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Executive Summary

N



Executive Summary

Introduction

The purpose of this Water System Master Plan (WSMP) is to provide the City of Tualatin (City) with
the information needed to inform long-term water infrastructure decisions. The objectives of the
WSMP include:

= Document water system upgrades completed since the 2013 Water Master Plan.
= Estimate future water requirements including potential water system expansion areas.

= |dentify deficiencies and recommend water facility improvements that correct deficiencies
and provide for growth, including a preliminary evaluation of the water system’s seismic
resilience.

= Provide suggestions for updates to the City’s capital improvement project list.

= Evaluate existing system development charges (SDCs) and water rates based on the
proposed project list, as a follow-on analysis to this WSMP.

= Comply with water system master planning requirements for Public Water Systems
established under Oregon Administrative Rules (OAR).

Water System Overview

An overview of the City’s water system is shown in Error! Reference source not found..

Service Area

The City provides potable water to approximately 27,200 people through over 7,050 residential,
commercial, industrial, and municipal service connections. The existing service area includes all
areas within the current city limits and additional areas within the Metro Urban Growth Boundary
(UGB). The study area of this planning effort includes the existing service area and expanded areas
within the UGB, including the Basalt Creek area.

17-2000 Page ES-1 Water Master Plan
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Supply

The City purchases treated water from the Portland Water Bureau (PWB) as its sole source of
water. In summer months, the City also has limited supplementary supply from its Aquifer Storage
and Recovery (ASR) well. As the name implies, ASR programs work by storing treated water in an
aquifer during the wet, low demand (winter and spring) season and recovering some of this stored
volume in the dry, high demand (summer) season. In an emergency, the City can also supply or
receive water via several emergency interties with neighboring cities.

Distribution System

The City’s existing distribution system is divided into four pressure zones labelled A, B, C, and
Bridgeport Village (BV) Levels. Pressure zones are usually defined by ground topography and
designed to provide acceptable pressures to all customers in the zone. Zones are designated by
hydraulic grade lines (HGLs) which are set by overflow elevations of water storage facilities or
outlet settings of pressure reducing facilities serving the zone. An HGL approximately 100 feet
above the elevation of a service connection, results in a pressure of approximately 43 pounds per
square inch (psi). Pressure zone boundaries are further refined by street layout and specific
development projects.

Within A, B, and C Levels, storage reservoirs provide gravity supply to looped distribution piping
serving customers throughout the service area. BV Level is supplied directly from the Tualatin
Supply Main (TSM) through a pressure reducing valve (PRV). The water system has 12.8 million
gallons (MG) of available storage, used for water system equalizing (fluctuations in demand
throughout the day), fire suppression, and emergency conditions.

Emergency Interties

The existing system has a number of emergency interties with surrounding cities. These interties
connect neighboring distribution systems and have normally-closed isolation valves. The facilities
are minimal and manual for each of the interties. If the City needed to supplement their system,
they would need verbal agreement from the other city to manually open the isolation valve.
Additionally, the station would need to be monitored manually to eliminate a water quality issue,
track flow, and maintain required pressures in both systems. These interties are in place in case of
emergency where the PWB supply is unavailable, but are operationally challenging to manage or
operate.

Water Demand

Water demand refers to all water required by the system including residential, commercial,
industrial, and irrigation uses. Demands are described using water metrics including average day
demand (ADD) and maximum day demand (MDD).
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Future expansion of the City’s water service area will include continued development in the Basalt
Creek and Southwest Industrial Areas, as well as infill development within the existing City limits.
The forecasted future water demands are calculated based on the 2020 estimate of system
demand and a 0.4 percent annual growth rate, resulting in a buildout of the City’s water service
area in approximately 30 years.

Population growth within the water service area was projected based on population forecasts
from the Population Research Center (PRC, Portland State University, 2019). Historical demand
data was used to forecast water use per residential customer as well as water use for other
customer categories including commercial, industrial, and irrigation accounts. MDD was projected
based on the historic ratio of MDD to ADD, also called a peaking factor. Both ADD and MDD were
forecasted through 2040, shown for the planning years of 2025, 2030, 2040, and buildout in Table
ES-1. The forecasted time steps support identification of existing and future system deficiencies,
prioritization of Capital Improvement Program (CIP) projects to support development and growth,
and sizing of future infrastructure to serve the long-term needs of the City.

Table ES-1 | Projected Water Demand

Year ADD (mgd) MDD (mgd)
2020 4.34 8.32
2025 4.69 9.00
2030 5.06 9.72
2040 5.28 10.14
Buildout 5.65 10.83

Analysis Criteria

Performance guidelines and system criteria are used with water demands presented in Table ES-1
to assess the water system's ability to provide adequate water service under existing conditions
and to guide improvements needed to provide for future water needs. Criteria are established
through a review of City design standards, state requirements, American Water Works Association
(AWWA) acceptable practice guidelines, Ten States Standards, the Washington Water System
Design Manual, and practices of other water providers in the region.

Water Supply

Supply capacity must be sufficient to provide MDD from all sources operating together, including
ASR wells, during the peak summer season. During the off-peak season, the PWB supply system
must be capable of providing, off-peak season demand plus water for ASR injection.

Service Pressure

The acceptable service pressure range under ADD conditions is 50 to 80 psi. Per the Oregon
Plumbing Specialty Code, maximum service pressures must not exceed 80 psi. During a fire flow
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event or emergency, the minimum service pressure is 25 psi, which is 5 psi higher than required
by Oregon Health Authority (OHA) Drinking Water Services (DWS) regulations.

Fire Flow

The distribution system should be capable of supplying recommended fire flows while supplying
MDD and maintaining minimum residual pressures of 25 psi everywhere in the system.

Storage Capacity

Adequate storage capacity must be provided for each pressure zone. Recommended storage
volume is the sum of four components.

= QOperational Storage: the volume of water between operational setpoints of pumps (or
wholesale supply connections) filling the reservoir

= Equalization Storage: the volume of water dedicated to supplying demand fluctuations
throughout the day, estimated as the difference between the peak hour demand and the
available supply to the pressure zone, for a duration of 150 minutes

= Fire Storage: the volume of water needed in each zone to meet the largest required fire
flow for the duration specified in the Oregon Fire Code

= Emergency Storage: the volume of water needed to supply customers in each zone in the
event of an emergency that makes supply to the zone temporarily unavailable, estimated
as twice the ADD

Pump Stations

Pump stations should have adequate firm capacity to meet MDD in the pressure zones they serve.
Firm capacity is defined as the station’s pumping capacity with the largest pump out of service. In
the case that a pump station serves a closed zone, or a zone with no storage or additional sources,
the pumps station must provide peak hour demand plus fire flow.

Water Supply Analysis
The City conducted a separate overall Water Supply Strategy in parallel with this WSMP.

The Water Supply Strategy focused on ensuring the continued reliability of the City’s water supply
and documenting community values, expected current system performance during emergencies,
and opportunities for improved emergency performance. The project resulted in a recommended
three-prong strategy.

= Strategy 1 - Invest in a New Backup Supply to address the City’s vulnerability to an outage
of the TSM. The preferred option is to work with the City of Sherwood and the Willamette
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Water Supply System (WWSS) to interconnect the WWSS Water Treatment Plant and the
Sherwood Emergency Supply Main.

= Strategy 2 — Continue to Support Reliability of the PWB System by working with the PWB.
Considerations include ensuring the City’s demands are included in future analyses of
backup supply options, resolving future maintenance of the Washington County Supply
Line (WCSL), and reaching agreement on a new wholesale agreement.

= Strategy 3 — Increase Reliability of Local Interties by working with neighboring agencies to
make sure agreements are in place and test interties on a regular basis. The City should
also continue to take advantage of future intertie opportunities, such as within the Basalt
Creek area.

As part of this study, neighboring water agencies were also asked about their capacity to
potentially provide long-term supply in the future. The intent was not to initiate a change in the
City’s water supply, but instead to understand water supply availability in the region if PWB’s water
were to become unavailable or unaffordable. Though short-term supplies could likely be provided
by two of the neighboring water agencies, there is no agency with excess supply sufficient to meet
the long-term needs of the City. PWB remains the most reliable source of long-term supply for the
City.

Distribution System Analysis

A hydraulic network computer model was used to analyze the distribution system, which was
evaluated based on the performance criteria described above and projected demands
summarized in Table ES-1. Recommended CIP projects and pressure zone configuration or
operational changes were developed based on the deficiencies identified through this analysis.

Fire Flow Analysis

Fire flow scenarios test the distribution system’s ability to provide required fire flows at a given
location while simultaneously supplying MDD and maintaining a minimum residual service
pressure at all services. There were two general types of deficiencies identified from the fire flow
analysis:

= Known Industrial Deficiencies in the A and B Levels — The City is aware of fire flow
deficiencies in the A and B Levels. Some of this deficiency is due to undersized and non-
looped mains. To mitigate these risks, the City currently requires new customers who
require large fire flows to install fire flow pumps. Increased looping in this area and upsizing
of keys mains will also improve available flows.

= CLevel Deficiencies —Most development in the C Level is residential homes less than 3,600
square feet; requiring 1,000 gallons per minute (gpm) fire flow. Larger homes or fire flows
may require sprinkler use to reduce demand. As the system currently operates; a 1,000
gpm fire flow is generally available during MDD to the C Level. However, if larger homes
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are constructed and sprinklers are not required, the system cannot meet these upsized
demands without pumping during a fire flow or increased transmission.

B and C Level Transmission Capacity

The Basalt Creek Area located at the south end of the C Level is beginning to develop with two
developments currently moving into land use approval. Existing transmission limitations through
the B Level and fire flow requirements that exceed existing maximum available supply in the C
Level require transmission improvements in both the B and C Levels prior to development.
Findings are summarized below, and projects are incorporated into the CIP under “Transmission
Improvements.”

C Level transmission capacity between the Norwood Pump Station and C Level Reservoirs
is inadequate to serve continued development in the C Level and specifically for the
development of the Basalt Creek area. This deficiency results in inadequate fire flow
capacity to serve proposed developments with fire flows greater than 1,000 gpm in 2020
and all fire flows by 2040.

B Level transmission between the Boones Ferry Flow Control/Pressure Reducing Valve
(FCV/PRV) and B Level Reservoirs is inadequate to supply B Level and C Level peak demands
while refilling the B Level reservoirs.

Based on the summary of findings above, the City should consider the following phased
improvements, which are included in the CIP.

C Level

Prior to Basalt Creek Development: Development in the Basalt Creek area should not be
allowed without the completion of the following improvements.

o C Level Pump Station operational changes and permanent standby power installation
to address current fire flow deficiencies to support Community Partners for Affordable
Housing (CPAH) development.

o Oversize Autumn Sunrise subdivision piping from C Level Pump Station south to
Greenhill Road to 18-inch diameter when constructed.

o New I-5 Crossing at Greenhill Road and connection to existing transmission along SW
82" Ave, approximately 2,200 linear feet (LF) of 18-inch diameter main.

Long-term Recommendations: Full development of the Basalt Creek area will require the
buildout of a transmission main loop, and the following improvements to address the
transmission deficiency between the Norwood Pump Station and C Level Reservoirs.
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o Upsize the remaining transmission from the new |-5 Crossing up to the C Level
Reservoirs to 18-inch diameter main: 1,300 LF.

B Level

Prior to Basalt Creek Development: Further development of the B Level and C Level should
be limited until the following improvement is completed.

o Upsize existing transmission to 18-inch diameter main from Norwood Reservoirs to SW
Ibach Street.

Long-term Recommendations: With full development of the B and C Levels, further
transmission improvements are recommended in the B Level.

o Upsize existing transmission to 18-inch diameter main in SW Boones Ferry Road from
SW Ibach Street to SW Sagert Street.

Storage Capacity

Storage in the A Level is currently deficient, while storage in the B and C Levels is projected to be
deficient within 20 years. The City should consider constructing a 2.5 MG reservoir, similar to the
existing B Reservoirs, within the next 10 years to address deficits in all levels. By buildout and as
development requires, the City should consider a second reservoir to address any remaining
storage deficit.

It is recommended that all new storage is combined in the B Level because reservoir site
alternatives are limited in the City area, the system is relatively well connected, and A and C Level
existing storage can meet most of the future storage requirements in those zones.

The proposed B Level Reservoir sites are located adjacent to the existing B Level Reservoirs
and the existing ASR well. Additional sites with sufficient elevation for ground level tanks,
without dead storage, are limited within City boundaries. New sites to serve the A Level
would likely include long transmission lines, or significant dead storage if collocated at
existing A Level Reservoir sites. New sites to serve the C Level would face similar issues
with long transmission lines. Additionally, C Level deficits are minimal by buildout and could
be mostly addressed by either relying on C Level pumping for fire supply or, if the City
decided to accept the risk, nesting fire flow storage within emergency storage.

Storage at the B Level to meet A or C Level needs may also be allowed because the system
is well connected. The A Level can be served by the B Level by gravity via five pressure
reducing/pressure sustaining (PRPS) valves along the A/B Level boundary. These would
automatically supply the A Level in the event of a failure of the A Level PWB supplies. The
C Level can be served from the B Level by the C Level pump station, located adjacent to
the existing B Level Reservoirs. This station can meet C Level needs through buildout, with
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a single pump active. Increased transmission in the B and C Levels will also improve
distribution.

= Existing storage in the A and C Levels can meet all buildout storage requirements except
for 33 percent of A Level emergency storage and 20 percent of C Level emergency storage.
If emergency deficits were significantly greater, or either zone did not have sufficient
storage to meet daily operational requirements, combined storage in the B Level would
not be recommended.

A 2.5 MG reservoir is included in the CIP within 10 years, and a 1.0 MG reservoir is included in the
CIP in 20+ years. However, future development timing may require adjustment of these timelines.

Pump Stations

Pumping capacity will be discussed by zone supply, from A to B Level and from B to C Level, and
evaluated based on the MDD of the zones being pumped to.

B Level Pumping

There is no pumping required under normal operating conditions from A to B Level; both receive
supply from the TSM. The Boones Ferry FCV/PRV is the only supply to the B Level. Pumping from
Ato Bwould only be required under emergency or maintenance operations. There are two existing
Ato B Level pump stations (Martinazzi and Boones Ferry), but they are not reliably operable, have
insufficient capacity (for emergency conditions), and have reached the end of their usable lives.
FCV/PRVA new pump station from A to B Level is recommended for redundancy and reliability.
Based on an alternatives analysis, the City should replace the Martinazzi Pump Station.

C Level Pumping

The B to C Level, Norwood Pump Station operates daily and is the only supply to the C Level. The
station's existing firm capacity (largest pump out of service) of 2.02 MGD (1,400 gpm) is adequate
to supply the needs of the C Level through buildout.

Additional improvements should be considered for risk mitigation:

= The City should add permanent standby power with automatic switching in the event of a
power failure to the station.

= The station is not operationally redundant. This means there is no secondary supply to the
C Level, whether from a pump station or PRVs from higher levels. A failure of the Norwood
Pump Station or supply mains would mean total reliance on the stored water in the C Level
Reservoirs, or possible emergency supply from Wilsonville via the Wilsonville Intertie. It is
recommended that the City build a second C Level pump station at the existing ASR site,
once a B Level reservoir is constructed onsite.
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Water Quality and Conservation

Water Quality Regulations

The City, along with all public drinking water systems, must follow both state and federal
regulations. At the federal level, the Environmental Protection Agency (EPA) establishes water
quality standards, monitoring requirements, and enforcement procedures. At the state level,
either the EPA or a state agency will implement the EPA rules. As a primacy state, Oregon
administers most of the EPA’s drinking water rules through the OHA DWS. The DWS rules for water
quality standards and monitoring are adopted directly from the EPA. The DWS is required to adopt
rules at least as stringent as federal rules. To date, the DWS has elected not to implement more
stringent water quality or monitoring requirements.

At the federal level, the Safe Drinking Water Act (SDWA) is the primary drinking water regulation.
It was originally enacted in 1974 by Congress to ensure the quality of America’s drinking water
with a focus on water treatment. The act was reauthorized and updated in 1986 and 1996 to
expand protections to source water and improve operator training, system improvement funding,
and public education. The SDWA contains the following assignment and programs for the EPA and
the states to administer:

= State revolving loan fund for water system construction
= Public notification reports

= Source water assessment and protection

= Monitoring reductions based on source water protection
= Mandatory certification of operators

These assignments have been implemented by the EPA and/or individual states and are regularly
updated. Under the authority of the SDWA, the EPA sets various rules and regulations to maintain
safe drinking water.

The City currently meets all existing and proposed water quality regulations that govern the
operation and performance of the water system.

Water Conservation

The City is not required by the state to develop a formal Water Management and Conservation
Plan as it does not have any active municipal water rights. However, PWB requires the City to
establish a joint conservation program and create a water conservation plan under the wholesale
water supply agreement and the City is committed to reducing water usage.

The City implements various aspects of water conservation including:

= Public education and outreach as part of the Regional Water Providers Consortium (RWPC)
= |eak prevention and detection
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Seismic Resilience Evaluation

System Backbone

Consistent with the Oregon Resilience Plan (ORP) guidelines, the City identified critical facilities
and customers that will need uninterrupted or quickly restored water service following the
anticipated magnitude 9.0 (M9) Cascadia Subduction Zone (CSZ) earthquake. Critical customer
locations along with critical water supply and distribution facility locations were used to develop a
water system “backbone” connecting key facilities and water mains.

Seismic Hazards Assessment

Seismic hazards all have the potential to damage buried water mains and other water facilities.
Within the City of Tualatin water service area, these hazards were evaluated based on existing M9
CSZ earthquake hazard maps published for the Portland Metro region by the Oregon Department
of Geology and Mineral Industries (DOGAMI). These maps were refined using geotechnical
exploration data and subsurface boring logs from reservoirs, pump station sites, and various
projects constructed near critical water facilities in the City’s water service area.

Summary of Recommendations
The seismic resilience recommendations are summarized below.
= Facility Seismic Improvements:

o Boones Ferry FCV/PRV Improvements — Upgrades to this facility should include
rehabilitation or replacement of the buried utility vault and piping transitions. This is a
critical water supply facility for transmitting PWB supply to the B Level and C Level
service zones.

o A-1 Reservoir Structural Analysis — A structural analysis should be performed for this
reservoir to better quantify seismic risk and determine if cost-effective mitigation
strategies are available.

o Reservoir Connections: Flexibility and Isolation — Install new flexible connections
(where current flexible connections are not provided or are inadequate) and seismic
isolation valves at all six of the City’s existing reservoirs. New reservoirs should be
designed and constructed with these features.

o Norwood Pump Station Improvements — Install a permanent standby generator at the
Pump Station with adequate fuel storage for a minimum of 24-hours of operation.
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=  Backbone Piping:

o Seismic Design Standards — Implement the seismic design standards presented in this
WSMP.

o TSM Study — Conduct a study to assess the condition and performance of the TSM,
especially in the context of seismic resilience. The study should present mitigation
strategies and cost considerations for City in the broader context of water supply
reliability.

= Emergency Preparedness:

o Emergency Water Plan — Implement the strategies, recommendations and
improvements presented in the Emergency Water Plan, documented in this WSMP.

Recommended Capital Improvement Program (CIP)

A summary of all recommended improvement projects and estimated project costs is presented
in Table ES-2. This CIP table provides for project sequencing by showing prioritized projects for the
5-year, 6- to 10-year, and 11- to 20-year timeframes defined as follows.

=  5-year timeframe - recommended completion through 2025
= 6-to 10-year timeframe - recommended completion between 2026 and 2030
= 11-to 20-year timeframe - recommended completion between 2031 and 2040

Estimated project costs presented in the CIP are intended to provide guidance in system master
planning and long-range project scheduling and implementation. Final project costs will vary
depending on actual labor and material costs, market conditions for construction, regulatory
factors, final project scope, project schedule, and other factors.

Table ES-2 summarizes these projects by type and investment timeframe. The City’s proposed CIP
includes significant investment, particularly in transmission and storage improvements. This new
capacity will serve growth while also providing more resilient water facilities that benefit all
customers. An evaluation of water rates and SDCs in support of the water system CIP will be
completed as follow-on work to this WSMP.
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Table ES-2 | CIP Cost Summary

Project Type 0-5 Years 6-10 Years 11-20 Years Total
Residential Fire Flow $1,120,000  $1,120,000
Non-Residential Fire Flow? $9,486,000  $9,486,000
System Looping $3,615,000 $3,615,000
Transmission $10,556,000  $6,610,000 $17,166,000
Facilities $14,850,000 $7,300,000  $5,610,000 $27,760,000
Renewal and $9,900,000  $9,900,000
Replacement?

Total $25,406,000 $17,525,000 $26,116,000 $69,047,000

Notes:
1.  Notall non-residential fire flow improvements may be required as some sites may have onsite pumping.

