it is recommended the City 
thoroughly investigate potential available funding sources to verify the best funding package is obtained 
for the project. The following sections provide information on pursuing funding through Business 
Oregon or other local financing sources. This assumes the City is looking for outside funding assistance 
to fund large capital improvements projects as discussed in this WSMP Update.  

Preliminary Equivalent Dwelling Units  

When projecting future revenue for a water system, an equivalent dwelling unit (EDU) analysis is usually 
completed. One EDU is intended to represent the average residential water use for a given city. As an 
example, a residential account would represent one EDU. A commercial or industrial account with 
similar water usages to the average residential use would also be considered one EDU. A commercial 
account such as a restaurant with three times the typical water usage as an average residential account 
would be considered three EDUs. 

The City of Sisters does not use EDUs to bill customers. The City bills according to meter size and 
consumption as defined in Resolution No. 2022-15. The meter size the City utilizes to determine the 
base rate for each customer is shown on Table 7-1. Table 7-2 below shows the relationship between the 
base rate for each meter size compared to a standard residential meter (5/8-inch or 3/4-inch). The 
meter size factor is determined by taking the base rate for the given meter size and dividing that 
number by the base rate for a standard residential meter.  
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TABLE 7-2   
BASE RATE COMPARISON 

Meter Size Connections1 
Monthly 

Base Rate 
Meter Size 
 “Factor” 

Total Base 
Rates (EDU) 

5/8-inch - $18.69 1.0 - 
3/4-inch 1,563 $18.69 1.0 1,563 
1-inch  234 $20.96 1.1 257 
1-1/2-inch 36 $20.96 1.1 40 
2-inch 44 $23.22 1.2 53 
3-inch or Larger 9 $56.64 3.0 27 

Total 1,886   1,940 
1Number of connections as of September 2021. 

In lieu of a typical EDU analysis, where average residential water consumption is the main factor behind 
a “base rate,” a meter size factor can be considered an equivalent analysis. Most funding agencies will 
use EDUs as a basis for estimating future annual revenue and debt capacity for a city. The EDU 
determination is intended to equitably distribute water costs among all users. The EDU determination 
helps funding agencies determine the maximum loan (debt) amount a city can incur prior to being 
considered for grant funds for their water system improvements project. The analysis presented 
hereafter for the City’s future water rate revenue and estimated debt capacity is based on the 
preliminary determination of 1,940 EDUs.  

One Stop Meeting and Project Notification and Intake Form 

To evaluate all potential project funding options, a One Stop meeting is generally requested of 
Business Oregon and other funding agencies that then meet with City staff to discuss the project and 
funding needs and identify the funding program best suited for the project. To avoid requiring city 
representatives to travel to Salem, Business Oregon has recently been holding these meetings 
locally or through video or telephone conferencing. Business Oregon utilizes a Project Notification 
and Intake Form (PNIF) to outline a city’s project, including the needs, project requirements, 
affected area, estimated project cost, time frame, schedule, etc. Business Oregon evaluates the 
project based on information presented on the PNIF and the results of the One Stop meeting to 
determine the best funding program suited to the project. The city is usually invited to submit a 
funding application to the best funding program(s) identified in the One Stop meeting. 

Local Financing Options 

Regardless of the ultimate project scope and agency from which funds are obtained, the City of 
Sisters may need to develop authorization to incur debt (i.e., bonding) for the recommended 
improvements. The need to develop authorization to incur debt depends on funding agency 
requirements and provisions in the City Charter. The need for bonding by the City has been 
eliminated by most state funding programs. However, if a bond election is required, there are 
generally two options the City may use for its bonding authority: general obligation bonds and 
revenue bonds. General obligation bonds require a vote of the people to give the City the authority 
to repay the debt service through tax assessments, water revenues, or a combination of both. The 
City’s taxing authority provides the guarantee for the debt. Revenue bonds are financed through 
revenues of the water system. Authority to issue revenue bonds can come in two forms. One would 
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be through a local bond election similar to that needed to sell a general obligation bond, and the 
second would be through Council action authorizing the sale of revenue bonds, if the City Charter 
allows. If more than 5 percent of the registered voters do not object to the bonding authority 
resolution during a 60-day remonstrance period, the City would have authority to sell these revenue 
bonds. 