2. Pipe replacement is a perpetual ongoing cost and should be planned for. $1,000,000/year was assumed to
allow for systematic replacement of aging mains.
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Section 1

Introduction

1.1 Purpose

The purpose of this Water System Master Plan (WSMP) is to perform an analysis of the City of
Tualatin’s (City’s) water system and:

= Document water system upgrades completed since the 2013 Water Master Plan.
= Estimate future water requirements including potential water system expansion areas.

= |dentify deficiencies and recommend water facility improvements that correct deficiencies
and provide for growth including a preliminary evaluation of the water system’s seismic
resilience.

= Provide suggestions for updates to the City’s capital improvement project list.

= Evaluate existing system development charges (SDCs) and water rates based on the
proposed project list, as a follow-on analysis to this WSMP.

This report is divided into nine sections to address the goals described above. The first four
sections summarize the existing system and water demands, estimate future water demands, and
list the performance criteria used to analyze the system. Sections 5, 6, and 7 utilize the prior
sections to identify system deficiencies, analyze current water quality and conservation goals, and
provide a preliminary seismic resiliency analysis. Section 8 summarizes recommended
improvement projects to mitigate existing and projected system deficiencies and vulnerabilities
and presents a financial analysis to support those projects. Section 9 presents the Emergency
Water Plan intended to address water system recovery after a catastrophic event such as a
Cascadia Subduction Zone seismic event. The planning and analysis efforts presented in this WSMP
are intended to provide the City with the information needed to inform long-term water supply
and distribution infrastructure decisions.

1.2 Compliance

This plan complies with water system master planning requirements established under Oregon
Administrative Rules (OAR) for Public Water Systems, Chapter 333, Division 61.
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1.3 Acronyms

Acronym Definition

A
AACE Association for the Advancement of Cost Engineering International
ADD average daily demand
ALA American Lifelines Alliance
ASCE American Society of Civil Engineers
ASR Aquifer Storage and Recovery
AWWA American Water Works Association
B
BV Bridgeport Village (pressure zone)
C
CERT Community Emergency Response Team
CIp capital improvement program
City City of Tualatin
CpP cathodic protection
CPAH Community Partners for Affordable Housing
CRBG Columbia River Basalt Group
CSz Cascadia Subduction Zone
D
D/DBP disinfectants/disinfection byproducts
DEQ Oregon Department of Environmental Quality
DOGAMI Department of Geology and Mineral Industries
DWPLF Drinking Water Protection Loan Fund
DWS Drinking Water Services
E
EPA Environmental Protection Agency
ERU equivalent residential unit
F
FCV flow control valve
FCV/PRV flow control/ pressure reducing valve
FEMA Federal Emergency Management Agency
fps feet per second
fy fiscal year
G
GIS geographic information system
gpad gallons per acre per day
gpcd gallons per capita per day
gpd gallons per day
gpm gallons per minute
17-2000 Page 1-2 Water System Master Plan
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Acronym Definition

HAASs haloacetic acids

HGL hydraulic grade line

hp horsepower

I

-5 Interstate 5

IFA Infrastructure Finance Authority

in/s inches per second

J

JMP Joint Monitoring Program

JWC Joint Water Commission

L

LCR Lead and Copper Rule

LF linear feet

LTIESWTR Long-Term 1 Enhanced Surface Water Treatment Rule

LT2ESWTR Long-Term 2 Enhanced Surface Water Treatment Rule

M

M9 magnitude 9.0

MCL maximum contaminant level

MDD maximum day demand

mgd million gallons per day

MG million gallons

mg/L milligrams per liter

MOU Memorandum of Understanding

MTSM Metzger-Tualatin Supply Main

N

NEPA National Environmental Policy Act

NRCS National Resource Conservation Service

@)

OAR Oregon Administrative Rule

OFC Oregon Fire Code

OHA Oregon Health Authority

ORP Oregon Resilience Plan

OWRD Oregon Water Resources Department

P

P3DD peak three day demand

PHD peak hour demand

PGD permanent ground deformation

PGV peak ground velocity

ppm parts per million

PRPS pressure reducing/pressure sustaining (Valves)
17-2000 Page 1-3 Water System Master Plan
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Acronym Definition

PRV pressure reducing valve
PSD peak season demand
PSU PRC Portland State University Population Research Center
PSE Peterson Structural Engineers
Psi pounds per square inch
PWB Portland Water Bureau
R
RLIS Metro's Regional Land Information System
RR rates of repair
RWD Raleigh Water District
RWPC Regional Water Providers Consortium
S
SCADA supervisory control and data acquisition
SDCs system development charges
SDWA Safe Drinking Water Act
SDWRLF Safe Drinking Water Revolving Loan Fund
SOCs synthetic organic contaminants
SOPs standard operating procedures
T
TSM Tualatin Supply Main
TTHMs total trihalomethanes
TVFR Tualatin Valley Fire & Rescue
TVWD Tualatin Valley Water District
U
UCMR 4 Unregulated Contaminant Monitoring Rule 4
UGB urban growth boundary
\Y
VFDs variable frequency drives
VOCs volatile organic contaminants
W
WCSL Washington County Supply Line
WIFIA Water Infrastructure Finance and Innovation Act
WRWTP Willamette River Water Treatment Plant
WSMP Water System Master Plan
WWSS Willamette Water Supply System
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Section 2

Existing Water System

2.1 Background and Study Area

The City provides potable water to approximately 27,200 people through over 7,050 residential,
commercial, industrial, and municipal service connections. The existing service area includes all
areas within the current city limits and additional areas within the Metro Urban Growth Boundary
(UGB). The study area of this planning effort includes the existing service area and expanded areas
within the UGB, including the Basalt Creek area.

The City purchases wholesale water from the Portland Water Bureau (PWB) as it sole supply
through a single 36-inch diameter supply line extending south from the Washington County Supply
Line (WCSL), a major regional transmission main supplying wholesale water supply from PWB to
water providers in Washington County. The City’s water distribution system currently consists of
four pressure zones supplied by six steel storage facilities, three pump stations (two of which are
for emergency operations only), and an Aquifer Storage and Recovery (ASR) facility.

A system map and hydraulic schematic are included in Figure 2-1 and Figure 2-2.

2.2 Supply

The City purchases treated water from PWB as its sole source of water. In summer months, the
City also has limited supplementary supply from its ASR well. As the name implies, ASR programs
work by storing treated water in an aquifer during the wet, low demand (winter and spring) season
and recovering some of this stored volume in the dry, high demand (summer) season. In an
emergency, the City can also supply or receive water via several emergency interties with
neighboring cities.

2.2.1 Portland Water Bureau Wholesale Purchase

2.2.1.1 Wholesale Supply Contract

The City purchases finished water from PWB through a wholesale water supply contract signed in
2006. The current contract extends through 2026. Under the terms of the agreement, the City is
obligated to purchase a minimum annual volume of water equal to 4.4 million gallons per day
(mgd). Under the current wholesale contract terms, this volume can be increased but not
decreased.
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The wholesale water rate paid by the City is based on three factors: 1) the guaranteed minimum
purchase (4.4 MGD), 2) the City’s peak seasonal factor (1.32 for fiscal year (FY) 2021-22), and 3)
the City’s peak 3-day factor (1.62 for FY 2021-22). Iltems 2 and 3 are the ratio of the average daily
water volume purchase from July 1 to September 30 and the average daily water use over the
three consecutive highest days to the guaranteed minimum purchase. These peaking factors are
calculated specifically for the PWB contract and are different from maximum day and peak hour
peaking factors discussed later in Section 3.

In April of 2016, the City and PWB signed an amendment to the original wholesale agreement. This
amendment updates the calculations used for determining peaking factors and summer
interruptible (water provided over the minimum agreed upon volume) water purchase.

In February 2021, PWB issued a Memorandum of Understanding (MOU) Regarding the Regional
Water Sales Agreement to all wholesale water providers, informing the wholesalers of PWB’s
intent to provide notice that PWB will not renew the current agreement. A copy of the MOU is
included in this WSMP as Appendix A. The MOU states that it is PWB’s desire to continue to supply
the wholesale customers and that this notice is consistent with negotiations that have been
occurring between the wholesalers and PWB regarding the framework of a new agreement. The
City continues to be an active participant in the process of developing a new agreement that is in
the common interest of PWB and the wholesale customers.

2.2.1.2 Wholesale Source

The PWB primarily sources its water from the Bull Run watershed, a protected watershed located
near Mt. Hood. Two surface water impoundments, Bull Run Reservoir No. 1 and No. 2 store up to
approximately 9.9 billion gallons in the watershed. The Bull Run Watershed averages 130 inches
of precipitation per year, with the heaviest rains occurring from late fall through spring, filling the
two reservoirs for storage. Because rain is scarce during the summer season, the water stored in
the reservoirs is essential for meeting summer water demand. Drawdown is when PWB begins to
take more water out of the reservoirs than streamflow brings in during the summer and into the
fall. Streamflow provides about half of the dry season supply and gradually decreases over the
summer. Fall rains typically replenish the supply in late September, but in dry years this can happen
as late as November or December.

The PWB also operates a secondary groundwater supply, the Columbia South Shore Wellfield. This
wellfield pulls from three regional aquifers to supplement the Bull Run surface water storage in
the summer and to provide a level of source redundancy. The wellfield has a total capacity of
approximately 100 mgd.

Currently, the Bull Run water is unfiltered and disinfected with chlorine at the Bull Run Reservoir
No. 2 Headworks. Further treatment occurs at the Lusted Hill facility where ammonia is added to
the water to form a more robust residual disinfectant, chloramines. Additionally, at Lusted Hill,
the water pH is adjusted with sodium hydroxide to decrease the water’s corrosive qualities.
Temporary corrosion control improvements at Lusted Hill have been implemented, converting
from liquid sodium hydroxide to a combination of soda ash and carbon dioxide for pH adjustment.
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The PWB is proceeding with construction for a water treatment plant which will include filtration,
disinfection, and permanent corrosion control facilities. These updates are directed to comply with
the Environmental Protection Agency (EPA) requirement to address the potential for
cryptosporidium contamination under the Long Term 2 Enhanced Surface Water Treatment Rule
(LT2ESWTR) and are projected to be fully in place by 2027.

The construction of new infrastructure will be funded in part through wholesale rates which will
affect the City’s existing rates.

2.2.1.3 Wholesale Transmission

The WCSL conveys water by gravity from PWB’s Powell Butte Reservoirs in southeast Portland to
Washington County wholesale customers including the City, Tualatin Valley Water District (TVWD),
and Raleigh Water District (RWD). Figure 2-3 presents an overview of the WCSL and the PWB
wholesale customers supplied by this transmission main.

The WCSL begins as a 66-inch diameter transmission line at the PWB’s two 50-million gallon (MG)
Powell Butte Reservoirs and ending as a 36-inch diameter main approximately 22 miles southwest
of Powell Butte in Tualatin. The 36-inch diameter section from Florence Lane to Tualatin
Community Park is referred to as the Tualatin Supply Main (TSM) in this report, Details regarding
the distance and diameter of the WCSL system are identified below.

WCSL Segment - From WCSL Segment - To Distance (miles)  Diameter (inches)
Powell Butte SE 136 & Holgate 1.1 66
SE 136th & Holgate SE 67th & Holgate 3.4 66
SE 67th & Holgate Hannah Mason PS 53 60
Hannah Mason PS SW B-H Hwy @ Oleson Rd 4.2 60
SW B-H Hwy @ Oleson Rd SW 80th and Florence Ln 2.5 48
SW 90th and Florence Ln Tualatin Community Park 5.9 36

The 36-inch diameter TSM supplies the City distribution system at five metered control valves, the
southernmost connection being the Boones Ferry Road FCV/PRV. These supply connections
reduce pressure from the Powell Butte level to City service pressures in the A and B Levels. Areas
south of Ibach Road (the C Level) are supplied via distribution pumping from the B to the C Level.

The City of Sherwood-owned 24-inch diameter, ductile iron main branches off the TSM near Upper
Boones Ferry Road within the City of Tualatin. Historically, this was used to supply the City of
Sherwood from the City of Tualatin’s PWB supply connection at City Park, just south of the Tualatin
River. In 2011, the City of Sherwood transitioned supply to the Willamette River Water Treatment
Plant (WRWTP) near the City of Wilsonville, and so the 24-inch diameter main currently exists as
an emergency intertie only.
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2.2.1.4 Wholesale Transmission Ownership

Currently, the City is the furthest WCSL user to receive water from PWB. This means intermediate
demands of the other customers affect the flow rate of water available, although the City has not
had supply issues related to this. The City owns 18 percent of the WCSL pipe nominal capacity and
approximately 58 percent of the Metzger-Tualatin Supply Main (MTSM) 48-inch diameter pipe
nominal capacity. The City owns the 36-inch diameter pipe that conveys water from the Florence
Lane Master Meter to the City of Tualatin (the TSM, referenced in Section 2.2.1.3).

2.2.2 City Aquifer Storage and Recovery

The City has operated one ASR facility since 2011. ASR operations allow the City to store surplus
drinking water in a groundwater aquifer during low demand periods (fall through spring) and
recover the water from a groundwater well during high demand periods (summer). Under the
State of Oregon Water Resources Department authorizing limited license (ASR Limited License
#010) the City can recover up to 95 percent of the water injected over the current water year
(October 1 through September 30). The volume of water allowed for recovery drops by five
percent each year the injected water remains in the ground.

The ASR facility is located on SW 108th Avenue near SW Dogwood Street receiving recharge water
from, and recovering to, the B Level to aid in meeting B Level and C Level demands during the
summer. The recharge water is injected from the City’s distribution system into the well by gravity
flow. A 150 horsepower (hp) vertical turbine well pump recovers water in the summer.

Onsite treatment was recently converted to a liquid feed system. During injection, water is
hypochlorinated at just under 4 parts per million (ppm) to minimize the risk of biofouling in the
well. During recovery, hypochlorite is added to the water to achieve a chlorine residual of 1.5 ppm
and ammonia is also added to form chloramines to match the disinfectant used in the PWB supply.
Both chemicals are stored onsite within the ASR well house.

The City has been operating the ASR facility as a pilot project since 2011 and more regularly in the
past few years. In 2019 and 2020, recovery rates between 300 and 400 gallons per minute (gpm)
were seen, depending on aquifer level and hydraulic conditions. In the 2019 water year, the City
injected 77 MG and recovered 30 MG. In recent years, there have been significant breaks during
the injection and recovery pumping due to maintenance and upgrades, including installation of a
new automatic transfer switch, upgrade of water quality analyzers, and replacement of chemical
feed systems.
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2.2.3 Emergency Supply

2.2.3.1 Emergency Interties

Several emergency interties with neighboring water providers potentially allow for alternate
supply during emergencies. However, these interties are rarely, if ever, used or maintained and
supply capacity is often severely limited and dependent on operational conditions of the supplying
system. Additionally, the City is not legally allowed to use certain interties due to the 2002 City
Charter amendment prohibiting drinking water sourced from the Willamette River without a
citizen vote (Chapter 10, Section 46 of the City Charter), with the exception of an emergency
declaration by the State of Oregon (such as would likely occur following a large seismic event).

Existing interties include connections with the Cities of Tigard, Sherwood, Wilsonville, and Lake
Oswego, and the Rivergrove Water District. Except for the Tigard intertie at 72nd and Boones Ferry
which provides additional fire flow to the Bridgeport Village, all emergency interties exist as
normally closed valves that are manually operated. Figure 2-1 shows the location of these
emergency interties and Table 2-1 summarizes important details.
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Table 2-1 | Emergency Intertie Summary

Hydraulic
Grade

Hydraulic

Intertie Water Source el Grade
(Other)

Level)

Diameter?

(in)

Willamette Water Supply

System (124th and Willamette River Emergency? 295 (A) ~450 12

Tualatin-Sherwood Road)

Lake Oswego (LO) Clackamas River

(65th & McEwan) (Tigard-LO Partnership) Emergency 295 (A) 320 12

Tigard (Boones Ferry & Clackamas River

Lower Boones Ferry) (Tigard-LO Partnership) Emergency 25 A 410 10

Tigard Clackamas River Fire flow

(72nd & Boones Ferry)3 (Tigard-LO Partnership)  (Bridgeport Village) 360 (BV) 410 10

Rivergrove (65th & Childs)  Rivergrove Wellfield Emergency 295 (A) 315 8

Sherwood - Supply Main ) . 5

(City Park) Willamette River WTP Emergency 295 (A) 380 24

Sherwood : , )

T e —— Willamette River WTP Emergency 295 (A) 380 12

Wilsonville (Frobase Site) ~ Willamette River WTP Emergency? 506 (C) 506 8
Notes:

1. Intertie capacity is unknown. Pipe diameters can be used to approximate capacity, however available supply is
dependent on boundary conditions of both supplying and receiving systems.

2. Connection with the Willamette Water Supply System. Currently, use of this intertie is limited to water supply
following an emergency declaration by the State of Oregon.

3. Bridgeport Village Intertie located at 72nd & Boones Ferry. There is both a fire flow connection (10-inch to 10-
inch) and a separate intertie (10-inch to 10-inch) near this location. The intertie is around the corner and can
connect into the A Level distribution system with an HGL of ~410 ft on the Tigard side and ~295 ft on the
Tualatin side. This intertie can also connect to the TSM. As its pressure is lower than the normal pressure in the
TSM, PWB supply would need to be valved off (which would likely be the case if the TSM were out of service).
Because of the reversed hydraulics, this intertie is not usually listed in the City’s emergency connections.

2.2.3.2 Tualatin Valley Water District Portable Pump Stations

In 2014, the City and TVWD recognized their vulnerability to PWB supply failures. In response, the
construction and purchase of two portable pumps was finalized (named “Flow” and “Eddy”) for
emergency use in a PWB supply disruption. The piping near the TVYWD meter at the intersection
of Beaverton Hillsdale Highway and Oleson Road was reconfigured to allow for emergency
connection of the pumps between TVWD's transmission main and the WCSL. Each pump has a
capacity of SMGD and is designed to supply water from the Joint Water Commission (JWC) or
other TVWD-Wolf Creek water supplies along Oleson Road towards TVWD-Metzger and Tualatin
customers through the WCSL and the TSM. It is understood that the B Level could be supplied
from this configuration with the portable pumps.

2.2.3.3 Inter-Pressure Zone Pumping Connections

Three six-inch diameter flange stubs are located at grade to allow for external temporary pumping
from the Ato B and B to C Levels. These stubs are located at the B-1 and B-2 Reservoirs (Norwood)
site, the Martinazzi Pump Station, and at 10900 SW Avery Street where the B and C levels meet.
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These sites are for emergency use only and will require the use of a portable pump station to
provide minimal supply to localized areas near the connection point. Presently, the City does not
own a portable pump station, but is acquiring appurtenances (flange connections and hoses) to
support emergency pumping. Further discussion is included later in this document.

2.3 Water Rights

While the City does not hold any municipal drinking water rights, it does hold a limited license for
ASR operations, summarized in Table 2-2.

The City’s single ASR facility operates under Oregon Water Resources Department (OWRD) ASR
Limited License No. 010, which was most recently renewed for an additional five years on May 12,
2019. This Limited License authorizes the City to operate an ASR system of up to five wells storing
475 MG of water for a combined recovery of up to 3,500 gpm during the summer season.
Presently, the City does not use the full Limited License authorized rate.

Table 2-2 | Water Rights

Certificate  Authorized Priority

Gl \[o} Use Date

Authorized Rate Description

2,750/3,500gpm ASR injection and

ASR LL #010 N/A ASR 2004 L
injection/recovery recovery

2.4 Pressure Zones

The City’s existing distribution system is divided into four pressure zones labelled A, B, C, and
Bridgeport Village (BV) Levels. Pressure zones are usually defined by ground topography and
designed to provide acceptable pressures to all customers in the zone. Zones are designated by
hydraulic grade lines (HGL) which are set by overflow elevations of water storage facilities or outlet
settings of pressure reducing facilities serving the zone. An HGL approximately 100 feet above the
elevation of a service connection, results in a pressure of approximately 43 pounds per square
inch (psi). Pressure zone boundaries are further refined by street layout and specific development
projects.

Each of the four pressure zones is summarized in Table 2-3 and illustrated on Figure 2-1. This
information is presented in more detail in the following sections including descriptions of the
service area, supply mechanism, storage facilities, and pumping facilities serving each zone.
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Table 2-3 | Pressure Zones

Max Fire
HGL Current Current Usable flow

Required
(8pm)

Zone Name Primary Customer Type ADD MDD Storage

(ft) (mgd)  (mgd)  (MG)

A Level 295 Commercial, industrial, 2.24 428 6.0 3,000
residential
B Level 399 ~ Residential, commercial, -, o 2.79 5.0 3,000
industrial
C Level 506 Residential, institutional 0.34 0.65 1.8 2,000
BV Level 360 Commercial 0.03 0.06 0 3,000
Note:

Usable storage calculated as the potential volume of water stored above the tank height that can provide 20 psi to all
zone customers.

2.4.1 A Level

The A Level covers Tualatin north of SW Tualatin-Sherwood Road and includes a broad array of
customer types including commercial, industrial, and residential (see Figure 2-1).

2.4.1.1 Supply

The A Level is supplied by four FCV/PRVs off the TSM. These valves drop the hydraulic grade from
approximately 530 feet, as set by the PWB Powell Butte Reservoir, to 295 feet, as set by the A
Level Reservoirs. The four valves are located at 72nd Avenue, City Park (located in Tualatin
Community Park at SW Tualatin Road), 108th Avenue/Operations, and Leveton. 72" Avenue,
108th/Operations, and Leveton supply most of the flow. The valves are primarily operated in flow
control mode, meaning that the valve modulates to maintain a constant flow rate that is set by
City staff. These control valves also have an overriding pressure setting to maintain pressures
within an acceptable service range on either side of the valve. The Leveton FCV/PRV supplies an
area of higher pressure within the A level to meet the water supply needs of industrial customers.

In an emergency, five PRPS can provide limited supply from the B Level. These valves are located
along the interface between the A and B Levels. The PRPS valve will open when the A Level
pressure drops below a set point and shut either when the A Level pressure rises above that set
point or the B Level pressure drops below a second set point that prevents the pressure in B level
from dropping below minimum acceptable levels. These valves are intended only for emergency
supply. The flow rate available through the PRPS valves can range from less than 100 gpm up to
1,000 gpm or more, depending on reservoir levels and water demands.

2.4.1.2 Storage

Storage in the A Level is provided by two welded steel tanks with a combined total volume of
7.2 MG. The A-1 tank, formerly known as the Avery tank, was built in 1971. It is located in the
residential area south of Avery Road. The A-2 tank was built in 2006 and is located west of the City,
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just south of Tualatin-Sherwood Road. When A Level tanks drop below 8 feet in depth, static
pressures in the A Level are less than 25 psi. Therefore, the A Level reservoirs have approximately
1.2 MG of dead storage (bottom 8 feet of both tanks) and a combined accessible storage of 6 MG.

2.4.1.3 Distribution

The A Level distribution piping is looped with 12-inch diameter mains primarily along Herman,
Tualatin-Sherwood, and Nyberg Roads. A 16-inch transmission line beneath the Tualatin River
connects the portions of the A Level north and south of the Tualatin River. Additional 16-inch and
18-inch diameter mains extend along Tualatin-Sherwood Road from Avery Street west, and a 16-
inch diameter main extends north-south between Tualatin-Sherwood Road and Herman Road.

2.4.2 B Level

The B Level primarily serves customers south of SW Tualatin-Sherwood Road and north of Ibach
Street (see Figure 2-1).

2.4.2.1 Supply

During normal operations, the B Level is supplied by a single FCV/PRV off the TSM at Boones Ferry
Road. This valve drops the hydraulic grade from approximately 530 feet, as set by the PWB Powell
Butte Reservoir, to 399 feet, as set by the B Level Reservoirs. This valve is set by flow control and
operates in two conditions: reservoir filling and reservoir supply. During reservoir filling, the valve
supplies approximately 3,100 gpm to the B Level customers with excess supply filling the B
Reservoirs, with the limitation on available capacity being over pressurization of low elevation
customers in the B level. The C Level pump station subsequently pumps out of the B Reservoirs to
supply the C Level. During reservoir supply (low demand periods), to facilitate turnover of water
in the B Level Reservoirs, the Boones Ferry valve operates at approximately 400 gpm (during
periods when the ASR well is not being recharged).

There are times at which a combination of factors including high system demands, simultaneous
low tank levels in the B and C Levels, and supply limitations that result in unsatisfactory supply to
the B and C Levels. This deficiency is addressed in further detail in Section 5.

Additional supply comes from the City’s ASR facility, which is connected to the B Level distribution
system. In the winter, water is injected into the aquifer from the B level at a rate of approximately
350 to 400 gpm. In the summer, water is recovered from the aquifer and supplied to the B level
at a rate of 350 gpm. Additional explanation of ASR operations is included earlier in Section 2.2.2.

In an emergency, two PRPS valves exist at Osage Street and Dakota Avenue can provide limited
supply from the C Level to the B level. These valves operate in the same way as the PRPS valves
from the B to A Levels.

17-2000 Page 2-12 Water System Master Plan
March 2023 Existing Water System City of Tualatin



2.4.2.1.1 Pump Stations

Historically, the Martinazzi Pump Station and the Boones Ferry Pump Station supplied water to
the B Level, pumping water from A Level distribution. However, these pump stations have not
been operated as part of normal system operation for at least 20 years. As such, the ability to
reliably operate these stations in the event of a supply failure of either the Boones Ferry FCV/PRV
or PWB supply through the TSM is uncertain at this time. Further analysis of the functionality and
value of the pump stations is presented in Section 5.

The Boones Ferry Pump Station is located near the intersection of SW Boones Ferry Road and
SW Mohawk Street in a buried, pre-fabricated vault. The pump station is adjacent to the Boones
Ferry FCV/PRV and has historically been used to pump water from the A to B Levels. The pump
station houses two 25-hp, 500 gpm centrifugal pumps. The Boones Ferry Pump Station has not
been upgraded or exercised in at least a decade. Extensive studies and upgrades would likely be
required to operate the station at a reliable level of service.

The Martinazzi Pump Station is located near the northeast corner of the intersection of SW
Martinazzi Avenue and SW Warm Springs Street in a below grade, cast-in-place, concrete vault.
The pump station is used to pump water from the A to B levels. The pump station currently houses
two centrifugal 50-hp pumps, each with a nominal capacity of approximately 1,000 gpm. The
pump performance curves for the Martinazzi Pump Station pumps are included as Appendix C.

2.4.2.2 Storage

Storage in the B Level is consolidated at the Norwood site, south of the City near the Horizon
Christian School. Two welded steel tanks provide a total of 5.0 MG of storage at an overflow
elevation of 399 feet. The 2.2 MG B-1 Reservoir was built in 1971 and the 2.8 MG B-2 Reservoir
was built in 1989. Both were seismically upgraded to 2006 standards. The B-1 Reservoir received
a new concrete ringwall, manway, anchor bolts, and new welded steel anchor chairs. The B-2
Reservoir received similar upgrades and additional pipe modifications. The B-1 Reservoir was
repainted and sandblasted in 2015 and similar rehab to the B-2 Reservoir is planned.

2.4.2.3 Distribution

The B Level distribution system is looped with 12-inch diameter lines along Sagert Street, Avery
Street, Borland Road and Boones Ferry Road, and along Ibach Street to the ASR facility. The B
Reservoirs are connected to the rest of the B Level distribution system by approximately 4,800 LF
of 12-inch diameter cast iron main.

2.4.3 C Level

The C Level primarily serves residential customers south of Ibach Street (see Figure 2-1).
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2.4.3.1 Supply

The C Level is supplied only by the Norwood Pump Station at the Norwood site. The pump station
was upgraded in 2009 and houses twin 75 hp, 1,400 gpm pumps with variable frequency drives
(VFDs). The pump performance curves for the Norwood Pump Station are included as Appendix C.
In the event of a power outage, the station is equipped with automatic switching for continued
operation with a mobile standby generator.

2.4.3.2 Storage

The Norwood Pump Station pumps from the B Level to the C Level Reservoirs located at the
Frobase site, south of the City. The 0.8 MG C-1 tank was built in 1981 and underwent seismic
improvements including construction of a new concrete ringwall and concrete collar around the
base of the tank in 2006. Further seismic improvements completed in 2017, included installation
of a new roof and center column to raise the available freeboard for sloshing during a seismic
event. The C-2 tank was built in 2016 and provides an additional 1.0 MG of storage.

2.4.3.3 Distribution

Distribution mains in the C Level are primarily looped, 8- and 10-inch diameter residential
distribution mains with a 10-inch diameter main from lowa Street to Grahams Ferry Road and 12-
inch diameter mains in Grahams Ferry Road and Boones Ferry Road. From immediately west of
Interstate 5 (I-5), extending east on Norwood Road across I-5 and south, the piping between the
Norwood Pump Station and the C Level (Frobase) Reservoirs is a single dead end 12-inch diameter
main.

2.4.4 Bridgeport Village

The BV Level is an isolated zone supplying commercial customers within Bridgeport Village, north
of the City (see Figure 2-1).

Bridgeport Village does not contain gravity storage. Instead, the BV Level is constantly supplied
directly from the TSM through the SW 82nd Avenue PRV which drops the hydraulic grade from
approximately 530 feet to an HGL of approximately 360 feet (or approximately 80 psi) in the BV
Level. A second PRV from the City of Tigard is available for additional fire suppression flow capacity,
or in the event the pressure downstream of this valve drops below 65 psi (15 psi lower than
normal).

2.4.5 Corrosion Control System

Corrosion of metal (such as a pipeline or reservoir) is a natural process by which the refined metal
returns to its original native mineral state as an ore (the familiar red rust). The process is an
electrochemical reaction between the metal and its environment that results in a loss of material
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at the anode (the pipe or reservoir wall). Stray current from rail, high voltage power lines, and
other utilities can accelerate this process if infrastructure is not protected.

Soil corrosivity also affects corrosion. The City has not conducted a corrosion study to determine
local soil corrosivity. Anecdotally, the City does not experience significant corrosion, so it is likely
the soil is not very corrosive.

There are several methods of protecting infrastructure from corrosion including passive cathodic
protection (CP), active CP, and other physical methods.

= |na passive CP system, a sacrificial material is added to the circuit, often in the form of zinc
and/or magnesium plates buried in the soil and connected to the pipeline with a wire. Zinc
and magnesium oxidize more readily than steel or cast iron and therefore corrosion occurs
at the anode rather than the pipe.

= An active CP system or impressed current system includes the addition of an electrical
current to the pipeline to further force the reaction away from the pipeline and using the
pipe as the anode.

=  Physical barriers can also limit corrosion. These include methods such as poly-wrap or
coatings.

The City has installed a passive CP system on the TSM within the system and an active CP system
on large diameter piping north of 72nd Avenue to Florence Lane. Four of the reservoirs (A-1, B-1,
B-2, and C-1) all have functioning active CP systems. The active CP system at the C-2 Reservoir,
built in 2016, has not yet been connected. This is common practice to provide sufficient time for
possible manufacturing errors in the coating to be fixed within the warranty period by the
contractor. The A-2 Reservoir, built in 2006, does not have a CP system.

2.5 System Summary

The following tables summarize the components of the City's Water System.
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Table 2-4 | Flow Control Supply Valves

Valve October - May June - September
Valve ID Upper  Lower Diameter : : : : ; :
Zone  Zone \ Low Setting High Setting | Low Setting High Setting
(in) (gpm) (gpm)
72nd Ave TSM A 6/12 200 700 500 1,000
City Park TSM A 3/12 50 100 50 100
108th/Operations TSM A 8/12 200 800 400 1,200
Leveton TSM A 4/12 50 400 100 600
Boones Ferry TSM B 10/- 400 2,200 1,000 3,100

Table 2-5 | Pressure Reducing Supply Valves
- Ground Valvel Valve2 Valvel Valve2

Upper Lower

Valve ID Type Zone Zone Diameter Dlameter Settl'ng Settl'ng
() (psi) (psi)
Bridgeport (Portland) PRV TSM BV 175 3 8 360 348
Bridgeport (Tigard) PRV  Tigard BV 175 3 8 325 318

Table 2-6 | Pressure Reducing/Pressure Sustaining Valves

Pressure Reducing Setting | Pressure Sustaining Setting

Valve ID Upper Lower

Zone Zone
Avery Street B A 35 251 84 364
65th Avenue B A 50 246 99 359
Chesapeake Drive B A 28 265 78 380
Mohawk Street B A 41 255 91 370
57th Avenue B A 34 242 84 357
Dakota Drive C B 33 358 84 476
Osage Street C B 33 356 84 474

Note:
These valves typically remain closed. Pressure reducing function activates to supply lower zones in the event of an
emergency, or high flow event as all zones are primarily served by other means.
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Table 2-7 | Storage Reservoirs

Max Available Floor Overf!ow
\ ' : Elevation/
Reservoir Name Volume Capacity Elevation
. e (ft) Max. Water
& & Depth (ft)
A-1 (Avery) 2.2 1.8 248 295/ 47 50 1971 Steel 90
A-2 5.0 4.2 248 295/ 47 52 2006 Steel 135
B-1 (Norwood) 2.2 2.2 352 399/ 47 50 1971 Steel 90
B-2 (Norwood) 2.8 2.8 352 399/ 47 50 1989 Steel 100
C-1 (Frobase) 0.8 0.8 458.5 507.5/ 49 53 1981 Steel 54
C-2 (Frobase) 1.0 1.0 458.5 507.5/ 49 53 2016 Steel 59
Note:

As noted earlier in this section, maximum volume reflects the maximum volume of water stored in the reservoir. Where
storage is below an elevation required to provide 25 psi to customers, it is considered dead storage and not included in
available capacity.

Table 2-8 | Pump Stations

Individual Eirm
Pump Facility Supplying Receiving No. of Pump .
Station Type? Zone Zone Pumps Capacity Capautzy Pump Type
(gpm)
(gpm)
Martinazzi® Emergency A B 2 1,000 1,000 End-S.uct|on
Centrifugal
Boones As discussed early in this section, the Boones Ferry PS is no longer considered operational,
Ferry and is not part of the active water system analyzed in this WSMP.
C Level : Distribution B c ) 1,400 1,400 End-s.uct|on
(Norwood) System centrifugal
Notes:

1. Facility type indicates how the station functions in the system. The City has one distribution system pump station (C
Level) that is required for normal service and is operated daily. The City has one permanent emergency station that may
be available for emergency use to pump water from the A to B levels, if the Boones Ferry FCV/PRV is out for an extended
period. Recent operation of this pump station has been limited so it is not guaranteed supply.

2. Firm Capacity: Operating capacity with largest pump out of service.

3. Pump performance curves are included in Appendix C of this WSMP.
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Section 3

Water Requirements

3.1 Introduction

This section presents the development of water demand forecasts for the City’s water service
area. Population and water demand forecasts are developed from regional and City planning data,
current land use designations, historical water demand records, and previous City water supply
planning efforts. A description of the water service area limits is also included in this section.

The City conducts an annual demand estimate as part of their contract with the PWB. The annual
demand estimates are used to determine peak three-day demand, peak season demand, annual
demand, and interruptible water demand. These values may be different from the ones calculated
in this section and should not be interchanged.

3.2 Planning and Service Areas

The current water service area includes the area within the existing city limits plus two small areas
outside the city limits that are served by the City. The entire Bridgeport Village commercial area in
the northeast is served by the City including the movie theater that is in the City of Tigard. East of
the freeway, the residential lots between the Tualatin River and SW Childs Road in the City of
Rivergrove, as well as the commercial/industrial area between SW 63rd Avenue and I-5, are also
served by the City. These areas are illustrated in Figure 3-1.

3.2.1 Development Areas

Two large development areas are currently under consideration for City service: the Basalt Creek
Area and the Southwest Industrial Area. Both areas are expected to begin development within the
20-year planning period of this WSMP. In addition, this WSMP provides a cursory look at impacts
of potential service to the Stafford Urban Reserve area that could be brought into the UGB in the
future and incorporated into the City.

3.2.1.1 Basalt Creek Area

The Basalt Creek Area is located south of the city limits, within the UGB, and just north of the City
of Wilsonville. The area will be served by both cities, divided into north and south sections
approximately along Greenhill Road. The area highlighted in Figure 3-1 is the area anticipated to
be served by the City of Tualatin.
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Annexation to the City of Tualatin in the Basalt Creek area, including specific local roadways and
development configurations will be determined with the review and approval of land use
applications. A combination of single family residential, multifamily residential, and commercial
development is expected in currently vacant land within the City’s service area.

3.2.1.2 Southwest Industrial Area

The Southwest Industrial Area was studied in the prior WSMP, although development in the area
has still not occurred. The area is located southwest of the City and within the UGB.

The updated development plan includes a mix of industrial and commercial zoning. However, the
Tigard Sand and Gravel Quarry is currently operating in the area and is expected to continue
operations through this planning period. Therefore, for the purpose of this plan, development will
be assumed to be restricted to select taxlots north and south of the quarry. There is no expected
increase in population from this area, although some water intensive industries could drastically
increase the water demand, if allowed by the City.

3.3 Historical and Future Population Estimates

In 2020, Tualatin supplied water to approximately 27,195 residents. Current and historical
population estimates for the City were taken from the 2020 Portland State University Population
Research Center (PSU PRC) population estimates and are presented in Figure 3-2. Over the past
five years, the average annual growth rate in the City has been approximately 0.4 percent with a
maximum annual rate of 1.6 percent in 2013.

Based on known population drivers, the City is expected to continue experiencing growth at a
similar rate. Using the past five-years’ 0.4 percent average growth rate, the 5-, 10-, 20-, and 50-
year projection population forecasts were calculated and are presented in Table 3-1 and Figure
3-2. These projections will be used to determine the timing of water supply and infrastructure
upgrades and are addressed later in this section.
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Figure 3-2 | Historical and Projected Population
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Table 3-1 | Historical and Projected Population

Year Population Average Annual Growth Rate (AAGR)
2012 26,120 1.49%
2013 26,510 1.57%
2014 26,925 -1.24%
2015 26,590 0.94%
2016 26,840 0.45%
2017 26,960 0.35%
2018 27,055 0.30%
2019 27,135 0.30%
2020 27,195 0.40%
2025 27,813 0.40%
2030 28,391 0.40%
2040 29,583 0.40%
2070 33,469 0.40%

Note:
1. The negative growth rate for 2014 to 2015 population estimates is assumed to be an anomaly and reflect the level of
accuracy available from annual population estimates.
2. AAGR after 2019 is used to project populations.

3.4 Historical Water Usage

Terminology used in this section to describe uses of drinking water supplied by the municipal water
system is defined below.

A water balance accounts for all water supplies and demands in the system.

Water consumption is the amount of metered water usage billed to customers by the City. Water
consumption is also commonly referred to as customer usage.

Water demand refers to all water requirements in the system including water consumption, ASR
recharge and unaccounted-for water.

Water production is the amount of water produced and delivered to the distribution system. The
City of Tualatin purchases wholesale water from PWB. The City also recovers water from an ASR
well it recharges annually. For the purposes of this study, water production is purchased plus
recovered water.

Unaccounted-for water includes system leakage, or water loss, and unmetered uses.
Unaccounted-for water is the unmeasured portion of the water balance and can be calculated as
the difference between water production and water demand.

Peaking factor is the ratio of high to low water demand and is useful for characterizing the total
water system demands. Peaking factors can be developed for any number of demand conditions
such as maximum day demand (MDD) or peak hour demand (PHD) to average day demand (ADD).
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Water usage is discussed in terms of volume per unit of time such as gpm, gallons per day (gpd),
or mgd. Demands are also related to per capita use such as gallons per capita per day (gpcd) or
per acre use such as gallons per acre per day (gpad).

3.4.1 Historical Water Production and Demand

The City’s water balance has changed significantly since the last plan. In 2011, the City of Sherwood
began transitioning supply to water from the WRWTP in Wilsonville and discontinued purchasing
PWB water wheeled through the Tualatin system. The 24-inch Sherwood supply main remains
connected as an emergency supply to the City of Sherwood but has not been utilized in several
years and would require inspection, disinfection, and flushing prior to resuming use. Also in 2011,
the City began piloting the ASR program. The City began injecting water in 2011 and began
recovering water to meet peak season demands in 2012.

3.4.1.1 Unaccounted for Water

Unaccounted for or non-revenue water in the Tualatin system is approximately six percent, which
is fairly typical for a system of this size. Unaccounted for use reflects unmetered authorized use
such as system flushing, unmetered unauthorized use, and minor leaks. Unaccounted-for water
volumes that are less than 10 percent of total water production are within an acceptable operating
range consistent with OWRD municipal water conservation guidelines (OAR 690-086-0150(4)).