Oregon law currently requires a 50 percent voter turnout to pass a bonded debt tax measure unless 
the election is held in May or November. May and November elections require only a majority of 
those who voted to pass a bonded debt tax measure. Due to current tax measure limitations in 
Oregon, careful consultation with experienced, licensed bonding attorneys should occur if the City 
begins to obtain bonding authority for the recommended water system improvements. 

System Development Charges Review 

State law creates a framework for local SDCs and specifies how, when, and for which improvements 
they can be imposed. SDCs may consist of a reimbursement fee, an improvement fee, or both. 
Improvement fees are associated with capital improvements to be constructed, while reimbursement 
fees are designed to recover the costs associated with capital improvements already constructed or 
under construction. SDC revenues may only be used for capital costs; they cannot be used for ongoing 
facility or system maintenance or for projects that either correct existing system deficiencies or replace 
existing capacity. The statutes put some constraints on the costs that may be included in each fee 
component: 

 Reimbursement fees exclude existing facility costs funded by gifts or grants and costs associated 
with “used capacity” (facility capacity needed to meet existing development service demands). 

 Improvement fees are based on the projected costs of capital improvements included on an SDC 
capital project list that expand capacity to meet the service demands of future system users. 

An SDC methodology based on a combined reimbursement and improvement fee structure must 
demonstrate that the charge is not based on providing the same system capacity. Beyond these 
constraints, the statutes provide flexibility in determining SDC amounts and methodologies, provided 
that new users contribute no more than an equitable share of costs. 

Local governments must establish SDCs by ordinance or resolution and through a public process. They 
must have a methodology to calculate reimbursement and improvement fees and provide a credit if a 
developer finances certain improvements. Local governments must also provide a review procedure 
through which anyone may challenge an expenditure of SDC revenue if it is out of compliance with state 
requirements. 

Local governments are required to prepare a capital improvements program or comparable plan, prior 
to the establishment of an improvement SDC, that includes a list of the improvements the jurisdiction 
intends to fund with improvement fee revenues and the estimated timing, cost, and eligible portion of 
each improvement. This requirement was an added provision to the original statute to provide greater 
transparency on the basis for improvement fee costs and expenditures. Since reimbursement fees are 
based on facilities already constructed or under construction, the project list requirement is not 
applicable. 
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A list of SDC-eligible project costs proposed by this WSMP Update is shown on Table 7-3. As shown, 
roughly $13.0 million of proposed capital improvements project costs are eligible to be financed with 
SDC fees.   

TABLE 7-3   
SDC-ELIGIBLE PROJECTS AND ASSOCIATED COSTS 

Project 

Total 
Estimated 

Project Cost 
(2022 Dollars) 

Portion of Project 
Cost Eligible for 
Funding by SDCs 

 
SDC-eligible 

Cost Explanation 
Construct a new 
2.2 MG water 
storage tank and 
rehabilitate the 
existing 1.6 MG 
water storage tank. 

$6,283,000 100 percent $6,283,000 Needed to provide additional 
storage capacity for fire flow 
and flow equalization resulting 
from forecasted growth. 

Install a new 16-inch 
PVC transmission line 
from the reservoir to 
the Whychus Creek 
junction. 

$3,635,000 100 percent $3,635,000 Increased flow capacity needed 
to meet peak demands and fire 
flow rates due to forecasted 
growth. 

Install a new 12-inch 
PVC water main on 
Camp Polk Road 
Extension from East 
Sun Ranch Drive to 
East Barclay Drive. 

$319,000 100 percent $319,000 Needed to compensate for the 
reduction in available fire flow 
rates due to forecasted growth. 

Install a new 12-inch 
PVC main from East 
Desperado Trail to 
Creekside Drive. 

$654,000 100 percent $654,000 Needed to compensate for the 
reduction in available fire flow 
rates due to forecasted growth. 

Construct a new Well 
No. 5 and 
transmission line. 

$2,102,000 100 percent $2,102,000 Needed to provide additional 
supply capacity resulting from 
forecasted growth. 