Table 3-2 provides a summary of the historical water production, water demand, and
unaccounted-for water.
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Table 3-2 | Historical Water Production and Demand

Unaccounted for

Purchase/Production (MG) Demand (MG) Water
PWB ASR City of City of ASR Total Volume Percent
Supply!  Recovery? Tualatin  Sherwood Recharge? (MG)
2012 1610 62 1672 1336 133 110 1579 93 5.5%
2013 1523 55 1579 1365 66 83 1514 65 4.1%
2014 1648 53 1701 1456 85 108 1649 53 3.1%
2015 1650 50 1700 1522 28 95 1645 56 3.3%
20163 1547 43 1590 1486 0 24 1511 80 5.0%
2017 1593 44 1638 1465 1 73 1539 99 6.0%
2018 1666 37 1703 1546 0 37 1584 119 7.0%
2019 1624 30 1654 1499 0 67 1566 88 5.4%
2020 1624 22 1655 1485 0 61 1546 100 6.1%
Notes:

1. PWB Supply provided by the City from Metzger Meter Readings.
2. ASR supply assumed recovery between July 1 and September 30, and recharge between October 1 and June 30.
a. ASRvolumes documented here are per calendar year. Other documents present ASR volumes in terms of water
year.
3. ASRrecovery and recharge in 2016 were interrupted due to mechanical issues.

3.4.2 Historical Water Demand Characterization

3.4.2.1 Demand Peaking Factors

Water demands fluctuate greatly over the course of a day, month, or year. These variations reflect
changes in water use based on daily water use patterns, specific industry use, or irrigation seasons.

The industry standard to characterize system-wide water use is ADD. However, ADD does not
capture these daily or seasonal variations. Therefore, peaking factors based on the ratio of ADD to
demand in a specific period of time are used to understand these variations and predict future
maximums.

For this plan, two different sets of peaking factors will be used, the PWB wholesale contract
peaking factors and City water use peaking factors. The PWB peaking factors are used to calculate
wholesale water rates and include Peak Season Demand (PSD) and Peak Three Day Demand
(P3DD). They are based on a ratio of the City’s Guaranteed Minimum Purchase to the water
purchased during the 90 days from July 1 to September 30 and the peak three consecutive days
of water purchase during that season, respectively.

For planning purposes, peaking factors based on water demand are used for infrastructure sizing
and include MDD and PHD, calculated as the ratio of these demand periods to ADD (MDD) or MDD
(PHD).

Table 3-3 presents a summary of recent system demands and maximum peaking factors.
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Table 3-3 | System Demands

Demand Condition (mgd)

Average Day Peak Season Peak 3-Day Maximum Day Peak Hour

2014 4.36 6.78 7.71 7.83 n/a

2015 4.40 6.56 8.30 8.45 n/a

2016 4.28 6.19 7.68 8.37 n/a

2017 4.29 6.69 8.46 9.54 n/a

2018 4.56 6.61 8.14 8.41 n/a

2019 4.33 5.92 7.53 7.64 n/a
Peaking Factors: 1.47 1.82 1.92 2.0
Notes:

PHD is not available based on data provided by the City and instead the 2.0 peaking factor shown above is typical of
similar water systems in Oregon (data review for the cities of Tigard, Newberg and Beaverton — PHD peaking factor
ranged from 1.7 to 2.0).

System demands include unaccounted for water at a rate of roughly 6%.

3.4.2.2 Consumption by Customer Class

In the Tualatin water system, customers are assigned to one of five general customer classes based
on the type of water use or facility being served. Customer classes include residential, multifamily,
commercial or industrial, institutional, or City.

Consumption is split primarily between residential use and commercial or industrial use.
Residential water use is generally consistent on a per capita or per household basis. Commercial
and industrial use, however, varies depending on the type of industry. Distribution warehouses
have relatively low water consumption while fruit and vegetable processing facilities are extremely
water intensive. Therefore, it is useful to classify consumption by customer class and also to
consider the type of industry when considering future loading. Figure 3-3 illustrates consumption
by customer class for 2020.
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Figure 3-3 | Consumption by Customer Class

2020 Consumption by Customer Class (MGD; %)

0.05, 1%_\ 0.07, 2%

= Single Family Residential

= Multifamily Residential

= Commercial and Industrial
Institutional

= City

3.5 Water Demand Projections

3.5.1 Approach

In order to reasonably estimate future water demands, water use characteristics under existing
conditions must be related to some measure of future growth within the water service area.
Historical population growth often provides a reasonable approximation of system-wide water
demand growth. However, this approach is less reliable in systems with high percentages of non-
residential water demand and large areas of planned non-residential development, as there is in
Tualatin. Additionally, a population growth-based approach generally requires Capital
Improvement Program (CIP) projects to be tied to a population threshold or a fixed timeline, as
opposed to growth metrics that correlate to actual demand growth. Therefore, a more detailed
projection based on customer type and estimated development timing will be used to predict
future demands.

For this analysis, demands are standardized based on the annual average consumption of a single-
family residential unit, defined as an equivalent residential unit (ERU) and used with tax lot
information on customer class, developable acreage, and development timing to calculate system
demands from existing through buildout conditions. The following sections describe this process
including,

=  Development of an ERU demand
= Conversion of customer class demands to number of ERUs
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= Calculation of ERUs/acre for each customer class
= Application of ERUs/acre factors and calculation of forecasted system demand through
buildout condition

3.5.2 Existing Equivalent Residential Units

For this planning effort, the water needs of non-residential and multi-family residential customers
are represented in terms of single-family residential units. The number of average single-family
residential units that could be served by the water demand of these other types of customers is
referred to as the number of ERUs.

Different from actual metered service connections, ERUs relate all water services to an equivalent
number of representative single-family residential services. For example, a commercial customer
that uses on average, half the amount of water an average single family residential customer uses
(one ERU) would be represented as half of an ERU.

3.5.2.1 Average Consumption per ERU

The average consumption per ERU is calculated as the total annual consumption by single-family
residential customers divided by the total number of single-family residential service connections.
Both total consumption and total number of service connections are tracked by the City. For the
years 2012 through 2016, the average daily consumption per ERU for the City was approximately
231 gpd and based on a review of more recent data, this still represents an accurate estimate of
usage per ERU for forecasting.

3.5.2.2 Existing ERUs by Customer Class

For this WSMP, customers within each customer class are assumed to share similar water use
characteristics. Therefore, the total number of existing ERUs per customer class is calculated by
dividing the aggregate annual consumption of each customer class by the average consumption
per ERU. This total number of ERUs is then distributed across developed tax lots to calculate
existing ERUs per acre for each customer class. Table 3-4 presents the results of these calculations.
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Table 3-4 | Existing ERUs and Developed Area Summary by Customer Class

2016 Water

Customer Class Consumption 2016 ERUs? ADrz\;e(I:Cpri:) ERUs per Acre
(MGD)1
Single Family 1.32 5,701 1,318 4.3
Multifamily 0.70 3,014 325 9.3
Commercial and Industrial 1.90 8,218 1,807 4.5
Institutional 0.05 219 190 1.2
Public 0.11 465 141 3.3
System Wide Total 4.07 17,617 3,781
Notes:
1. 2016 Water Consumption is based on consumption data and does not include the approximately 5% of unaccounted for
demands.

2. ERU differences between Table 3-4 and 3-5 due to rounding.
3.5.2.2.1 Determining Existing Developed Acreage and Customer Class

Determining existing developed acreage and customer class required understanding demands on
a per tax lot basis. Geolocated water billing records and data available through Metro’s Regional
Land Information System (RLIS) were used to classify tax lots. In an ideal system, each address of
a water billing record would match an address of a developed tax lot. However, differences in
address syntax between RLIS tax lot information and City water billing records, as well as multiple
tax lot records that exist for a single water service prevent this one-to-one match. To account for
these deficiencies, determining the customer class and development potential of tax lots is a
multistep process.

First, tax lot addresses that matched geolocated billing data or were easily spatially linked to billing
data were considered developed and assigned a customer class from the billing data.
Approximately 80 percent of tax lots were classified through this method.

The remaining tax lots were classified based on Metro data and aerial photography review.
Customer class was assigned based on LANDUSE categories available from Metro. Development
was primarily based on BLDGVAL greater than 0 and spot checked with aerial photography for
accuracy.

3.5.2.3 Existing ERUs by Service Level

The existing number of ERUs in each service level were estimated using the ERUs per acre
calculated in Table 3-4 and the tax lot data developed in the prior section. Existing 2016 demand
and ERUs for each service level are summarized in Table 3-5. The 2016 data represents the current
distribution of demand and customers by zone. A review of 2017 through 2020 data confirmed
that customer water use distribution and characteristics have remained consistent.
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Table 3-5 | Estimated Existing Water Consumption and ERUs by Service Level

Service Level 2016 ERUs 2016 Water Consumption (MGD)! Existing Consumption %
A 9,680 2.24 55%
B 6,336 1.46 36%
C 1,456 0.34 8%
BV 134 0.03 1%
Total 17,606 4.07
Notes:

1. Existing consumption calculated without the 5% unaccounted for water.

3.5.3 Future ERUs and Water Demands

As described earlier in this section, future ERUs and associated water demands are assigned to
each service level based on the land use type and the total developable land available in each
service level. Development is expected both as new development within and outside of the
existing service area, and redevelopment of large parcels within the existing service area. The
projected timing of development and redevelopment was developed with input from the City’s
Planning Division. A summarized report of expected ERUs and demands by pressure zone is
included in Table 3-6 at the end of this section.

3.5.3.1 Development and Redevelopment Areas

All areas located within the 100-year floodplain based on Federal Emergency Management Agency
(FEMA) flood mapping, and with a slope greater than 25 percent based on RLIS hazard mapping,
are considered undevelopable. Existing developed tax lots within these zones are considered
developed but no new development or redevelopment will occur in the future. This is consistent
with similar planning efforts in the region.

3.5.3.1.1 SW Industrial Area

The SW Industrial Area is expected to eventually develop as entirely commercial or industrial
businesses at existing “Commercial and Industrial” densities. However, the existing Tigard Sand
and Gravel quarry in the middle of the planning area will likely continue to operate and not develop
for the planning period of this WSMP. For the purposes of this WSMP, it is anticipated that no
additional development will occur in the 20-year planning horizon. Buildout conditions would
include full development of commercial and industrial acreage in the area. Most of the SW
Industrial Area will be served by the B Level, although portions of the quarry will require C Level
pressures.

3.5.3.1.2 Basalt Creek Area

The City of Tualatin portion of the Basalt Creek Area is expected to develop as a mixture of
residential and commercial or industrial. Customer class is assigned based on City planning
documents. Residential development is expected to occur at a density of 8 ERUs/net acre, to
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account for both single family and multifamily residential development. Residential areas will likely
develop within the next five years while non-residential will likely begin development five years
after residential development and will not reach saturation development within this planning
period. For the purposes of this WSMP, at buildout, the Basalt Creek Area is forecasted to have
approximately 1,600 ERUs.

3.5.3.1.3 Development within Existing Service Area

There are limited undeveloped areas within the existing service area. Residential areas will likely
develop within the next five years at densities closer to 6 ERUs/acre. Employment and industrial
areas will continue developing at existing densities within the next 10-20 years.

3.5.3.1.4 Redevelopment within Existing Service Area

Redevelopment of single-family residential tax lots greater than 0.5 acres is expected to occur
where environmental hazards do not exist. Development is expected at densities of 6 ERUs/acre
after development occurs elsewhere in the system.

3.5.3.2 Future Demands

Future demands are calculated for the whole system and by service level at 5-, 10-, and 20-years,
and for buildout conditions, presented in Table 3-6. The forecasted time steps support
identification of existing and future system deficiencies, prioritization of CIP projects to support
development and growth, and sizing of future infrastructure to serve the long-term needs of the
City.

The forecasted number of ERUs and future water demands are calculated based on the 2020
estimate of system demand and a 0.4 percent growth rate, resulting in a buildout of the City’s
water service area in approximately 30 years. The distribution of future demands by pressure zone
was developed using the assumptions for development timing and future ERU densities as
described in Section 3.5.3.1.
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Table 3-6 | Future ERUs and Water Demand Summary by Service Level

Service Level 2025 2030 2040 Buildout
A 9,680 9,841 10,541 10,991 11,491 11,591
B 6,336 6,441 6,741 7,241 7,341 8,491
C 1,456 1,480 1,930 2,530 2,830 3,080
BV 134 136 136 136 136 136
Total 17,606 17,898 19,348 20,898 21,798 23,298
Average Day Demand?
A 2.35 2.39 2.55 2.66 2.78 2.81
B 1.54 1.56 1.63 1.75 1.78 2.06
C 0.35 0.36 0.47 0.61 0.69 0.75
BV 0.03 0.03 0.03 0.03 0.03 0.03
Total 4,27 4.34 4.69 5.06 5.28 5.65
Maximum Day Demand’ 2
A 4.50 4.58 4.90 5.11 5.34 5.39
B 2.95 2.99 3.13 3.37 3.41 3.95
C 0.68 0.69 0.90 1.18 1.32 1.43
BV 0.06 0.06 0.06 0.06 0.06 0.06
Total 8.19 8.32 9.00 9.72 10.14 10.83

Notes:
1.  Demands include a 5% markup for unaccounted for water
2. MDD:ADD peaking factor = 1.92
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Section 4

Planning and Analysis Criteria

4.1 Introduction

This section documents the performance criteria used for water system analysis presented in
Section 5 of this WSMP. Criteria are established for evaluating water supply, distribution system
piping, service pressures, storage and pumping capacity, and fire flow availability. These criteria
are used in conjunction with the water demand forecasts presented in Section 3 to complete the
water system analysis.

4.2 Performance Criteria

The water distribution system should be capable of operating within certain performance limits
under existing, 20-year, and buildout conditions.

The recommendations of this plan are based on the performance criteria summarized in Table 4-
3 at the end of this section. These criteria have been developed through a review of City design
standards, State requirements, American Water Works Association (AWWA) acceptable practice
guidelines, Ten States Standards, the Washington Water System Design Manual, the Oregon
Resilience Plan, and practices of other water providers in the region.

4.2.1 Water Supply

As described in Section 2, the City’s sole supply is wholesale water purchased from PWB and
delivered through the 66-inch diameter WCSL, the 48-inch diameter MTSM to the PWB master
meter at Florence Lane, and the 36-inch diameter TSM. The primary water supply for PWB is the
Bull Run Watershed and secondary supply is the Columbia South Shore Wellfield.

4.2.1.1 Supply Capacity

During peak summer water demand, the City withdraws water at a limited rate from the Columbia
River Basalt Group (CRBG) aquifer with an ASR well. Total volume of available water in the aquifer
is limited to 95 percent of water injected that year and an annually decreasing volume of water
not recovered in previous years. Emergency interties with the Cities of Tigard, Sherwood, Lake
Oswego, and Wilsonville, the Willamette Water Supply System, and the Rivergrove Water District
can also likely provide minimal additional supply although these interties have rarely been utilized
and the actual capacity is available is undocumented.
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Due to seasonal changes in the City’s supply sources, such as ASR supply availability during the
summer months and the need to inject water for ASR in the winter, it is important to look at the
impact of both the peak and off-peak season water demands on the City’s supply capacity.

Based on current water system operations, the City should plan for adequate peak season
(summer) supply capacity to provide MDD from PWB. The supply system must also be capable of
providing ADD plus water for ASR injection during the off-peak season. For the purposes of this
WSMP, the off-peak season is defined as the period when the City is injecting supply to the ASR
wells, from approximately November to mid-May each year.

4.2.1.2 Supply Transmission
For the City’s system, transmission piping is piping that falls into one of two categories.

= Mains that operate a hydraulic grade independent of the surrounding pressure zone: the
key features of these transmission mains are that they do not have service connections
and are not directly connected to the surrounding distribution mains. These mains, include
the TSM, the 24-inch diameter main in Boones Ferry Road between the TSM and the
Boones Ferry FCV/PRV, and the mains extending from the TSM to the 10th/Operations and
Levelton FCV/PRVs.

= Distribution mains larger than 12-inch diameter which operate at the same hydraulic grade
as the adjacent distribution mains: the key features of these transmission mains are that
they may have direct service connections and are directly connected to those adjacent
distribution mains.

Transmission mains will be evaluated based on: 1) the required carrying capacity to serve their
purpose (i.e., for the TSM, the capacity to supply MDD from PWB wholesale supply) and
2) maintaining a maximum velocity of 8 feet per second (fps) under peak flow conditions. While
this velocity criteria will typically not be used as a sole basis for recommending improvements, it
provides a basis for identifying potential capacity deficiencies and for sizing future mains.

4.2.2 Distribution System

The distribution system will be evaluated under two demand scenarios: 1) MDD + fire flow and
2) PHD. These two scenarios typically account for the largest instantaneous demands on the
system. Evaluating the system under these conditions helps identify deficiencies in the distribution
network and suggest improvements to be included in the Capital Improvements Projects list.

4.2.2.1 Main Size

Typically, new water distribution mains should be at least 8 inches in diameter to supply minimum
fire flows. Potential water quality issues will be considered on a case by case basis when sizing
pipes for any proposed water main improvements identified during distribution system analysis.
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4.2.3 Service Pressure

Water distribution systems are separated by ground elevation into pressure zones to provide
service pressures within an acceptable range to all customers. Typically, water from a reservoir
will serve customers by gravity within a specified range of ground elevations so as to maintain
acceptable minimum and maximum water pressures at each individual service connection. When
it is not feasible or practical to have a separate reservoir for each pressure zone, pump stations or
PRVs are used to serve customers in different pressure zones from a single reservoir.

The three primary Tualatin pressure zones are served by reservoirs in each zone while the
Bridgeport service area is only supplied by PRV connection to the TSM. PRVs also exist between
service areas within the system for emergency supply.

The acceptable service pressure range under normal (ADD) operating conditions is 50 to 80 psi.
Where mainline pressures exceed 80 psi, services must be equipped with individual PRVs to
maintain their static pressures at no more than 80 psi in compliance with the Oregon Plumbing
Specialty Code. A maximum mainline pressure of 110 psi is recommended, except in special
circumstances (such as a high-pressure transmission main without services or looping connections
to distribution).

The minimum residual service pressure at any meter under fire flow conditions during MDD is 20
psi as required by Oregon Health Authority (OHA) regulations and OAR 333-061. As an added
factor of safety, the City has a goal of reaching 25 psi under these same conditions. This condition
should be met even under the most extreme storage conditions where all operational,
equalization, and fire suppression storage is depleted. Recommended service pressure criteria are
summarized in Table 4-1.

Table 4-1 | Recommended Service Pressure Criteria

Service Pressure Criterion Press_ure
(psi)
Minimum, during emergency or fire flow (5 psi higher than requlatory minimum of 20 psi) 25
Normal minimum, during ADD (used to establish pressure zone boundaries) 50
Normal Maximum (to guide pressure zone boundaries for customer compliance with the 30
Oregon Plumbing Specialty Code)
Maximum Mainline Pressure 110

4.2.4 Required Fire Flow

The water distribution system nominally provides water for domestic uses and is also expected to
provide water for fire suppression. The amount of water required for fire suppression purposes is
associated with the local building size and type or land use of a specific location within the
distribution system. Fire flow requirements are typically much greater in magnitude than the MDD
in any local area. Adequate hydraulic capacity must be provided for these potentially large fire
flow demands. Emergency response in the City is provided by TVFR. TVFR establishes fire flow
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requirements for each building within the City. General TVFR fire flow guidelines are described in
the Fire Code Applications Guide consistent with the 2019 Oregon Fire Code (OFC). Fire flow
requirements by land use type based on these guidelines are summarized in Table 4-2 and reflect
a balance between providing fire suppression flows from the water system and requiring onsite
fire suppression (per the OFC) to reduce the demand on the water system.

4.2.4.1 Single-Family Residential

The OFC and TVFR guidelines specify a minimum fire flow of 1,000 gpm for single-family and two-
family dwellings with a square footage less than 3,600 square feet. For residential structures larger
than 3,600 square feet, the minimum fire flow requirement is 1,750 gpm.

For the purposes of this WSMP, distribution piping fire flow capacity will be tested in the water
system hydraulic model with a requirement of 1,000 gpm. For structures requiring a larger fire
flow rate, the City has determined that the developer/owner may require sprinklers to reduce fire
flow requirements to 1,000 gpm.

4.2.4.2 Multi-Family Residential

A required fire flow of 2,000 gpm is recommended for medium density residential properties.
Properties zoned for neighborhood services and community services commercial are anticipated
to require similar flows for fire suppression. While onsite fire sprinkler use can reduce the fire flow
requirement for specific structures, it is recommended that the City plan for system storage,
pumping and distribution capacity to meet a 2,000 gpm fire flow in all pressure zones with
potential multi-family development.

4.2.4.3 Commercial, Industrial, and Institutional

A 3,000 gpm fire flow is recommended for commercial, industrial, and institutional development
consistent with TVFR maximum fire flow guidelines. This maximum fire flow requirement is also
appropriate for institutional and public facilities, such as schools or community centers. As with
other development types, the actual required fire flow for a given structure will vary depending
on construction type, occupancy, and the presence of onsite fire sprinklers. It is recommended
that the City plan for system storage, pumping and distribution capacity to meet a 3,000 gpm fire
flow in all pressure zones with potential large commercial or industrial development.

Recommended fire flow requirements by land use type are summarized in Table 4-2.

Table 4-2 | Required Fire Flow Summary

. ) Required Fire Required
L Z
and Use Type Applicable Zoning o [T D Ay
Single-Family Residential RL, RML 1,000 1
Multi-Family Residential 2,000 2
RMH, RH, RH-HR
Commercial, Industrial, and Institutional Y 3,000 3
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4.2.5 Storage Capacity

City water storage reservoirs should provide capacity for four purposes: operational storage, fire
storage, equalization storage, and standby or emergency storage. Additionally, dead storage and
headroom for seismic sloshing should also be included in storage volume calculations, where tanks
have not been constructed to include seismic slosh height. While storage is typically discussed as
a volume, limiting factors may actually be based on vertical space in a tank, flow rates, or actual
volume of water. Adequate storage capacity for each purpose must be provided for each pressure
zone, although the volume may be divided among multiple tanks. Figure 4-1 provides a visual of
the six storage volume components. A brief discussion of each storage element is included below,
based on the Washington State Water System Design Manual guidelines.

4.2.5.1 Operational Storage

Operational storage is the volume of water stored between the nominal on/off reservoir level set
points for the supplying pump stations or supply valves. This volume is dedicated to supplying
demand fluctuations throughout the day and minimizing constant pump cycling. Operational
storage can be varied throughout the year to provide reservoir turnover. For example, winter tank
levels are normally set lower than summer levels to allow for continued turnover with lower winter
demands.

4.2.5.2 Fire Storage

Water stored for fire suppression is typically provided to meet the single most severe fire flow
demand within each pressure zone. Fire services in the City water service area are provided by
Tualatin Valley Fire & Rescue (TVFR). Although the final fire flow requirement for any one property
is determined by the Fire Marshal, TVFR provides the Fire Code Applications Guide which addresses
general requirements by building construction and development type.

The maximum required fire flow for any future development in the TVFR service area is 3,000 gpm
for arecommended duration of three hours. The recommended fire storage volume is determined
by multiplying the fire flow rate by the duration of that flow. Fire flow requirements by land use
type and zoning are discussed later in this section and summarized in Table 4-2.

4.2.5.3 Equalization Storage

Equalization storage is required to meet water system demands when zone demands exceed
supply delivery capacity. The Washington Standards calculate equalization storage as,

(Peak Hour Demand - Qs) x 150 minutes

Where Qs is the total supply available to the zone excluding emergency supply.
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Figure 4-1 | Storage Volumes

SEISMIC

Space above the reservoir overflow to top of wall shell for seismic protection. Required
height varies (site specific), but is typically 5 ft +/- in western Oregon for welded steel tanks

OPERATIONAL

Volume of water contained between the high/low set points for system supply. Used to
provide a reasonable range of on/off setpoints for supply facilities (pump stations or
wholesale supply control valves).

EQUALIZATION

EMERGENCY

Volume of water available to offset variations in demand throughout the day that exceed
supply to the zone. This component of storage is expected to be supplied to the system
during high demand times (mid-morning and early evening) and refilled during lower
demand times (early morning and late night).

Volume of water required for the largest fire flow requirement in the zone. The water
provider may choose to have this volume overlap the emergency volume, assuming that
the two events will not occur simultaneously.

Volume of water available in the event of a short-term emergency such as a disruption of
wholesale supply from Portland or a temporary disruption of pump station operation.
Under these conditions, customer demands would be met from this emergency storage
volume for up to 1-2 days depending on the level of water use.

Volume of water below the level that is adequate to supply 25 psi. Volume may still be
available for use following a major emergency (such as a large seismic event) but is not
included in the calculation of available storage for system operation.
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4.2.5.4 Emergency Storage

Emergency storage is provided to supply water from storage during emergencies such as supply
pipeline failures, equipment failures, power outages, or natural disasters. The amount of
emergency storage provided can be highly variable depending upon an assessment of risk and the
desired degree of system reliability. For the City of Tualatin system, an emergency storage volume
of 2x ADD is recommended, consistent with recommendations in the Washington State Water
System Design Manual.

4.2.5.5 Dead Storge and Seismic Volume

Some reservoirs may include two additional, non-usable volumes of air or water. Dead storage is
the volume of water at the base of a reservoir that does not provide a minimum 25 psi or exists
below the outlet. Seismic volume is only required in older reservoirs that do not meet current
seismic standards. It includes the volume of space between the maximum water surface allowed
and the base of the tank roof. This space is maintained as a buffer in the event of a seismic event
to minimize forces on the tank caused by uplift and the resultant sloshing. For older reservoirs
with inadequate freeboard, this volume of space may require the reservoir to be operated such
that the maximum operational level is below the set overflow elevation of the tank.

4.2.6 Pump Stations

4.2.6.1 Station Capacity

Pumping capacity requirements vary depending on the water demand, volume of available
storage, and the number of pumping facilities serving a particular pressure zone. When pumping
to storage reservoirs, a firm pumping capacity equal to the pressure zone’s MDD is recommended.
Firm pumping capacity is defined as a station’s pumping capacity with the largest pump out of
service.

4.2.6.2 Backup Power

It is recommended that pump stations supplying gravity storage reservoirs include, at a minimum,
manual transfer switches and connections for a portable back-up generator. Automatic transfer
switches, however, are preferable and are the updated recommended standard. The emergency
storage volume in each reservoir will provide short term water service reliability in case of a power
outage at the pump station. Permanently installed onsite back-up generators should be in place
for pump stations critical to the City’s operations (i.e., Norwood Pump Station).

4.3 Seismic Resilience

Recently, regional emergency preparedness programs have focused on the eminent threat and
extreme risk of a CSZ earthquake. Following this research, the State of Oregon has developed the
ORP to establish target timelines for utilities to provide service following a seismic event.
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As part of this WSMP, the City completed a seismic risk assessment of their existing water system.
Seismic criteria and analysis are presented in Section 7.

4.4 Summary

The criteria presented in this section and summarized in Table 4-3 were developed from various
regional planning and design standard documents, state requirements, as well as criteria used in
similar regional systems. The criteria will be used to evaluate the existing system in Section 5 and
additional criteria related to seismic resilience will be developed and presented in Section 7.
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Table 4-3 | Water System Performance Criteria

Water System Facility

Evaluation Criterion

Design Standard/Guideline

Water Supply

Service Pressure

Distribution Piping

Storage

Pump Stations

Required Fire Flow and
Duration

Transmission Capacity

MDD

Supply Capacity

Normal Range (ADD?!
Conditions)

Summer: MDD
Winter: ADD + ASR Recharge

50-80 psi

Ten State Standards,
Washington Water System
Design Manual

Ten State Standards

Maximum

110 psi system pressure and 80 psi at service with individual PRVs

Oregon Plumbing Specialty
Code, Section 608.2

Minimum, during MDD?
with Fire Flow

Velocity during PHD*

25 psi

Not to exceed 8 fps

2019 Oregon Fire Code, OAR
333-061, City recommendation
AWWA M32, Washington
Water System Design Manual

Minimum Pipe Diameter

Total Available Storage
Capacity

8-inch diameter ductile iron, 4- or 6-inch acceptable for short mains
without fire service

Sum of operational, equalization, fire suppression, and emergency
storage volumes (does not include seismic or dead storage volumes)

Tualatin Public Works
Construction Code

Operational Tank level set points Washington Water System
Equalization (PHD-Qs)*(150 minutes) Design Manual

Fire Required fire flow x flow duration

Emergency (Standby) 2 xADD

Minimum no. of Pumps 2 Ten State Standards

Open Zone Capacity? MDD Washington Water System

(firm capacity)

Design Manual

Backup Power
Single Family Residential

At least two independent sources
1,000 gpm for 1 hour

Multifamily Residential

2,000 gpm for 2 hours

Commercial, Industrial,
and Institutional

3,000 gpm for 3 hours

Ten State Standards

2019 Oregon Fire Code,
Tualatin Valley Fire & Rescue
Fire Code Applications Guide

Notes:

1. ADD: Average daily demand, defined as the average volume of water delivered to the system during a 24-hour period = total annual demand/365 days per year. MDD:
Maximum day demand, defined as the maximum volume of water delivered to the system during any single day. PHD: Peak hour demand, generally the peak hour of MDD.
Estimated as 2xMDD.

2. Open zone is defined as a pressure zone supplied by gravity from a storage reservoir.
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Section 5

Water System Analysis

5.1 Water Supply Analysis

5.1.1 Water Supply Strategy

The City conducted a separate overall water supply strategy in parallel with this WSMP. The City
of Tualatin — Water Supply Strategy (The Formation Lab, 2021) documents the City’s overall water
supply strategy and is included in Appendix B.

The Water Supply Strategy focused on ensuring the continued reliability of the City’s water supply
and documenting community values, expected current system performance during emergencies,
and opportunities for improved emergency performance. The project resulted in a recommended
three-prong strategy:

= Strategy 1 - Invest in a New Backup Supply to address the City’s vulnerability to an outage
of the TSM. The preferred option is to work with the City of Sherwood and the WWSS to
interconnect the WWSS Water Treatment Plant and the Sherwood Emergency Supply
Main.

= Strategy 2 — Continue to Support Reliability of the PWB System by working with the PWB.
Considerations include ensuring the City’s demands are included in future analyses of
backup supply options, resolving future maintenance of the WCSL, and reaching
agreement on a new wholesale agreement.

= Strategy 3 — Increase Reliability of Local Interties by working with neighboring agencies to
make sure agreements are in place and test interties on a regular basis. The City should
also continue to take advantage of future intertie opportunities, such as within the Basalt
Creek Area.

As part of this study, neighboring water agencies were also asked about their capacity to
potentially provide long-term supply in the future. The intent was not to initiate a change in the
City’s water supply, but instead to understand water supply availability in the region if PWB’s water
were to become unavailable or unaffordable. Though short-term supplies could likely be provided
by two of the neighboring water agencies, there is no agency with excess supply sufficient to meet
the City’s long-term needs. PWB remains the most reliable source of long-term supply for the City.
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5.1.2 Intertie Expansion

The City explored permanent alternatives to supply redundancy, including diversifying its water
supply through the expansion of an emergency intertie into a routinely used supply to meet
normal system demands. As documented in the City of Tualatin — Water Supply Strategy (The
Formation Lab, 2021), included as Appendix B of this report, the City met with nearby water
purveyors to determine if alternate long-term water supplies exist. Based on that study, the City
confirmed that the most reliable long-term supply available to the City is wholesale supply from
PWB.

5.2 Distribution System Analysis

5.2.1 Hydraulic Model

A steady-state hydraulic network analysis model (a model that represents the system as a series
of lines and junctions, and calculates system flows and pressures at a specific point in time) was
used to evaluate the performance of the City’s existing distribution system and identify proposed
piping improvements based on hydraulic performance criteria described in Section 4. The purpose
of the model was to determine pressure and flow relationships throughout the distribution system
for average and peak water demands under existing and projected future conditions, which
ultimately inform the need for future improvement projects. Modeled pipes are shown as “links”
between “nodes” which represent pipeline junctions or pipe size changes. Diameter, length, and
head loss coefficients are specified for each pipe and an approximate ground elevation is specified
for each node.

The current hydraulic model was updated during the 2013 WSMP using the Innovyze InfoWater
modeling software platform and the City’s GIS base mapping. The model was updated again in late
2016 to reflect new development and infrastructure renewal. Building on the facilities identified
in the prior model and updated facility and operations data provided by the City, the model was
then calibrated using fire hydrant flow test data and analysis scenarios were created to evaluate
existing and projected 20-year demands. The existing water demands in the model have been
updated from year 2016 to 2020 demand conditions for this analysis.

5.2.2 Modeled Water Demands

Existing and projected future demands are summarized in Section 3. Within the existing water
service area, demands are assigned to the model based on current customer billing address and
billed water consumption. Future demands in water service expansion areas were assigned
uniformly over each proposed development area within pressure zones.

5.2.3 Model Calibration

Model calibration typically involves adjusting the model parameters such that pressure and flow
results from the model more closely reflect those measured at the City’s fire hydrants. This
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calibration process tests the accuracy of model pipeline friction factors, demand distribution, valve
status, network configuration, and facility parameters such as tank elevations, PRV settings, and
pump controls and curves. The required level of model accuracy can vary according to the
intended use of the model, the type and size of water system, the available data, and the way the
system is controlled and operated. Pressure and flow measurements are recorded for the City’s
fire hydrants through a process called fire flow testing. This data is used to calibrate the model for
future analysis.

The complete 2017 Model Calibration Memo can be found in Appendix D.

5.2.3.1 Calibration Hydrant Flow Testing

Hydrant flow testing consists of recording static pressure at a fire hydrant and then “stressing” the
system by flowing an adjacent hydrant. While the adjacent hydrant is flowing, residual pressure is
measured at the first hydrant to determine the pressure drop that occurs when the system is
“stressed”. Boundary condition data such as reservoir levels and pump on/off status must also be
known to accurately model the system conditions during the time of the flow test. For this plan,
30 hydrant flow tests were conducted in September 2016 distributed across the A, B, and C Levels.
The recorded time of each fire hydrant flow test was used to collect boundary condition
information from the City’s SCADA system.

No hydrant flow tests were completed in Bridgeport Village. This is a closed zone normally served
by the TSM via a PRV. Emergency or fire flow supply is available via an intertie and PRV with the
City of Tigard. No additional development in the area has occurred since the model was last
calibrated, and the zone has minimal connections with the rest of the City's system. Therefore,
Bridgeport Village was not calibrated in this model and assumed to be accurate for planning
purposes.

5.2.3.2 Pressure Reducing Valve/Flow Control Valve Settings

Supply to the City distribution system from Portland is dependent on dual-purpose FCV/PRVs. A
pressure reducing valve sets the downstream pressure by throttling flow through the valve. A flow
control valve sets the flow through the valve by varying pressure drop across the valve. A dual-
purpose valve can have minimum or maximum settings for both flow and pressure, with either
flow or pressure setting being the primary setting.

The FCV/PRVs have summer and winter operating modes, with low and high flow settings for each
season. For the model calibration, the valves in the model were set at the maximum flow seen
from SCADA and PRV settings were used to limit flow. In both the A and B Levels, flow through the
FCV is overestimated for lower demand periods but aligns well during higher demand periods.

For system evaluation, calibration settings are used as “typical operation”. For analysis of system
performance under fire flow conditions and under peak hour conditions, the TSM FCV/PRV
stations are assumed to be closed or operating at a low flow setting.
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5.2.3.3 Steady-State Calibration Results

Overall, the City's water system model calibrated well with moderate to high calibration
confidence. Each existing pressure zone’s overall confidence level was determined by the number
of low, medium and high-confidence results for percentage difference in static pressure, and
pressure change difference during a fire flow. Results are summarized in Table 5-1.

Table 5-1 | Calibration Confidence Results

Pressure Static Pressure Residual Fire Flow Pressure
Zone Average % Difference/Confidence Average Pressure Difference/Confidence
A <1% Moderate-High 2.5 PSI High
B 4.5% Moderate-High 4.7 PSI High
C 2% Moderate-High 2.3 PSI High
Note:

Complete results listed in 2017 Model Calibration Memo in Appendix D.

For most water systems, a portion of the data needed to fully characterize the distribution system
(boundary conditions, customer demands, pressure and flow at specific locations, etc.) will be
missing or inaccurate and assumptions will be required. This does not necessarily mean the use of
the hydraulic model will be compromised. Depending on the accuracy and completeness of the
available information, some pressure zones may achieve a higher degree of calibration than
others. Models that do not meet the highest degree of calibration can still be useful for planning
purposes.

5.2.4 Fire Flow Analysis

Fire flow scenarios test the distribution system’s ability to provide required fire flows at a given
location while simultaneously supplying MDD and maintaining a minimum residual service
pressure at all services. As discussed in Section 4, a minimum pressure of 25 PSI, rather than the
typical 20 PSI, was selected by the City. Required fire flows are assigned based on the zoning
surrounding each node as summarized in Table 4-2.

The following boundary conditions were used for fire flow analysis in the model.

= Tanks set with fire flow storage depleted (only emergency + dead storage included) or
minimum historical operating level, whichever is less. This translates to a depth of 30 feet
in the A Level, 24 feet in the B Level, and 20 feet in the C Level.

= System demands were set at either 2020 or buildout demands. While 2040 demands are
minimally lower than buildout demands (Table 3-6), the fire flow requirements for 2040
and buildout conditions are constant, dictated by landuse, fire code, and building types.

= All residential fire flow demands were calculated at 1,000 gpm. It is assumed that single
family residential structures over 3,600 square feet would be sprinklered to reduce the fire
flow requirement to this level.
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= Available fire flow in the City System is highly dependent on the available supply to each
zone (PWB supply valves in A and B Levels, C Level Pump Station in C Level). For fire flow
analysis, PWB supply valves were set to high winter flows. For peak hour analysis, PWB
supply valves were set to low summer flows. See Table 2-4 for winter/summer low/high
supply rates from PWB valves.

5.2.4.1 Fire Flow Results

Figure 5-1 and Figure 5-2 show the identified fire flow deficits under 2020 and buildout high flow
conditions. Fire flows are higher than peak hour flows in the system and govern any capacity
deficiencies. Aside from the SW Industrial Area, which is not anticipated to develop more until
after 2040, fire flow demands are the same for 2040 and buildout conditions. Buildout conditions
were evaluated knowing they are representative of 2040 demands. SW Industrial Area deficiencies
identified in the buildout scenario are not expected to occur until after 2040 (or when additional
development in the SW Industrial Area is proposed and moves forward). There were two general
results from the fire flow analysis:

= Known Industrial deficiencies in the A and B Levels — The City is aware of fire flow
deficiencies in the A and B Levels. Some of these deficiencies are due to undersized and
non-looped mains. To mitigate these risks, the City currently requires new customers who
require large fire flows to install fire flow pumps. Increased looping in this area and upsizing
of keys mains will also improve available flows.

= (C Level Deficiencies — Most development in the C Level is residential homes less than 3,600
square feet, requiring 1,000 gpm fire flow. Larger homes or fire flows may require sprinkler
use to reduce demand. As the system currently operates, a 1,000 gpm fire flow is generally
available during MDD to the C Level. However, if larger homes are constructed and
sprinklers are not required, the system cannot meet these upsized demands without
pumping during a fire flow or increased transmission. Increased looping in this area and
upsizing of keys mains will also improve available flows. C Level Transmission is discussed
further in Section 5.2.6.

Projects to address fire flow deficiencies are included in the CIP under Residential Fire Flow and
Nonresidential Fire Flow.

5.2.5 Peak Hour Demand Analysis

For distribution system modeling, the PWB supply valves are assumed to operate in the summer
low setting with reservoirs providing most of the supply to each zone. Storage reservoirs are
modeled at 75 percent full, slightly less than typical summertime lows for a more conservative
estimate. These two assumptions present a worst-case scenario for testing the system under
stressed conditions.

Distribution system pressures were evaluated under peak hour demand conditions to confirm
identified piping improvements. Peak hour demands were estimated as two times the MDD. No
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additional pressure deficiencies were identified under these conditions, as the fire flow condition
creates a greater stress on the system. No additional CIP projects were identified for peak hour

supply.
5.2.6 B and C Level Transmission Capacity

The Basalt Creek Area located at the south end of the C Level is beginning to develop with two
developments currently moving into land use approval. Existing transmission limitations through
the B Level and fire flow requirements that exceed existing maximum available supply in the C
Level require transmission improvements in both the B and C Levels prior to development. The
analysis and complete findings from this study can be found in the Water System Capacity Analysis
— Basalt Creek Service Technical Memorandum (Murraysmith, 2021) which is included as Appendix
E. Findings from this report are summarized below, and projects are incorporated into the CIP
under “Transmission Improvements.”

= B Level transmission between the Boones Ferry FCV/PRV and B Level Reservoirs are
inadequate to supply B Level and C Level peak demands while refilling the B Level
reservoirs.

= (C Level transmission capacity between the Norwood Pump Station and C Level Reservoirs
is inadequate to serve continued development in the C Level and specifically for the
development of the Basalt Creek Area. This deficiency results in inadequate fire flow
capacity to serve proposed developments with fire flows greater than 1,000 gpm in 2020,
and all fire flows by 2040.

Based on the summary of findings above, the City should consider the following phased
improvements, which are included in the CIP.

B Level

= Prior to Basalt Creek Development: Further development of the B Level and C Level should
be limited until the following improvement is completed.

o Upsize existing transmission to 18-inch diameter main from Norwood Reservoirs to SW
Ibach Street.

= [ong-term Recommendations: With full development of the B and C Levels, further
transmission improvements are recommended in the B Level.

o Upsize existing transmission to 18-inch diameter main in SW Boones Ferry Road from
SW Ibach Street to SW Sagert Street.