Total SDC-Eligible Portion of Total CIP Costs: $12,993,000 

MG = million gallons 
PVC = polyvinyl chloride 

Recommended Improvements Summary  

The key to implementing the recommended improvements outlined in this WSMP Update is the ability 
of the City to secure monies to fund these improvements, while working closely with its citizens to 
inform them of the water system needs and the necessity for increased water user rates.  

Water system improvements as outlined in this WSMP Update are intended to provide the City with a 
reliable, quality water system that will meet the needs of the City for the planning period and beyond. 
With the CIP approach, the City may reduce the need to borrow additional funds while completing the 
CIP-identified improvements projects. However, this approach can limit the speed at which more 
expensive improvements are implemented. If the City requires the immediate implementation of water 
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system improvements due to rapid growth or aging infrastructure, funding from the programs 
summarized herein may be sought. Both options may require water rates to be raised to adequately 
fund the recommended system improvements over the 20-year planning period.
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WATER DEPARTMENT FUNDS

FIGURE

Charges for 
Services

Other 
Income1

Total 
Revenue

Personal 
Services

Materials and 
Services

Capital 
Improvements Debt Service

Total 
Expenditures

Excess Revenue 
Over (Under) 
Expenditures

2015-2016 610,778$         72,255$         683,033$      220,912$         224,354$             72,597$             -$             517,863$         165,170$            
2016-2017 629,736$         16,328$         646,064$      220,721$         285,446$             -$                   1,254$          507,421$         138,643$            
2017-2018 717,290$         23,986$         741,276$      234,893$         280,098$             44,445$             4,023$          563,459$         177,817$            
2018-2019 775,870$         38,674$         814,544$      264,064$         252,349$             3,216$               657$             520,286$         294,258$            
2019-2020 882,099$         40,230$         922,329$      302,340$         285,750$             158,183$            656$             746,929$         175,400$            

1Other Income comes from licenses and fees, intergovernmental, interest on investments, and miscellaneous.

Revenue

Fiscal Year

Expenditures

WATER DEPARTMENT FUNDS

CITY OF SISTERS, OREGON
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APPENDIX B 
Oregon Health Authority - Water System 

Information 
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[̂ �pd�jj�o�"����

gZqmXCD>Z?̀�k��k	 rmstE=�ZY�UZ??EHD>Z?Ì�����
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APPENDIX C 
Water System Survey for City of Sisters,  

PWS #41-00826 
  











































 

 

APPENDIX D 
Oregon Water Resources Department and  

City Well Information 
  













DESC 57902DESC 57902



DESC 57902DESC 57902



DESC 57902DEEEEEEESSSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCCCCC 555555555555555777777777777777777799999999999999902



DESC 57902DDDDDDDDDDDEEEEEEEEEEEEESC 57902



WELL I.D. LABEL# L
START CARD #

Owner Well I.D.
First Name

Address
Zip

(1) LAND  OWNER

 New Well  Deepening
 Abandonment(complete 5a)

 Conversion

(3) DRILL METHOD
 Rotary Air  Rotary Mud  Cable  Auger  Cable Mud

 OtherReverse Rotary

(4) PROPOSED USE  Domestic  Community
 Industrial/ Commericial

 Irrigation
 Livestock  Dewatering

 StateCity

STATE OF OREGON
WATER SUPPLY WELL REPORT
(as required by ORS 537.765 & OAR 690-205-0210)

 Thermal  Injection  Other

(5) BORE HOLE CONSTRUCTION
Depth of Completed Well  ft.

Explosives used:  Yes  Type   Amount

SEAL
Material From To Amt

 Other
Backfill placed from  ft. to  ft.    Material
Filter pack from  ft. to  ft. Material

BORE HOLE

(Attach copy)

Dia From To

 Special Standard

(6) CASING/LINER
 Dia

Shoe  Inside  Outside Location of shoe(s)

From To Gauge Stl Plstc Wld ThrdCasing  Liner

(7) PERFORATIONS/SCREENS
Method

Type   Material
 Scrn/slot

widthToFrom
# of
slots

Tele/
pipe size

Casing/
Liner

 Dia

(8) WELL TESTS: Minimum testing time is 1 hour

Yield gal/min Drawdown Drill stem/Pump depth Duration (hr)

Temperature °F  Lab analysis
 Water quality concerns?