C Level

Due to concerns about the constructability of upsizing the existing transmission from the C Level
Pump Station to the C Level Reservoirs, the City proposed a hydraulically similar route that goes
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south through the Autumn Sunrise development to Greenhill Road, crosses I-5 at Greenhill Road,
and joins the existing alignment on the east side of I-5. This route, while different than the one
studied and proposed in the Water System Capacity Analysis — Basalt Creek Service Technical
Memorandum (Appendix E), will still improve transmission capacity between the C Level
Reservoirs and the C Level. Additional study will be required to verify the feasibility of this route.

= Prior to Basalt Creek Development: Development in the Basalt Creek area should not be
allowed without the completion of the following improvements.

o C Level Pump Station operational changes and permanent standby power installation
to address current fire flow deficiencies to support CPAH development.

o Oversize Autumn Sunrise development piping from C Level Pump Station south to
Greenhill Road to 18-inch diameter when constructed.

o New I-5 Crossing at Greenhill Road and connection to existing transmission along SW
82" Ave, approximately 2,200 LF of 18-inch diameter main.

= [ong-term Recommendations: Full development of the Basalt Creek Area will require the
buildout of a transmission main loop (described in Section 8.8.3) and the following
improvements to address the transmission deficiency between the Norwood Pump Station
and C Level Reservoirs.

o Upsize the remaining transmission from the new I-5 crossing up to the C Level
Reservoirs to 18-inch diameter main, 1,300 LF.
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5.3 Storage Analysis

5.3.1 Storage Capacity Analysis
Storage capacity needs were evaluated within individual Levels then considered system-wide.
The storage volume was evaluated using the criteria developed in Section 4, summarized below.

= Qperational: Volume in between reservoir low/high set points, assumed a low level of
40 feet (summer) in all tanks and high of tank overflow. Volume calculated in existing
reservoirs and maintained through buildout.

= Equalization Storage: The amount of storage required to offset peak hour demand from
nominal supply capacity calculated as (PHD-Qs)*(150 minutes) where

o PHD = Peak Hour Demand
o Qs = Sum of all permanent and seasonal sources. Assumed as summer high supply
valve flows in A and B Levels, and one pump active in C Level.

= Fire Flow Storage: 2019 OFC
= Emergency Storage: 2 x ADD

Table 5-2 summarizes the individual storage components and combined storage needs
recommended for operational, equalization, fire, and emergency purposes for service areas A, B,
and C Level under 2020, 2040, and buildout conditions. The BV service area is small enough that
it is not cost effective to have storage for this zone. Additionally, the topography does not provide
a good location for gravity storage for the BV zone and there are two independent supply feeds
(TSM and the Tigard PRV which operates automatically to provide flow if pressures drop) to the
existing service area. It should be noted that equalization storage includes credits for continuously
available pumping. ASR is not included in these calculations to provide a conservative evaluation
of storage needs for the City. Existing available storage is compared to the calculated storage
needs and estimated storage deficit for each service area for 2020, 2040, and buildout conditions
are summarized in the right-hand columns of Table 5-2.
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Table 5-2 | Storage Volume Recommendation Summary (MG)

g 3 s I Total Existin
Service = 2 T @ : >HNg Storage
Area g v L %0 Required Avallablg Deficitt
o i = = Storage Storage
(@) = i
2020
A 1.07 0.54 0.52 4.77 6.90 6.01 -0.89
B 0.74 0.54 0.40 3.12 4.81 5.00 0.19
C 0.33 0.24 0.00 0.72 1.29 1.80 0.51
2040
A 1.07 0.54 0.68 5.57 7.86 6.01 -1.85
B 0.74 0.54 0.49 3.56 5.33 5.00 -0.33
C 0.33 0.24 0.03 1.37 1.98 1.80 -0.18
Buildout
A 1.07 0.54 0.69 5.62 7.92 6.01 -1.91
B 0.74 0.54 0.60 4.12 6.00 5.00 -1.00
C 0.33 0.24 0.06 1.49 2.12 1.80 -0.32
Notes:
1. PHD estimated as 2xMDD.
2. Emergency Storage presented in this column is 2xADD.
3. Available storage accounts for approximately 1.2 MG of dead storage in the A Level.
4. Additional storage in excess of the existing storage required to meet the calculated needs of the zone. Positive

numbers indicate available excess capacity in the existing storage.

The B Level equalization storage accounts for impacts on supply capacity when the C Pump Station
is pulling from the B Level. This is not required for A and B Levels as it is assumed PWB supply
volumes are sufficient to meet the system’s needs. Nesting fire storage within emergency storage
was discussed with the City. However, this is not recommended given the City’s limited supply
alternatives, and the lack of extreme emergency that would require the City to rely on emergency
storage (PWB supply outage).

As shown in Table 5-2, Storage in the A Level is currently deficient, while storage in the B and C
Levels is projected to be deficient within 20 years.

5.3.1.1 Future Storage Alternatives

It is recommended that all new storage is combined in the B Level because reservoir site options
are limited in the City area, the system is relatively well connected, and A and C Level existing
storage can meet most of the future storage requirements in those zones. These considerations
are expanded upon below.

= Sites with sufficient elevation for ground level tanks, without dead storage, are limited
within City boundaries. New sites to serve the A Level would likely include long
transmission lines, or significant dead storage if collocated at existing A Level Reservoir
sites. New sites to serve the C Level would face similar issues with long transmission lines.
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= Storage at the B Level may also be allowed because the system is well connected. The A
Level can be served by the B Level by gravity via five PRPS valves along the A/B Level
boundary. These would automatically supply the A Level in the event of a failure of the A
Level PWB supplies. The C Level can be served from the B Level by the existing C Level
pump station located at the Norwood site and the proposed C level pump station located
at the ASR site. As discussed earlier in this report, the firm capacity of the existing station
can meet C Level needs through buildout.

= Existing storage in the A and C Levels can meet most of the buildout storage requirements.
C Level deficits are minimal by buildout and could be mostly addressed by either relying on
C Level pumping for fire supply or, if the City decides to accept this risk, nesting fire flow
storage within emergency storage. If emergency deficits were significantly greater, or
either zone did not have sufficient storage to meet daily operational requirements,
combined storage in the B Level would not be recommended.

The City should consider constructing a 2.5 MG reservoir at the ASR site, with similar operating
elevations to the existing B Reservoirs, within the next 10 years to address deficits in all levels. By
buildout and as development requires, the City should consider an additional reservoir, potentially
at the B Level Reservoirs (Norwood) site, to address any remaining storage deficit. A 2.5 MG
reservoir is included in the CIP within 10 years, and a 1.0 MG reservoir is included in the CIP in 20+
years. However, future development timing may require adjustment of these timelines.

5.3.2 Current Storage Operational Considerations

Historically, the City has had trouble maintaining reservoir levels in the B and C Levels during peak
hour demand when both the B and C Level Reservoirs are filling. The transmission from Boones
Ferry FCV/PRV to the B Level Reservoirs cannot keep up with this high demand and so the B
Reservoirs drain to unacceptably low levels. The City has mitigated this issue by increasing
summertime operational low-levels of the B and C Reservoirs to 40 feet. The City can further
mitigate supply issues by improving transmission in the B and C Levels, as discussed in Section
5.2.6.

Increasing the low-level set point during the winter will exacerbate water turnover issues and may
trigger low chlorine residual concerns. However, lower winter levels are typically acceptable,
because winter demand is typically much lower than summer demands. The City may be able to
continue winter operations as is, but should be aware how operational changes affect emergency
and fire storage.

Current storage allocations were calculated from existing storage reservoir and pressure zone
characteristics to help the City make operational decisions, particularly during high demand
conditions. The Calculated Storage Volume Levels are calculated from reservoir floor up and are
illustrated in Figure 5-3 and shown at the bottom of Table 5-3. The minimum operating level (Base
of Equalization Storage in Table 5-3) is the calculated low point the reservoir levels should not dip
below during normal operations, to maintain adequate fire and emergency storage.
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Figure 5-3 | Calculated Storage Volume Levels
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Note:

The A Level existing storage deficit as noted in Section 5.3.1, is illustrated by the operating storage depth exceeding the overflow
depth.
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Table 5-3 | Minimum Reservoir Storage Levels

Pressure Zone

Tank Characteristics A B

Tank Floor Elevation (ft) 248 352 458.5
Tank Height (ft) 47 47 49
Existing Summer Low Level (ft) 40 40 40
Existing Storage (MG) 7.2 5 1.8
Volume/Depth (MG/ft) O 153 0 106 0 037

Zone Characteristics

Maximum Zone Ground Elevation (ft)
Minimum HGL to serve maximum ground elevation at 25 psi (ft) 255.75 343.75 416.75

Minimum Tank Depth to serve maximum ground elevation at 25 7.75 0 0

psi (ft)

Dead Storage (MG) 1 2 0 0
Usable Storage (I\/IG) 5

2020 Average Day Demand (MGD) 2.39 1.56 0.36
2020 Max Day Demand (MGD) 4.58 3 0.69
PHD: Max Day Demand PF 2 2 2
Fire Flow Rate (gpm) 3000 3000 2000
Fire Flow Duration (hrs) 3 3 2

Qs (regularly available supply to zone) (gpm) 2900 3100 1400
Emergency Storage (MG) 4.77 3.12 0.72
Fire Storage (MG) 0.54 0.54 0.24
Equalization Storage (MG) 0.52 0.16 0
Operating Storage (MG) 1 07 O 74 O 33

Calculated Storage Volume to Depth Conversion

Operating Storage Depth (ft)

Equalization Storage Depth (ft) 3 1 0
Fire Storage Depth (ft) 4 5 7
Emergency Storage Depth (ft) 31 29 20

Dead Storage Depth (ft)

Calculated Storage Volume Levels (Shown in Figure 5-3)

Tank Overflow (ft)

Base of Operating Storage (ft) 46 36 26
Base of Equalization Storage (ft) 42 34 26
Base of Fire Storage (ft) 39 29 20
Base of Emergency Storage (ft) 8 0 0
Floor (ft) 0 0 0
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5.4 Pump Station Analysis

The City relies on pumping under two situations: 1) normal operation and 2) PWB supply
disruption.

1. Under normal operation, the only system pumping required is from the B to C Level. This
is via the C Level Pump Station located at the Norwood Reservoir (B Level) site. The A and
B Levels are supplied by gravity directly by FCV/PRV connections off the Tualatin Supply
Main and do not require pumping under normal operations.

2. |If supply from PWB through the TSM is disrupted, or the Boones Ferry FCV/PRV is offline,
pumping would be required from the A to B Level. This is in addition to the regular C Level

pumping.

Station reliability, pumping redundancy, and zone supply capacity will be addressed below based
on these two supply modes.

5.4.1 Capacity Analysis

Pumping capacity will be discussed by zone supply, from A to B Level and from B to C Level.
Pumping to the B Level must meet the needs of both the B and C Levels because all C Level supply
is pumped from B Level. Pumping from A to B is only required under emergency or maintenance
operations and therefore the entire station capacity can be used to meet MDD. While there are
two existing A to B Level pump stations (Martinazzi and Boones Ferry), they are not reliably
operable, have insufficient capacity, and have reached the end of their usable lives and are not
included as existing emergency supply. B to C Level pumping is required for normal operation and
so the station should be able to meet MDD under firm capacity (largest pump out of service).

Table 5-4 summarizes the recommended pumping capacity through buildout.
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Table 5-4 | Pumping Capacity Needs

Supply Failure Pumping, Normal Pumping,
Ato B Level: B to C Level:
Operation Type and Pump Conditions Emergency — Total Capacity Normal - Firm Capacity
Existing Pump Station None* C Level (Norwood)
Number of Existing Pumps 0 2
Existing Station Firm Capacity! (MGD) 0 2.02
Service Area(s) Supplied B+C° C
Max Day Demands (MGD)
Existing 3.69 0.69
2040 4.73 1.32
Buildout 5.38 1.43
Pumping Deficit> (MGD)
Existing -3.69 1.33
2040 -4.73 0.70
Buildout -5.38 0.58

Notes:

1. Firm capacity is the station capacity with the largest pump out of service. The C Level pump station has two equal
pumps and so firm capacity is a single pump active.

2. A negative value under pumping deficit indicates additional pumping required to meet system demands.

3. The existing Boones Ferry and Martinazzi Pump Stations are in poor condition, have reached the end of their usable
lives, and are not exercised sufficiently for reliable operation. Therefore, neither is shown with existing capacity.

4. The C Level is supplied from B Level, therefore pumping capacity to the B Level must be adequate to meet MDD of
both B and C Levels.

5.4.2 C Level Pumping

The C Level, Norwood Pump Station operates daily and is the only supply to the C Level. Based on
the capacity needs analysis presented in Table 5-4, the station's existing firm capacity (one pump
out of service) of 2.02 MGD (1,400 gpm) is adequate to supply the needs of the C Level through
buildout. However, additional improvements and a second pump station should be considered for
risk mitigation.

The City considers the existing station reliable based on historical operations. With consistent
maintenance, the City does not foresee a need to change operations to improve reliability. The
City should add permanent standby power with automatic switching in the event of a power failure
to the station.

The station is not operationally redundant. This means there is no secondary supply to the C Level,
whether from a pump station or PRVs from higher levels. A failure of the C Level Pump Station or
supply mains would mean total reliance on the stored water in the C Level Reservoirs, or possible
emergency supply from the City of Wilsonville via the Wilsonville Intertie. If the C Level Reservoirs
are completely full, this translates to about 64 hours of supply under present MDD, or 33 hours of
supply under 2040 MDD. If the tanks are lowered to emergency levels (20 feet of storage), supply
time is reduced by approximately 3/5 to 27 hours under existing MDD or 13 hours under 2040
MDD.
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The City should consider a second supply route to the C Level in the form of a second C Level Pump
Station located at the ASR site, once a new B Level Reservoir is constructed onsite as well. The ASR
supply may be available sooner after a seismic event than the PWB supply; a reservoir and pump
station on site would help supply more City customers if the PWB supply becomes unavailable. As
it is the City’s preference to not construct a pump station that’s only purpose is for emergency
supply, normal supply to the C Level could be provided regularly by either pump station.

Alternatively, the City could consider purchasing portable pumping equipment for use at the
existing 6-inch stub-outs located at the Norwood site. Portable pumping has not been used here
in recent memory and the portable pumps the City jointly owns with TVWD (Flow and Eddy) would
not work at this location due to pump curve requirements. The City currently would rely on leased
equipment (commercial rental businesses) or borrowed equipment (neighboring water systems)
for service through the 6-inch stub-outs, although neither of these approaches have been
investigated seriously.

5.4.2.1 C Level Fire Flow Pumping

Prior to construction of C Level transmission upsizing (discussed in Section 5.2.6), the City should
consider adding pressure controls to the C Level Pump Station for improved fire flow availability
in the C Level. The current pump station is operated by reservoir level. Fire flow availability is
improved when this pump station is active. Currently, there is no guarantee the pump station is
active during the fire until the reservoir level drops to their low settings and until then, system
pressures may be low if flows above 1,000 gpm are required. A second trigger based on system
pressures should be added to the existing C Level Pump Station to activate the station when
pressures in the C Level drop below approximately 35 psi downstream of the C Pump Station.

5.4.2.2 C Level Operational Adjustment

Both pumps at the C Level Pump Station are equipped with VFDs, allowing them to modulate
supply between on and off. However, they are not currently used. The City should consider
modifying the operations to make use of the VFDs to pace flow and maintain constant reservoir
levels with longer duration with lower rate pump run cycles, particularly in the summer. In
coordination with this operational change, it is recommended the C Level Pump Station setpoint
be increased (effectively reducing the required operational storage volume and increasing the
volume available for equalizing, fire suppression, and emergency). With active mixing of reservoir
contents, deep cycling of the reservoirs is less important for maintaining water quality, especially
during the peak summer season.

5.4.3 Supply Failure Pumping

The Boones Ferry FCV/PRV is the only supply to the B and C Levels. A pump station from A to B
Level is recommended for redundancy and reliability. Three alternatives for this pump station are
outlined in this section.
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A pump station from A to B Level could potentially address two supply failure conditions. First, the
pump station could supply the B and C Levels when the Boones Ferry FCV/PRV supply is offline for
either maintenance or failure. Second, if all supply from PWB is disrupted and the City has a
connection to the WWSS as recommended in the Supply Alternatives Technical Memorandum
(2021, The Formation Lab) and summarized in Section 0, then the City could take WWSS water
through the Sherwood Emergency Supply Main to the TSM. It is unclear whether there would be
sufficient hydraulic grade to directly serve the B Level. A pump station from A to B Level would
allow WWSS water to be pumped up to the B and C Levels. This would require an amendment to
the City Charter which currently prohibits the City from using Willamette River water for municipal
use unless the Governor declares an emergency. It is not clear if a disruption in the PWB supply
would constitute such an emergency that would allow the City to override the charter and use
Willamette River water.

5.4.3.1 A to B Level Pumping Alternatives

Three pumping alternatives were developed to address deficiencies in the event of a supply failure
and provide a reliable supplement to the primary B Level supply from the TSM (Boones Ferry
FCV/PRV supply): 1) upgrade or replace the existing Martinazzi Pump Station, 2) build a new pump
station near the A-2 reservoir, or 3) acquire and build a portable pumping system. An analysis of
these three alternatives is summarized in the following sections.

5.4.3.1.1 Alternative 1: Upgrade Martinazzi Pump Station

The City could upgrade the existing Martinazzi Pump Station. This will likely require a complete
replacement as the existing underground station is past its usable lifespan, not seismically up to
code, and extensive structural upgrades would be required in addition to pump upsizing. A new
pump station would ideally include a modern pump station structure with adequate access,
operations and maintenance, and safety features, likely necessitating land acquisition for this
alternative.

The Martinazzi Pump Station is located adjacent to 12-inch diameter A and B Level piping and is in
close proximity to the major transmission piping from the Boones Ferry FCV/PRV to the Norwood
Reservoir, which means this site will likely not require upsizing of nearby piping to adequately
transmit A to B Level flows. However, transmission from the proposed emergency connection at
the WWSS would be through existing piping in the A Level and may be limited due to the size of
transmission piping across the A Level and the distance between the proposed connection point
and the Martinazzi Pump Station.

In addition, the existing Martinazzi Pump Station site may be inadequate to support a modern
pump station structure with the required access, operations and maintenance, and safety features
required, likely necessitating land acquisition for this alternative.

As a permanent pump station, the new Martinazzi Pump Station could be set up to run for a few
hours once a week, or as is necessary, to ensure the station is available for emergency conditions.
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Continued operation of this station would not need to be significant but could address some of
the failures of the existing two stations.

5.4.3.1.2 Alternative 2: Build a New Pump Station at the A-2 Reservoir Site

A new pump station could be built adjacent to the existing A-2 Reservoir on the west side of the
system. There are two primary advantages to this solution: improving existing water quality issues
and location. Significantly, however, this alternative is highly contingent on development of the
Southwest Industrial Area for transmission piping that may not occur in this planning period.

While the primary purpose of this station would be for supply disruption, the pump station could
be operated regularly to boost B Level supply and water quality. This alternative would improve
the turnover in the A-2 Reservoir during normal operation by pulling more water through the tank,
although existing water quality issues have been largely mitigated by chlorine boosting and tank
mixing. This alternative would also provide supplemental pumping capacity to the B Level during
peak demands, particularly on the west side of the system to help supply new development and
large fire flows.

The site is located in close proximity to the proposed emergency supply connection to the WWSS
which would result in the ability to effectively supply the B Level without the construction of
additional transmission piping. The advantage of this alternative is increased if the City considers
the use of the City of Sherwood’s 24-inch diameter PWB supply main to transmit water to the east
side of the A Level, as well.

However, a pump station at the A-2 site has several disadvantages. This alternative is contingent
on the development of B Level piping south from the A-2 Reservoir through the existing Tigard
Sand and Gravel properties. Either significant pipe installation will be required prior to
development, or the City will continue to be without emergency supply until development reaches
this area, which could be beyond the planning period of this WSMP. A pump station at the A-2 site
also needs to contend with significant road and infrastructure crossings. 124" Street is a significant
thoroughfare and construction in this right of way may include additional constraints. Crossing the
WWSS transmission line is also constrained by the WWSS. Significant coordination with the WWSS
and major site limitations may limit feasibility of this location.

5.4.3.1.3 Alternative 3: Portable Pump Stations

Portable pumping would expand the existing portable pumping infrastructure. The City currently
has three sites where a Portable Pump Station can be installed to provide supplemental pumping.
Two of these sites (along SW Avery Street and the Boones Ferry FCV/PRV site) provide pumping
from the A to B Levels. Additional stub out locations could be built at several sites along the A/B
Level interface. Several portable pumps would need to be purchased and could be installed at any
combination of these sites to provide sufficient supply to match the failure.