Yes

From
Yes (describe below)

To Description

(9) LOCATION OF WELL (legal description)

Tax Lot
  Lot

Twp   Range  E/W WM
Sec  1/4  1/4

Lat ° ' " or   DMS or DD
Long ° ' " or   DMS or DD

County N/S
of the

(10) STATIC WATER LEVEL

 WATER BEARING ZONES
From To Est Flow SWL(psi)SWL Date

(11) WELL LOG Ground Elevation
Material To

 CompletedDate Started
(unbonded) Water Well Constructor Certification
I certify that the work I performed on the construction, deepening, alteration, or
abandonment of this well is in compliance with Oregon water supply well
construction standards. Materials used and information reported above are true to
the best of my knowledge and belief.
License Number   Date

Signed

(bonded) Water Well Constructor Certification

ORIGINAL - WATER RESOURCES DEPARTMENT
THIS REPORT MUST BE SUBMITTED TO THE WATER RESOURCES DEPARTMENT WITHIN 30 DAYS OF COMPLETION OF WORK

Depth water was first found

Temp casing From To

Screen
Dia

 Other

Tax Map Number

I accept responsibility for the construction, deepening, alteration, or abandonment
work performed on this well during the construction dates reported above. All work
performed during this time is in compliance with Oregon water supply well
construction standards.  This report is true to the best of my knowledge  and belief.

License Number   Date

Signed

Existing Well / Pre-Alteration
Completed Well

From

Company
 Last Name

 E D C B AMethodHow was seal placed:

Perf/
Screen

+

Date SWL(psi)

  By

Amount Units

sacks/
lbs

 Slot
length

 Perforations
 Screens

SWL(ft)

+

SWL(ft)

+

Size

Contact Info (optional)

Flowing Artesian?

(2a) PRE-ALTERATION
 Alteration (complete 2a & 10)

(2) TYPE OF WORK

To sacks/lbsAmtFromMaterial

(5a) ABANDONMENT USING UNHYDRATED BENTONITE
Proposed Amount

From

+

 Dia

TDS amount

 Casing:

 Seal:

ORIGINAL LOG #

Actual Amount
+ Yes

Street address of well Nearest address

Pump Bailer Air Flowing Artesian

Dry Hole?

Form Version:

ThrdWldPlstcStlGaugeTo

Calculated

Calculated

Page 1 of 2
138648
1049398

CITY OF SISTERS
PO BOX 39   525 E. CASCADE AVENUE

SISTERS OR 97759

MUNICIPAL

293.00

54

102.00

76.81/19/2021

10/12/2020 1/19/2021

1852 1/19/2021

1720 1/20/2021

62447DESC

1/20/2021

JACK ABBAS (E-filed)

JEB ABBAS (E-filed)

JACK ABBAS

112 ppm

16 4 200 .375
12 290 293 .375

20 0 200

Screen Liner 12 190 290 .125

CONTINUOS WIRE 304 SS

3
45
50
65
72
93
102
127
141
148
165
177
201
206
233
245
259
276
280276

45
50
65
72
93
102
127
141
148
165
177
201
206
233

259

0
3

245

SANDY PUMICE AND GRAVEL
GRAY AND BROWN LAVA
RED CINDERS
GRAVELS W/BROWN SAND
SANDSTONE CONGLOMERATE
GRAY MILD LAVA
DARK BROWN SANDSTONE
GRAVELS AND SAND W/BASALT CHIPS
CEMENTED GRAVELS
FRACTURED BASALT W/CINDER
GRAY BASALT

HARD GRAY BASALT
BROKEN BASALT W/CLAY SEAMS

BROWN AND GRAY BROKEN LAVA
FRACTURED BROWN BASALT
GRAY WEATHERED BASALT
BROWN BROKEN BASALT
GRAY BASALT SOME FRACTURED
BROKEN BASALT