Portable pumps allow for locational flexibility and could be used for failures in the C Level pumping
and/or be available as a regional resource to aid in a regional emergency.
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There are several drawbacks to portable pumping. The stations require storage, annual
maintenance, and training that would place an increased load on City staff. Additionally, the
stations require initial deployment and set up, and cannot be automatically turned on in an
emergency. This is especially significant in the not unlikely event that a winter storm and power
outage occur during (or directly cause) a supply failure. Moving the stations to deployment
locations, and even getting employees on location to operate the stations would be a significant
challenge.

5.4.3.1.4 A to B Level Pumping Evaluation and Recommendation

The three alternatives were evaluated based the criteria summarized below in Table 5-5.

Table 5-5 | Additional B Level Pumping Alternatives Evaluation

. . Upgrade New Pump Station Portable Pumpin
AU A AR Mapriinazzi near A-2 RE)eservoir System i
Long Term Capacity Needs + + -/0
Capital Cost 0 0 +
Ease of Operation + + -

Proximity to Emergency Supply 0 + 0
Ll SEgUsen, Not instantaneous or
Fatal Flaw Land acquisition WWSS coordination,

e ermanent
development timing P

Based on the analysis in Table 5-5, a new A to B pump station located near A-2 Reservoir would be
recommended, if not for the fatal flaw of unknown development timing. Instead, the City should
investigate both options of upgrading Martinazzi or portable pumping. The CIP presented in
Section 9 assumes the more expensive option of upgrading Martinazzi Pump Station.
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Section 6

Water Quality & Water Conservation

6.1 Water Quality Regulations

The City, along with all public drinking water systems, must follow both state and federal
regulations. At the federal level, the EPA establishes water quality standards, monitoring
requirements, and enforcement procedures. At the state level, either the EPA or a state agency
will implement the EPA rules. If a state meets certain requirements, it can be given primacy,
meaning it is the primary authority for implementing the EPA’s rules within the state.

As a primacy state, Oregon administers most of the EPA’s drinking water rules through the OHA
DWS. The DWS rules for water quality standards and monitoring are adopted directly from the
EPA. The DWS is required to adopt rules at least as stringent as federal rules. To date, the DWS
has elected not to implement more stringent water quality or monitoring requirements.

In some areas not directly related to water quality, DWS rules cover a broader scope than EPA
rules. These areas include general construction standards, cross connection control, backflow
installation standards, and other water system operation and maintenance standards. The City’s
activities are also governed by the DEQ. The complete rules governing the regulation of drinking
water systems by DWS in the State of Oregon are contained in OAR Chapter 333, Division 61, Public
Water Systems.

6.1.1 Status of Drinking Water Regulations

At the federal level, the SDWA is the primary drinking water regulation. It was originally enacted
in 1974 by Congress to ensure the quality of America’s drinking water with a focus on water
treatment. The act was reauthorized and updated in 1986 and 1996 to expand protections to
source water and improve operator training, system improvement funding, and public education.
The SDWA contains the following assignment and programs for the EPA and the states to
administer:

= State revolving loan fund for water system construction
=  Public notification reports

= Source water assessment and protection

= Monitoring reductions based on source water protection
= Mandatory certification of operators

These assighments have been implemented by the EPA and/or individual states and are regularly
updated. Under the authority of the SDWA, the EPA sets various rules and regulations to maintain
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safe drinking water. The following sections identify relevant rules and the City’s existing
compliance status.

6.1.2 Disinfectants/Disinfection Byproducts Rule

The City is required to monitor for disinfectants/disinfection byproducts (D/DBP) under stage 1
and 2 of the D/DBP Rule. This rule regulates exposure to disinfectants, disinfection byproducts,
and precursors that may react with disinfectants to produce harmful chemicals. Disinfectants are
added to drinking water to kill harmful pathogens. At low levels, these disinfectants keep our water
safe and do not affect human health. At higher concentrations (such as typical concentrations in
pool water), exposure could lead to nausea, vomiting, and diarrhea. Disinfection byproducts occur
when disinfectants react with usually non-harmful nutrients in the water to produce
contaminants. When these precursors are not present, there is nothing for the disinfectants to
react with and so disinfection byproducts are not formed. Therefore, it is important to monitor for
both the precursors and resultant contaminants.

Specifically, the D/DBP Rule regulates the following contaminants.
Disinfectants

= Chlorine
= Chloramine
= Chlorine dioxide

Disinfection Byproducts
=  Total trihalomethanes (TTHMs)

Trichloromethane (chloroform)
Tribromomethane (bromoform)
Bromodichloromethane
Dibromochloromethane

O O O O

= Haloacetic acids (HAA5s)

Monochloroacetic acid
Dichloroacetic acid
Trichloroacetic acid
Monobromoacetic acid
Dibromoacetic acid

O O O 0O ©°

= Chlorite

=  Bromate
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The City of Portland currently uses a chloramine treatment process. Therefore, the relevant
contaminants for the City are chloramine, TTHMs, and HAASs.

Stage 2 of the D/DBPs Rule requires that MCL of the listed contaminants be calculated on the
locational running annual average of samples taken quarterly. Compliance sites consist both of
locations where high concentrations of disinfection byproducts are found (typically sites with long
detention times), and sites with average detention times within the distribution system. The
number of sites is based on the type of source water and population served. The rule also provides
for reduced monitoring for systems with very low disinfection by-products based on two years of
existing data.

6.1.2.1 City Compliance

The City is currently monitoring for and maintaining a steady level of chloramine in the system,
and is monitoring for D/DBPs and is meeting all D/DBP Rule requirements. Monitoring locations
for D/DBPs were identified in a 2006 study, and the City has continued to sample at these same
locations at quarterly intervals (see Figure 6-1).

Figure 6-1 | Sampling Sites for Disinfection Byproducts
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Statistics for the TTHM and HAAS sampling results from 2017 through 2019 for the Stage 1 and 2
D/DBP Rules are shown in Table 6-1. No values exceed regulations. Chlorine monitoring results are
discussed in the next section as chlorine levels directly affect total coliforms.
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Table 6-1 | Quarterly Disinfection Byproduct Monitoring Results

Trihalomethanes (TTHM) (mg/l)  Haloacetic Acids (HAAS) (mg/l)

Maximum Contaminant Level

- 0.080 0.060
Quarterly DBP Monitoring Results, 2017 — 2019

Average Measurement 0.027 0.026
Maximum Measurement 0.046 0.041

6.1.3 Total Coliform Rule

The City is required to monitor for coliform bacteria under the Total Coliform Rule, which applies
to all surface water and groundwater systems. Most coliforms are not disease causing. Rather,
their presence indicates the sanitary conditions of the water and are one of the easiest indicator
species to monitor.

Total coliforms include both environmental and fecal coliforms. Both types are important to
measure as both can indicate the presence of pathogens, although fecal coliforms are generally
more concerning. E. coli bacteria is used to indicate fecal coliforms, as it is one of the major species
of fecal coliforms that does not reproduce in the absence of fecal matter.

Sampling requirements vary according to population served and history of positive samples. The
City is required to take 30 samples from across the system per month and test for total coliforms.
If total coliforms are found to be present at any site, additional testing for E. coli is required to
determine compliance.

6.1.3.1 City Compliance
The City is currently meeting all applicable requirements for the Total Coliform Rule.

To ensure continued compliance and minimize bacterial growth, it is important to retain a
minimum chlorine residual and limit the accumulation of sediments. Additionally, it is important
to maintain active circulation of water throughout the distribution system, in both pipes and
reservoirs.

EPA standards for the residual disinfectant concentration in the water entering the distribution
system cannot be less than 0.2 milligrams per liter (mg/L) for more than four hours (40 CFR
141.72(a)(3) and (b)(2)). The residual disinfectant concentration in the distribution system cannot
be undetectable in more than five percent of the samples each month for any two consecutive
months that the system serves water to the public (40 CFR 141.72(a)(4) and (b)(3)). The City
samples monthly for chlorine residual at 30 points in the distribution system. In 2019, the average
residual of monthly samples ranged from 0.67 to 1.92 mg/L, well above the minimum of 0.2 mg/L
and below the maximum recommended level of 4 mg/L (per the D/DBP Rule).
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6.1.3.2 Potential City Action

While currently meeting standards, the City should continue to proactively maintain chlorine
residuals. Three best practices to maintain chlorine residuals include:

= Distribution system circulation and strategic flushing
= Reservoir turnover and mixing
= Secondary chlorination, as needed

6.1.3.2.1 Distribution System Circulation and Flushing

Stagnant water is problematic for a water distribution system for two primary reasons. Chlorine
breaks down over time and if water is not mixed within the distribution system, pockets of low
chlorine residual can form which can lead to organic growth. Additionally, stagnant water lets non
harmful particles such as calcium deposits settle out of the stream, creating a physical buildup in
the pipes blocking flow, and a habitat for organic growth.

Active circulation and sediment accumulation should be considered as new pipelines and
reservoirs are added to the system. Large dead-end pipes like those in the industrial area of the A
Level should be avoided because the lack of circulation results in a loss of chlorine residual. Where
they are installed, it is important for the City to continue the existing program of regular flushing
of these lines. Flushing programs must be regular and not just in response to loss of chlorine
residuals, because by that time, coliforms may already be growing in the system and in the water
delivered to customers. The locations of these large, dead-end pipes should be identified and
tracked in the City’s asset management program.

6.1.3.2.2 Reservoir Turnover and Mixing

Reservoirs should be designed and operated to ensure adequate mixing and reservoir turnover to
promote good water quality. The City’s reservoirs include inlet mixing systems on most reservaoirs,
and reservoirs are operated at reduced capacity to ensure adequate turnover during periods of
low water use. In order to improve reservoir mixing, if future conditions warrant (low disinfectant
residuals in the distribution system), an active mixing system could be considered. These systems
include solar- or utility-powered internal mixers or external circulation pumps.

6.1.3.2.3 Secondary Chlorination

Secondary chlorination is another option to boost chlorine levels in the distribution system. This
action must be properly calibrated based on the specific chemistry of the system to prevent
harmful levels of DBPs. Free chlorine will react with organic materials in the water and result in
high levels of DBPs. For the City, booster chlorination would serve the purpose of forming
chloramines by adding chlorine to bind up free ammonia that is present as a result of decay of the
source water disinfectant. Because of the risk of DBP formation and the challenges of obtaining
the proper ration of chlorine to ammonia, secondary chlorination should only be considered if
other measures are not adequate.
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The City has identified chlorine residual issues in the vicinity of the A-2 Reservoir and has a booster
trailer set to maintain a chlorine residual of 1.00 mg/L. Future system improvements, specifically
expansion of the B Level and development of a new A Level to B Level pump station near to the A-
2 Reservoir will help reduce water age in the reservoir and reduce the need for booster
chlorination.

6.1.4 Lead and Copper Rule

The Lead and Copper Rule (LCR) was first established in 1991 to limit lead and copper exposure.
The LCR was updated with revisions in 2000, 2007, and 2016 and full text can be found on the EPA
website (https://www.epa.gov/dwreginfo/lead-and-copper-rule). The most common sources of
lead in the water system are pipes, faucets, and plumbing fixtures. Therefore, testing within the
distribution system, rather than just at the water source, is important.

Historically, the City was sampled as part of the PWB Bull Run system for LCR monitoring, also
known as the Joint Monitoring Program (JMP). Four samples were collected yearly in the City since
1999. In the fall of 2016, the City of Tigard left the JMP and the City increased sampling to 9 homes.
In spring 2017, TVWD left the JMP and the City increased sampling to 15 homes. Due to continued
operation of the City’s ASR program, the City left the JMP in the fall of 2017 and began its own
Lead and Copper Monitoring Program. In 2020, after three rounds of lead and copper results
below EPA Action Levels, the City reduced monitoring to annually from June 1 — September 30 at
63 customer taps across the City. If there is an exceedance, sampling requirements may increase
and additional reduction actions will apply.

Water samples at the customer’s tap are required to be taken at high-risk locations, which are
defined as homes with the following conditions.

= |ead solder installed after 1982
= |ead service lines
= Lead interior piping

For a water system to comply with the LCR, the samples at the customer’s tap must not exceed
the following action levels.

= Lead-0.015 mg/L detected in the 90th percentile of all samples
=  Copper-1.3 mg/L detected in the 90th percentile of all samples

If action levels are exceeded for either lead or copper, there are additional requirements including
source monitoring, public education, and corrosion control studies.

The EPA finalized additional revisions to the LCR that took take effect on December 16, 2021. The
specific requirements of the final rule revisions include:

= Updated sampling procedures to improve identification of elevated levels of lead at
customer taps
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= Revised action levels and corrosion control treatment implementation timelines
= More aggressive lead service line replacement requirements

= Water utility inventory of lead service lines

= Sampling at schools and child-care facilities

The proposed LCR revisions should not have a significant impact on the City’s compliance. It is
anticipated that the most significant action required will be the completion of the lead service line
inventory, which is required by September 16, 2024. The City should review the requirements of
the rule update to confirm if there are revisions that may impact the City’s compliance.

6.1.4.1 City Compliance

The City is currently monitoring annually for lead and copper at high risk customer taps. In Spring
of 2019, five of the 63 samples exceeded EPA action limits. No additional actions are currently
required for the City. However, the goal for detectable lead is 0 mg/L, as any lead can be potentially
harmful. Therefore, PWB is actively working to increase corrosion control to limit dissolving lead
from pipes and fixtures into water. Currently, PWB adds a combination of soda ash and carbon
dioxide during water treatment for pH adjustment. A summary of the lead and copper monitoring
for the City and PWB for reference is presented in Table 6-2.

Table 6-2 | Lead and Copper Rule Monitoring Results, 90™" Percentile

City of Tualatin Portland Water Bureau?

Lead Copper Lead Copper

Action Level, 0th 0.015 1.30 0.015 1.30
Percentile (mg/l)
Result (mg/!) / Exceedance (Y/N)*
2020 - Fall 0.0121 N 0.2253 N 0.0138 N 0.2620 N
2019 - Spring 0.0120 N 0.154 N 0.0131 N 0.2690 N
2018 - Fall 0.0120 N 0.167 N 0.0119 N 0.2163 N
2018 - Spring 0.0170 Y 0.159 N 0.0126 N 0.2212 N
2017 - Fall 0.0160 Y 0.159 N 0.0170 Y 0.2520 N
2017 - Spring 0.0145 N 0.190 N 0.0145 N 0.1948 N

Notes:
Lead and Copper results from yourwater.oregon.gov
PWB results shown for reference.

6.1.5 Unregulated Contaminant Monitoring Rule

The EPA uses the Unregulated Contaminant Monitoring 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. The program began in 1996 with Rule 1. The Unregulated Contaminant Monitoring
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Rule 4 (UCMR 4) was enacted by the EPA in December 2016, requiring monitoring for 30
contaminants between 2018 and 2020 (summarized below).

UCMR 4 List 1 Contaminants

Cyanotoxins Oxyfluorfen
Total microcystin Profenofos
Microcystin-LA Tebuconazole
Microcystin-LF Total permethrin (cis & trans)
Microcystin-LR Tribufos
Microcystin-LY
Microcystin-RR Brominated Halocaetic Acid Groups
Microcystin-YR HAAS*
Nodularin HAAGBr*
Anatoxin-a HAA9*
Cylindrospermopsin
Alcohols
Metals 1-butanol
Germanium 2-methoxyethanol
Manganese* 2-propen-1-ol

Pesticides and Pesticide Manufacturing Byproduct  Semivolatile Chemicals

Alpha-hexachlorocylohexane Butylated hydroxyanisole
Chlorpyrifos O-toluidine

Dimethipin Quinoline

Ethoprop

Note: An asterisk (*) indicates the contaminant was detected in the City’s water. At the levels detected, negative health effects are
unlikely. More detailed results are available on the City’s website at tualatinoregon.gov/publicworks/water-quality.

6.1.6 Aquifer Storage and Recovery Sampling

The City operates an ASR facility under Limited License #010. Licensing requirements include
additional water quality sampling and reporting to the OHA DWS. Pilot testing began at the facility
in 2009.

Current sampling and reporting is set by the Monitoring Plan for Cycle Year 11-15 (GSI, 2019). The
monitoring schedule laid out in the plan was created to ensure water quality standards are met
throughout the year in the source water, stored groundwater, and recovered water. The City is
required monitor for various water quality parameters including field parameters, geochemicals,
metals, DBPs, microbial growth, radionuclides, synthetic organic compounds (SOCs), and volatile
organic compounds (VOCs). The complete list and frequency of monitoring is documented in the
2019 Monitoring Plan.
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6.1.6.1 City Compliance

Based on test results from required monitoring, water injected into and recovered from the ASR
currently meets or exceeds state and federal drinking water standards. The most recent ASR
monitoring results are summarized in the ASR Cycle 11 Test Results Report (GSI, February 2020).

6.1.7 Additional Wholesale Provider Regulatory Issues

As the source water provider, PWB is responsible for sampling, monitoring and compliance with
numerous water quality regulations that do not need to be addressed directly by the City. These
include:

= Synthetic Organic Chemicals and Inorganic Chemicals
= Volatile Organic Compounds

= Arsenic
= Sulfate
=  Fluoride

= Radon/Radionuclides
= Groundwater Rule
= Surface Water Treatment Rule and Supplementary Rules:

o Interim Enhanced Surface Water Treatment Rule
o LT1ESWTR
o LT2ESWTR

6.1.7.1 City Compliance

As the wholesale water provider to the City, PWB is responsible for meeting these regulatory
requirements. The cost to meet these requirements is passed on to the City and other wholesale
customers through wholesale water rates. The primary water supply for PWB is the Bull Run
Watershed, a protected watershed near Mount Hood. All human access to the watershed is highly
controlled and it is geographically isolated from upstream impacts by a ridge.

The PWB is proceeding with designs for a water treatment facility to comply with the EPA
requirement to reduce potential for cryptosporidium contamination under the LT2ESWTR.
Currently PWB is planning on completing design and construction of a new water filtration facility
by 2027.

6.2 Water Conservation

The City is not required by the state to develop a formal Water Management and Conservation
Plan as it does not have any active municipal water rights. However, PWB requires the City to
establish a joint conservation program and create a water conservation plan under the wholesale
water supply agreement and the City is committed to reducing water usage.

17-2000 Page 6-9 Water System Master Plan
March 2023 Water Quality & Water Conservation City of Tualatin



The City implements various aspects of water conservation including:

=  Public education and outreach as part of the RWPC
= Leak prevention and detection

6.2.1 Public Education and Outreach

As a member of the RWPC, the City actively participates in regional water conservation program
development and implementation. Comprised of 23 water providers and the Metro Regional
Government, the RWPC provides a forum for collaboration on water supply, resource
management, emergency preparedness, and conservation issues affecting the region. The 2016
Regional Water Supply Plan Update is the region’s water supply strategy and recognizes that water
conservation plays a key role in meeting future water needs. The updated plan evaluated regional
source options while reflecting the actions and plans of the individual members. The plan also
updated water demand forecasts and continued to emphasize opportunities for regional
conservation programs where economies of scale and regionally consistent conservation
messages and benefits can be achieved. The RWPC's conservation objectives are to:

= Plan and implement regional programs and events focused on reducing peak summer
water use.

= Effectively encourage customers to visit and utilize the web site at www.regionalh2o0.org.
= |ntegrate consistent conservation messages into the daily lives of customers.

= Develop and implement effective monitoring and reporting techniques to verify program
effectiveness.

= |nvite stakeholder participation in conservation program development.
= Seek economies of scale by working together.
= Foster public awareness of the RWPC's collaborative efforts.

The RWPC's conservation plan contains a variety of programs and outreach opportunities which
include:

= Summer marketing campaign

= Education programs

= Regional events

= Landscape industry partnerships

= A web site (www.regionalh20.org)

= |nformational materials (brochures, kits, and water-saving devices)

Given the City’s participation in RWPC, further City-specific public education and outreach
programs are not likely to offer cost-effective water conservation results.
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6.2.2 Leak Prevention and Detection

Water loss prevention and leak detection programs are typically economical when annual water
losses regularly exceed 10 percent. Given that the estimated percentage of unaccounted-for water
in the City water system is below this level, the City does not currently have and is not planning
for implementation of a comprehensive on-going leak detection program within the distribution
system. However, the City regularly replaces leaking water meters, provides guidance and
troubleshooting for customers on the customer side of the meter, and encourages residents to
take advantage of the leak detection program through the RWPC.

Additionally, the City has actively replaced aging water mains systematically with a focus on
existing asbestos cement pipe and associated service lines to reduce water loss and excessive main
breaks. The continuation of this program as a key element of the City’s water system capital
budget is recommended to maintain current low levels of water loss.