POURED DRY

DESCHUTES 15.00 S 10.00 E
9 SW NE 401

504 S LOCUST ST  CREEKSIDE CAMPGROUND  WELL#4

1970 13 160 24

10/14/2020 102 165 100 57
10/19/2020 165 177 50 82
1/11/2021 201 280 1970 76.5

22 0 200
15 200 293

Bentonite Chips 0 115 381 S
211.65

Cement with 5% Benton 115 137 53 S
14.5



WATER SUPPLY WELL REPORT -
continuation page

(6) CASING/LINER

(7) PERFORATIONS/SCREENS

(8) WELL TESTS: Minimum testing time is 1 hour

(10) STATIC WATER LEVEL

ThrdWldPlstcStlGaugeToFrom+ DiaCasing Liner

Material ToFrom

Comments/Remarks

BORE HOLE
Dia From To

Water Quality Concerns

Yield gal/min Drawdown Drill stem/Pump depth Duration (hr)

SEAL
Material From To Amt

sacks/
lbs

From To Description Amount Units

FILTER PACK
From To Material Size

SWL(ft)

+

SWL(psi)Est FlowToFromSWL Date

(11) WELL LOG

(5) BORE HOLE CONSTRUCTION

(2a) PRE-ALTERATION

Perf/
Screen

Casing/
Liner

Screen
Dia From To

 Scrn/slot
width

 Slot
length

# of
slots

Tele/
pipe size

From

+ Dia ThrdWldPlstcStlGaugeTo

WELL I.D. LABEL# L
START CARD #

ORIGINAL LOG #

To sacks/lbsAmtFromMaterial

Calculated

Calculated

Calculated

Calculated

138648

1049398
1/20/2021

62447DESC

Bentonite Chips 137 142 9 S
5.8

Cement with 5% Benton 142 159 22 S
14

Bentonite Chips 159 169 19 S
18.4

Cement with 5% Benton 169 200 239 S
25
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INSPECTION MEMO 
1.6 MG PRESTRESSED CONRETE 

WATER STORAGE TANK 
 

Sisters, OR – Water Storage Tank 
 

On Monday, May 16th, 2022, an interior and exterior inspection was conducted at the water storage 

reservoir, located near Peterson Burn Rd, in Sisters, Oregon. The interior and exterior inspection was 

performed on the existing concrete water storage tank. Prior to mobilizing for the inspection, the City of 

Sisters set up confined space for the interior inspection. The inspection was performed by Daniel Gancher, 

Western Regional Manager, Nick Belmont, Pacific Northwest Regional Manager, and Adam Blaser, 

Central Regional Manager. 

 

Description of Services Provided 

Prior to the May 16th mobilization, DN Tanks met with Anderson Perry and the City of Sisters at the 

existing reservoir location, and a exterior walk was performed around the existing reservoir. We walked 

onto the roof to look at the condition of roof joints, hatches, and concrete surface condition of the roof. 

We then did an exterior walk around the reservoir sidewalls, and a hammer was used to sound the 

shotcrete/gunite. This is a common inspection practice, to identify signs of delamination. Delamination is 

identified by this method by hearing a hollow sound with the hammer on the shotcrete/gunite material. 

There were several hollow spots identified during this sounding, at varying elevations and locations on 

the reservoir. This prompted the City of Sisters to request DN Tanks to perform a more thorough interior 

and exterior inspection. The exterior inspection services included chipping and cutting into the 

shotcrete/gunite wall in the hollow spots that were identified, to examine the condition of the prestressing 

reinforcement. With presence of exterior cracks and delaminated shotcrete/gunite, there could be the 

potential for corroded prestressing reinforcement. An interior inspection was also performed during the 

same mobilization, which was accomplished by floating in the reservoir with a disinfected raft. The water 

elevation was temporarily lowered, to allow more visible concrete surfaces during this inspection. 

 

Existing Prestressed Concrete Tank Information 

DN Tanks has been provided original bidding documents from Anderson Perry and the City of Sisters. 

Per the construction documents, and the conditions discovered during the inspection, the reservoir appears 

to be a prestressed concrete tank, with a reinforced concrete corewall. The bid documents are dated 1993, 

so it can be assumed the reservoir was constructed sometime between 1993-1995. The roof consists of 
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precast pie-shaped “T” slabs. As noted in the photographs shown below, the exterior shotcrete is 

approximately 3” thick. The existing prestressing strand was measured to be approximately ½” in 

diameter, and the construction window showed two strands grouped closely together. There were slight 

bulges in the wall, which may indicate the location of the prestressing strand locations. If this is accurate, 

the prestressing strands are spaced approximately 2’-0” on-center. 

 

Exterior Wall Findings 

The exterior shotcrete/gunite materials was chipped in multiple locations. In several of the locations, no 

prestressing reinforcement was identified, and the shotcrete/gunite material was chipped back to the 

reinforced concrete corewall. A location on the North side of the wall, approximately 4’ from finished 

grade, prestressing reinforcement was discovered. As mentioned previously, this discovered at a hollow 

spot. The shotcrete/gunite material was bonded very well around the prestressing reinforcement, and the 

reinforcement showed no signs of corrosion. The prestressing reinforcement was in excellent condition. 

At this location, as show on the following pictures, there were two galvanized prestressing strands that 

was fully encased in shotcrete. There was small visible cracking in the shotcrete/gunite, with visible 

efflorescence. This could possibly be able removed from a pressure washing. Based on the condition of 

the shotcrete/gunite at the multiple locations that were chipped, and the condition of the prestressing strand 

that was exposed, no repairs are recommended on the exterior walls. 

 

Interior Findings 

The visible interior walls were in excellent condition. There were no visible signs of cracking nor spalling 

concrete. No further action nor repair is recommended. 

 

The interior column was in good location, with no visible deficiencies identified.  

 

The interior floor was difficult to see, due to the fact the reservoir was in service. There was a previous 

repair that was visible, with a white substance that looks to have been placed to fill in a crack. It is likely 

that this was an epoxy material. The coating is showing signs of failure, with visible loss of material in 

middle of the repair material. It would be recommended to remove and replace this coating with an 

elastomeric coating. There were no other sings of distress in the floor that were visible from the raft. 
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The underside of the roof showed signs of possible water intrusion at the existing construction joints on 

the pie-shaped precast panels. The pictures below show efflorescence at several locations at the existing 

construction joints, which would indicate moisture is getting through the existing construction joints. In 

one location, the filler material used in the construction joint has come loose, and was hanging from the 

interior roof. There are several locations that look have small spalls, with potentially exposed rebar. From 

the elevation of the raft, it was difficult to identify. There were a few locations that daylight was visible 

from the underside of the roof. The existing concrete spalls are recommended to be repaired. The 

construction joints and daylight locations are recommended to be repaired. 

 

Exterior Roof Condition 

The exterior roof is in fair condition. The exterior construction joints are showing signs of failure with 

visible cracks in between the construction joints. There appears to be an existing coating that was placed 

on the exterior concrete surface, that is showing signs of wear and tear. A coating would be recommended 

on the exterior roof surface, and a construction joint replacement would be recommended to prevent water 

intrusion. 

 

Overall, the prestressed concrete reservoir is in very good condition. The repairs noted in this inspection 

memo could help preserve the condition of the reservoir, to help extend the surface life and avoid potential 

water quality concerns with water intrusion. The City of Sisters noted that they are not aware of the 

existing concrete reservoir having any active leaks. It would be recommended to perform a leak test to 

confirm existing conditions. 
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Photographs 
 

 
Figure 1: Exterior View of Reservoir 

 

 
Figure 2: Exterior View of Reservoir Wall 
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Figure 3: Exterior inspection window with no prestressing 

 

 
Figure 4: Exterior inspection window with no prestressing 
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Figure 5: Exposed prestressing strand 

 

 
Figure 6: Exposed prestressing strand – 3’-6” from finished grade 
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Figure 7: Interior view – Float inspection 

 

 
Figure 8: Interior view – note construction joints with existing spalls 
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Figure 9: Interior View of Column 
 

 
 

Figure 10: Interior view – Note potential daylight – found in several locations 
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Figure 11: Exterior Roof – Note construction joints and existing coating 
 

 
Figure 11: Exterior Roof – Note construction joints and existing coating
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APPENDIX H 
2022 Camp Sherman Fire District Fire 

Hydrant Capacity Flow Test Results 



2022 SISTERS - CAMP SHERMAN FIRE DISTRICT FIRE HYDRANT CAPACITY FLOW TEST

Hydrant ID Test Date Time Tester Static Resid. Pitot Testing Device Flow GPM Flow @ 20psi Resid. Location
S208 1/11/22 9:28 JA 56 21 16 4.5" HOSE MONSTER 1324 1344 MCKINNEY BUTTE RD (N OF SMS)

9:29 56 22 17 1365 1408 BTWN REED ST & MCKINNEY RANCH RD
9:30 56 22 17 1365 1408 (WELLS OFF & RESERVOIR AT 20.1')

S106 1/11/22 9:46 JA 64 29 23 4.5" HOSE MONSTER 1588 1797 USFS HOUSING LOOP RD# 2058-030
9:47 64 29 23 1588 1797 (WELLS OFF & RESERVOIR AT 20.1')
9:48 64 29 23 1588 1797

S248 1/11/22 10:03 JA 73 32 25 4.5" HOSE MONSTER 1656 1902 295 W LUNDGREN MILL DR
10:04 73 32 25 1656 1902 (WELLS OFF & RESERVOIR AT 19.9')
10:05 73 32 25 1656 1902

S160 1/11/22 10:25 JA 92 37 30 4.5" HOSE MONSTER 1814 2098 N ROPE PL @ ALLEY/NORTH DEAD END
10:26 92 38 30 1814 2119 (WELLS OFF & RESERVOIR AT 19.8')
10:27 92 37 30 1814 2098

S43 1/11/22 10:47 JA 59 26 22 4.5" HOSE MONSTER 1553 1700 E TYEE DR @ S ELM ST
10:48 59 26 21 1517 1660 (WELLS OFF & RESERVOIR AT 19.6')
10:49 59 26 22 1553 1700

PERTINENT NOTES REGARDING THE ABOVE FLOW TEST DATA:

1) FLOW GPM DERIVED FROM THE HYDRO FLOW PRODUCTS HOSE MONSTER FLOW CHART FOR THE 4.5" ORIFICE.

2) THESE TESTS WERE CONDUCTED TO SOLELY REPRESENT THE HYDRANT FLOW CAPACITIES OF THE INDIVIDUAL HYDRANTS THAT WERE TESTED.  
     THESE TESTS DO NOT REPRESENT MAIN CAPACITY TESTS, AS ALL PRESSURE AND FLOW READINGS WERE OBTAINED FROM THE SINGLE HYDRANTS
     THAT WERE TESTED.

3) DURING THESE TESTS, THE CITY'S RESERVOIR LEVEL WAS BETWEEN 19.6' TO 20.1', WITH ALL WELLS OFF, PER JOSH STOTTS WITH THE CITY OF SISTERS.
     SEE NOTES FOR RESERVOIR LEVEL FOR EACH TEST.  CONTACT THE CITY FOR ADDITIONAL INFORMATION THAT MAY BE NECESSARY FOR FLOW
     MODELING, ETC.  JOSH STOTTS MONITORED THE SYSTEM STATUS BY COMPUTER DURING THE TESTS.

4) AFTER OPENING THE HYDRANTS TO FULL FLOW, PITOT AND RESIDUAL PRESSURE READINGS WERE TAKEN AT ONE MINUTE INTERVALS FROM THE TEST 
     HYDRANTS (LISTED ABOVE) TO ALLOW FOR SYSTEM PERFORMANCE & STABILIZATION.  THE SYSTEM STATIC PRESSURES WERE TAKEN IMMEDIATELY 
     FOLLOWING THE FLOW TESTS, BUT ARE ASSUMED AS THE STATIC PRESSURES FOR ALL READINGS DURING THE GIVEN TEST.

5) THE SISTERS-CAMP SHERMAN FIRE DISTRICT AND ITS AGENTS ASSUME NO LIABILITY FOR THE ACCURACY OF THE FLOW TESTING EQUIPMENT OR 
     THE HYDRANT FLOW DATA PROVIDED HEREIN.



2022 SISTERS - CAMP SHERMAN FIRE DISTRICT FIRE HYDRANT CAPACITY FLOW TEST

Hydrant ID Test Date Time Tester Static Resid. Pitot Testing Device Flow GPM Flow @ 20psi Resid. Location
S208 1/10/22 13:55 JA 75 36 27 4.5" HOSE MONSTER 1720 2071 MCKINNEY BUTTE RD (N OF SMS)

13:56 75 37 29 1783 2177 BTWN REED ST & MCKINNEY RANCH RD
13:57 75 37 29 1783 2177 (WELL #4 ON & RESERVOIR AT ~22.6')

S106 1/10/22 14:14 JA 81 44 33 4.5" HOSE MONSTER 1902 2491 USFS HOUSING LOOP RD# 2058-030
14:15 81 45 34 1931 2567 (WELL #4 ON & RESERVOIR AT ~22.6')
14:15 81 45 34 1931 2567

S248 1/10/22 14:31 JA 90 43 33 4.5" HOSE MONSTER 1902 2358 295 W LUNDGREN MILL DR
14:32 90 47 36 1987 2585 (WELL #4 ON & RESERVOIR AT ~22.7')
14:33 90 46 35 1959 2517
14:34 90 46 35 1959 2517

S160 1/10/22 14:49 JA 104 52 39 4.5" HOSE MONSTER 2068 2679 N ROPE PL @ ALLEY/NORTH DEAD END
14:50 104 55 42 2146 2871 (WELL #4 ON & RESERVOIR AT ~22.7')
14:51 104 55 42 2146 2871

S43 1/10/22 15:09 JA 76 38 28 4.5" HOSE MONSTER 1752 2160 E TYEE DR @ S ELM ST
15:10 76 42 32 1873 2452 (WELL #4 ON & RESERVOIR AT ~22.8')
15:11 76 42 32 1873 2452

PERTINENT NOTES REGARDING THE ABOVE FLOW TEST DATA:

1) FLOW GPM DERIVED FROM THE HYDRO FLOW PRODUCTS HOSE MONSTER FLOW CHART FOR THE 4.5" ORIFICE.

2) THESE TESTS WERE CONDUCTED TO SOLELY REPRESENT THE HYDRANT FLOW CAPACITIES OF THE INDIVIDUAL HYDRANTS THAT WERE TESTED.  
     THESE TESTS DO NOT REPRESENT MAIN CAPACITY TESTS, AS ALL PRESSURE AND FLOW READINGS WERE OBTAINED FROM THE SINGLE HYDRANTS
     THAT WERE TESTED.

3) DURING THESE TESTS, THE CITY'S RESERVOIR LEVEL WAS BETWEEN 22.6'-22.8', WITH WELL #4 OPERATING, PER JOSH STOTTS WITH THE CITY OF SISTERS.
     CONTACT THE CITY FOR ADDITIONAL INFORMATION THAT MAY BE NECESSARY FOR FLOW MODELING, ETC.  SEE EACH TEST FOR +/- RESERVOIR LEVEL.

4) AFTER OPENING THE HYDRANTS TO FULL FLOW, PITOT AND RESIDUAL PRESSURE READINGS WERE TAKEN AT ONE MINUTE INTERVALS FROM THE TEST 
     HYDRANTS (LISTED ABOVE) TO ALLOW FOR SYSTEM PERFORMANCE & STABILIZATION.  THE SYSTEM STATIC PRESSURES WERE TAKEN IMMEDIATELY 
     FOLLOWING THE FLOW TESTS, BUT ARE ASSUMED AS THE STATIC PRESSURES FOR ALL READINGS DURING THE GIVEN TEST.

5) THE SISTERS-CAMP SHERMAN FIRE DISTRICT AND ITS AGENTS ASSUME NO LIABILITY FOR THE ACCURACY OF THE FLOW TESTING EQUIPMENT OR 
     THE HYDRANT FLOW DATA PROVIDED HEREIN.