6.2.3 Water Conservation Recommendations

As a member of the RWPC, the City contributes funds to the promotion of water conservation
throughout the Portland Metropolitan area and realizes significant benefit from the conservation
program of this organization. It is recommended that the City continue to invest its water
conservation funds in the larger RWPC conservation program. Generally, further investment in
City-specific water conservation measures is not recommended at this time; however, as the City
continues to grow and develop, future efforts to encourage and support water conservation
efforts may help to delay the need to make substantial capital improvements to meet increased
water demands. It is recommended that the City develop tools to monitor, track and document
infrastructure failures to better inform the need for age or condition-related replacements. This
should include annual water loss auditing, development of an asset management database, and
potential use of targeted non-destructive pipeline condition assessment techniques to evaluate
critical pipeline assets. The City should also continue to evaluate potential conservation-
encouraging programs with future WSMP updates.
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Section 7

Seismic Resilience Evaluation

7.1 Introduction

Cities throughout the region are increasingly aware of the risk to their infrastructure from
potential seismic activity. Following recent seismic research, which presented persuasive evidence
on the eminent threat and extreme risk of a CSZ earthquake, the State of Oregon developed the
ORP in 2013. The ORP established target timelines for water utilities to provide service following
a seismic event. The ORP also recognized that currently water providers and existing water
infrastructure are unable to meet these recovery goals. To improve existing water systems’ seismic
resilience, one of the ORPs key recommendations was for water utilities to complete a seismic risk
assessment and mitigation plan as part of their periodic WSMP update. The State of Oregon
formalized this recommendation under 333-061-0060(5)(J) and now cities located in seismic
hazard areas are required to include a seismic risk assessment and mitigation plan in their WSMPs.

As part of this WSMP, the City has chosen to complete a seismic risk assessment of their existing
water system. The scope of this evaluation includes risk findings and general recommendations
regarding seismic design standards for future water infrastructure. Recommended improvements
to mitigate specific facility risks will be included in this WSMP’s capital improvement list or will be
assessed by the City as follow-on work to this WSMP.

The overall objective of this evaluation is to identify and document risks and establish a framework
for mitigating these risks over a 50-year or longer period so the City’s water system achieves a
higher level of resilience to seismic events.

A companion section of this WMSP, Section 9 Emergency Water Plan, was prepared in
coordination with The Formation Lab and documents short-term strategies to provide emergency
water supply within the City following a seismic event (or other water system disruption). The
recommendations presented in that report (Appendix B) are intended to provide mitigation for a
seismic event, if it occurs before the City can implement the resilience recommendations
presented herein.

7.2 Key Water System Facilities

Through a workshop process involving City staff and local/regional emergency responders, the
project team identified the transmission backbone and key facilities that should have water service
uninterrupted or quickly restored post seismic event, consistent with ORP guidelines. Critical
customers or potential emergency water distribution sites were also identified, primarily along
these transmission routes.
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After a seismic event, it will be important to return service to critical customers and key locations
as quickly as possible. The ORP has developed targets for getting various portions of the
distribution system operational (see Figure 7-1). These time frames range from 0 to 24 hours for
key facilities and 6 months to 1 year for some fire suppression and for the distribution system to
be 90 percent operational (current state).

The purpose of these goals is to establish a target for water providers to strive towards over a 50-
year period of system improvement and mitigation. For the City, the capital investment required
to meet these goals, especially related to the full distribution system operation, is far greater than
the financial resources of the City and will only be achievable if outside sources of State and/or
Federal funding become available. In recognition of this, this section of the WSMP also presents a
strategy for post-seismic event response and recovery that reflects the reality that the system may
not be significantly more resilient when a major earthquake occurs and prioritizes planning and
low-cost investment in the means to provide basic drinking water requirements for the community
in coordination with first responders, emergency management agencies, and community groups.

Figure 7-1 | Target States of Recovery for Willamette Valley Water Utilities
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7.2.1 Critical Customers

During the workshop with City staff and first responders, a list of potential sites available for water
distribution were identified. If the distribution system is unusable, these sites should be available
for customers to get water. The locations are primarily located along the backbone transmission
lines. Service to the selected water distribution sites should be restored within three to seven days.

One of the most critical customers is the Meridian Park Hospital. It is located in the B Level at SW
65th and Borland Road, just north of I-205. Given the distance from the backbone of the City’s
system, increasing the resilience of the distribution piping serving these customers will be an
expensive, long-term objective. It is understood that the hospital has a well for emergency water
supply. The City should coordinate with the hospital to understand their emergency water supply
plans and the condition/capacity of this well to supply the hospital’s water needs during an
emergency that disrupts supply from the water distribution system.

7.2.2 Water System Backbone

The primary objective of establishing this backbone and identifying critical facilities is to focus the
City’s investment in mitigating seismic risk on these facilities that will be essential to supplying
drinking water to the community at discreet locations (and in limited volumes) immediately
following a seismic event.

The City identified critical transmission piping and categorized it into two tiers. Tier 1 transmission
connects key A and B Level facilities, and Tier 2 transmission includes supply from the PWB and
additional transmission mains to the C Level Reservoirs, and the A-2 Reservoir.

The City then used this backbone transmission, critical customers noted in the prior section, and
typical system operations to identify key water system facilities. Key City water facilities and their
critical supply and distribution functions are summarized in Table 7-1 and illustrated on Figure 7-
2. Facilities were assigned a tier corresponding to the connecting transmission piping tiers.
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Table 7-1 | Key Water System Facilities

Tier Facility Name Critical Functions
1 ASR Facility = Only current supply if PWB supply is disrupted®
1 B Level Reservoirs = B Level storage
1 A-1 Reservoir = Primary A Level storage
1 Boones Ferry FCV/PRV = Primary supply to the B Level from PWB
2 C Level Reservoirs = C Level storage
2 A-2 Reservoir = Secondary A Level storage
2 C Level Pump Station = City supply (ASR or PWB) to C Level
2 Leveton FCV/PRV = PWB supply to A Level
2 65th Ave PRPS = City distribution from B to A Level
Note:

The ability to utilize supply from ASR may be disrupted in a major seismic event where main breaks disrupt the
connection between the ASR facility and the B Level reservoirs.

7.3 Seismic Hazards Evaluation

The seismic hazards evaluation for the City's water service area was conducted by geotechnical
engineers McMillen Jacobs and Associates, as summarized in the following paragraphs. More
detailed information is available in their technical memorandum included as Appendix F.

7.3.1 Seismicity and Assessment Earthquake

There are two main sources of seismicity in the Tualatin area: the CSZ at the boundary between
the oceanic Juan de Fuca Plate and the North American Plate, and crustal faults within the North
American Plate. The CSZ is located off the Pacific Coast and stretches from Vancouver Island,
British Columbia south to northern California. Subduction zone earthquakes are much larger and
longer in duration than crustal earthquakes, but also occur much further away. For the purposes
of this evaluation, seismic hazards to the water system are assessed under a CSZ magnitude 9.0
(M9) earthquake as this is regarded as the greatest threat to the region.

Paleoseismic evidence and studies of historical tsunamis indicate that the most recent CSZ event
occurred in the year 1700, probably ruptured the full length of the CSZ, and may have reached a
magnitude of 9.0. Recent seismological and geological research (Goldfinger et al., 2012) provides
the best understanding of the CSZ mega-thrust earthquake hazard for Oregon and Washington.
The magnitude of a CSZ earthquake depends on the rupture length along the subduction zone, full
rupture will likely generate mega-M9 and above earthquake events, and partial rupture will likely
cause large-magnitude 8.0 to 8.5 earthquakes.

These earthquake events are estimated to recur approximately every 500 years for the mega-
magnitude full rupture events and 200 to 300 years for the large-magnitude partial rupture events.
Thus, the probability of a future occurrence is high because we are “past due” based on historic
earthquakes documented in ocean sediments. The CSZ earthquake with a magnitude greater than
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8.5 — similar to recent events in Japan, Chile, and Indonesia — has an estimated 16 to 22 percent
probability of occurring off the Oregon Coast in the next 50 years (Goldfinger and others, 2016).

7.3.2 Subsurface Condition Assessment

Seismic hazards were evaluated based on existing M9 CSZ earthquake hazard maps published for
the Portland Metro region by the DOGAMI (Madin and Burns, 2012). For this assessment, these
maps were refined for the City’s water service area (including the Tualatin Supply Main) using
geotechnical exploration data and subsurface boring logs from reservoirs, transmission main
extensions, and various projects constructed between 1990 and 2017 near critical water facilities.
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7.3.3 Seismic Hazard Findings

The likelihood and magnitude of four sources of seismic hazard were analyzed including the
following.

= liquefaction settlement

= |ateral spreading displacement
= |andslides

= strong ground shaking

These hazards all have the potential to damage buried water mains and other water facilities.
Seismic hazards are present for the City’s water system.

= |nthe A and B levels, a large percentage of the City and its backbone transmission system
are located in high to medium liquefaction hazard zones.

= Within the liquefaction hazard zone, lateral spreading is also a hazard along creek banks
and other sloped areas steeper than four degrees.

As further discussed in Section 7.5, these seismic hazards result in a higher risk of pipeline failure
during a seismic event. New piping in areas with higher levels of seismic hazards should be
designed to withstand these seismic hazards, and the City should prioritize backbone hardening in
these areas where there is the highest likelihood of main breaks and leaks following a seismic
event.

7.3.3.1 Ligquefaction

Liguefaction occurs when saturated soil experiences enough shaking that it loses its shear strength
and transforms from a solid into a nearly liquid state. The results of soil liquefaction include loss
of bearing capacity, loss of soil materials through sand boils or flow, flotation of buried chambers
and pipes, and post-liquefaction reconsolidation (ground settlement). The assessed liquefaction
hazard for the City's water service area is quantified as a magnitude of post-liquefaction
settlement.

The liquefaction hazard varies significantly across the service area. Liquefaction potential in the
south is low due to the shallow basalt bedrock layer. Liquefiable soils are present in the rest of the
project area and there is the potential for over 9 inches of liquefaction induced settlement,
predominantly in the northern portion of the service area near the Tualatin River, and along other
creeks. Liquefaction hazards for the City's water service area are illustrated on Figure 7-3.

7.3.3.2 Lateral Spreading

Associated with soil liquefaction settlement, the liquefied soil and non-liquefied soil crust can
generate horizontal movement known as lateral spreading. Lateral spreading generally occurs
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near and along riverbanks, as well as other sloped ground. The potential for lateral spreading
depends on the liquefaction potential of the soil, the seismic horizontal loading, the residual shear
strength of the soil, and the area’s topography.

In general, the lateral spreading hazard is minimal over most the water service area due to its
relative flatness. Lateral spreading is primarily localized to creeks and rivers, areas with a
liqguefaction hazard where the ground is sloped steeper than 4 degrees. The highest lateral
spreading hazard exists in the sloped ground around the Tualatin River, Nyberg Creek, and Saum
Creek. The permanent ground deformation (PGD) in the high hazard lateral spread areas is
estimated to be over 6 feet. Lateral spreading hazards for the City's water service area are
illustrated on Figure 7-4.

7.3.3.3 Landslide

Earthquake induced landslides can occur due to the inertial force from an earthquake adding load
to a slope. The ground movement due to landslides can be extremely large and damaging to
pipelines.

Due to the relative flatness of the water service area most of the water system is not subject to a
landslide hazard. However, steeper slopes along rivers and creeks provide a potential for landslides
to occur. Estimated landslide displacement in localized areas of the City is primarily between 1 and
4 feet, as illustrated in Figure 7-5.

7.3.3.4 Ground Shaking

The rapid and extreme shaking during an earthquake can cause transient stress and strain in
pipelines that can be damaging if the pipe material and joints are not strong enough to withstand
the shaking. Damage from ground shaking occurs even when there is no permanent ground
deformation. The intensity of ground shaking can be quantified with the PGV at a site due to an
earthquake.

The estimated ground shaking intensity, PGV, depends on the subsurface materials. The ground
shaking near the surface will be amplified by thick soil units overlying deep bedrock. In areas with
shallow bedrock, such as the south, average PGV is estimated to be less than 10 inches per second
(in/s). Inthe A and B Levels, average PGV is expected to be over 15 in/s due to amplification. Figure
7-6 shows estimated PGV for the water service area.
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7.4 Water Facility Seismic Vulnerability

7.4.1 Impact of Site Conditions

In addition to the seismic hazard study for the overall service area; reservoir, pump station, and
valve site visits were also conducted to assess potential impacts from subsurface conditions and
facility orientation at each site. Assessed facilities include the A-1, A-2, and B Level Reservoirs, the
C Level Pump Station, and the Boones Ferry, City Park, and 108th Operations Supply Control
Valves. The ASR site was not included in the site visits because it was constructed since more
recent seismic regulations have been in place. These facilities correspond approximately to the
Tier 1 facilities described in Table 7-1.

7.4.1.1 Site Condition Findings Summary

= Thereis a general lack of geotechnical data and subsurface information at all of the visited
sites.

=  The C Level Reservoir site seismic hazards have been evaluated and facilities were designed
or have been seismically upgraded in recent years.

= Liguefaction settlement and lateral spreading at the A-2 Reservoir is anticipated to be
negligible. However, a thorough review of the existing data is recommended to confirm
the mapped subsurface conditions.

= Liguefaction settlement and lateral spreading at the A-1 Reservoir and the Norwood site
(B Level Reservoirs and C Level Pump Station) is anticipated to be low. Due to the
anticipated low level of liquefaction hazard, site-specific studies do not need to be
prioritized.

= There are some liquefaction settlement and lateral spreading hazards at Boones Ferry
Pump Station and Supply Control Valve, City Park Supply Control Valve, and 108%
Operations Supply Control Valve sites. A subsurface investigation and site-specific stability
evaluation is recommended for each of these site.

7.4.2 Impact of Structure Design, Age, and Condition

As part of this seismic risk assessment, a high-level building evaluation was conducted by Petersen
Structural Engineers (PSE) at 10 of the City’s water facilities, as summarized in the following
paragraphs. More detailed information is available in their visual observations report included as
Appendix G to the WSMP.

Observations of facility construction, age and condition were made based on as-built drawings
provided by the City and site visits conducted April 25, 2018. Opinions of seismic performance are
based solely on building age, condition, and type. No load-based analysis was conducted for this
evaluation. The observed water facilities include:
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= ASR Pump Station

=  Boones Ferry FCV/PRV Control Station
= Martinazzi Pump Station

= CLevel (Norwood) Pump Station

= 2.2 MG A-1 Reservoir — Welded Steel
= 5.0 MG A-2 Reservoir — Welded Steel
= 2.2 MG B-1 Reservoir — Welded Steel
= 2.8 MG B-2 Reservoir — Welded Steel
= 0.8 MG C-1 Reservoir — Welded Steel
= 1.0 MG C-2 Reservoir — Welded Steel

7.4.2.1 Structure Condition Rating

Each facility was given a condition rating which is indicative of the overall structural condition with
some adjustment for age. This rating is not a descriptor of design quality. Specific deficiencies or
areas of concern are noted for each facility. Water facility structure condition ratings are defined
in Table 7-2.

Table 7-2 | Structure Condition Rating Definitions

Rating Description

9-10 Very good

7-8 Good, shows slight signs of wear

6-6 Shows expected level of aging

3-4 Shows wear and will need rehabilitation or replacement
1-2 Should be replaced or rehabilitated as soon as possible

7.4.2.2 Structure Seismic Performance Expectation

Each facility was assigned a seismic performance expectation based on a visual inspection of the
structure and review of the original construction drawings. Construction drawing review
referenced “benchmark buildings” from the ASCE 41 Seismic Evaluation of Existing Buildings. The
benchmark building gives a baseline code edition for many types of buildings. If the building is
designed to the benchmark code (or a later iteration of that code) the building is likely to have
been detailed sufficiently to prevent a catastrophic failure or life-safety risk in a seismic event.
Water facility seismic performance expectation ratings are defined in Table 7-3.
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Table 7-3 | Structure Seismic Performance Expectation Rating Definitions

Rating General Performance/Damage Re-Occupancy Ma|.nta|n_e.d Repairs or
Serviceability Replacement
Good Structure likely to perform well with Likely Likely SR
minor damage
Structure likely to retain primary Extensive repairs
Moderate shape without collapse, moderate Possible Possible or replacement
to heavy damage expected
Partial or comprehensive structure Extensive repairs
Poor collapse likely with extensive Unlikely Unlikely or replacement
damage probable

7.4.2.3 Structure Condition Findings Summary

Most facilities observed are in generally good condition. However, significant updates to code
provisions for seismic design and detailing criteria have occurred (the Oregon Structural Specialty
Code is revised and updated every 3 years in coordination with the International Building Code)
since most structures were designed, which may lead to additional upgrades depending on the
level of risk the City is willing to accept.

Storage racks, piping, HVAC, tanks, pumps and control panels in all pump stations and ASR well
buildings generally have inadequate bracing for seismic resistance. It is recommended that these
be evaluated and upgraded with code compliant seismic bracing. Much of this bracing can be
upgraded by City staff, as procurement and installation are not complex and generally inexpensive.
Specific ratings and notes for each water facility structure are summarized in Table 7-4.
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Table 7-4 | Structure Seismic Performance Investigation

. Seismic
. Condition
Water Facility , Performance
Rating .
Expectation
ASR Pump = Recent 2010 construction with seismic considerations.
: G Good o .
Station = Seismic bracing upgrades have been completed.
= Poor overall condition, no seismic upgrades.
Boones Ferry . . . )
FCV/PRV 3 Poor = Unlikely to be operational post seismic event due to failure of
) rigid pipe to vault connections and potential structural vault
Station .
failure.
Martinazzi 4 Poor = Poor overall condition, no seismic upgrades.
Pump Station = Unlikely to be operational post seismic event.
C Level Pump = Recent 2010 construction with seismic considerations.
) 8 Good o .
Station = Seismic bracing upgrades recommended.
= 2006 seismic retrofit, buckled plates, areas of questionable
2.2 MG A-1 welds, structural analysis recommended.
. 6 Moderate ) .
Reservoir = Damage expected in seismic event.
= Existing overflow discharge could cause foundation damage.
5.0 MG A-2 . ,
. 8 Good = Recent 2006 construction, well anchored, 5’ freeboard.
Reservoir
= 2006 seismic retrofit, buckled plates, areas of questionable
2.2 MG B-1 5 Poor welds, structural analysis recommended.
Reservoir = Damage expected in seismic event.
= Existing overflow discharge could cause foundation damage.
5 8 MG B-2 ] 2.00'6 seismic retrofltl. , .
. 7 Moderate = Limited freeboard (2’), recommend increasing to reduce
Reservoir .
potential for roof damage.
= 2006 seismic retrofit included roof replacement.
0.8 MG C-1 4 Moderate - = Limited freeboard (12”), recommend increasing to reduce
Reservoir Good potential for roof damage. Addressed by setpoints that
maintain 4-feet of freeboard.
1.0 MG C-2 = Recent 2016 construction with seismic considerations, 4’
) 10 Good
Reservoir freeboard.

7.4.3 ASR Facilities

The City’s existing ASR well system has the potential to be a significant asset after a seismic event
if the facilities remain operational and other water sources are compromised. According to a study
of well survivability in previous seismic events (Ballantyne, AWWA 2010), water wells have
historically insignificant vulnerability to seismic impacts. The greatest risks to wells from a seismic
event are large earth deformations and liquefaction of soil surrounding the well casing and screen.

7.5 Pipe Fragility Analysis

Pipeline fragility describes the likelihood of pipeline damage by estimating the necessary rate of
repair (RR) per 1,000 feet of main following an earthquake. The estimated RR is based on the pipe
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material, installation, and surrounding ground conditions. While the actual location of pipeline
damage cannot be predicted, pipeline fragility analysis provides a measure of the expected
severity of damage to the water system backbone overall and may identify areas of higher relative
risk where mitigation efforts should be focused first.

7.5.1 Analysis Method

This analysis focused on estimating RR for the water system backbone mains illustrated on Figure
7-2 which were identified for this analysis with City water utility and emergency management staff
input. Backbone mains are divided into higher-priority Tier 1 mains and lower-priority Tier 2 mains.

Backbone pipeline fragility was evaluated using data provided by the City, seismic geohazards
described earlier in this section, and the Seismic Fragility Formulations for Water Systems
guideline developed by the American Lifelines Alliance (ALA). The ALA is a partnership between
FEMA and ASCE.

The ALA guideline damage algorithms used to calculate RR per 1,000 LF of pipe are based on
empirical evidence catalogued after major earthquakes such as the 1989 Loma Prieta Earthquake
in the San Francisco bay area and the 1995 Great Hanshin earthquake in Hyogoken-Nanbu (Kobe),
Japan. The guideline recommends using two pipe vulnerability functions, each of which address a
different seismic hazard:

1. RR=K1*0.00187 * PGV

This function estimates a RR per 1,000 LF of pipe due to seismic wave propagation or ground
shaking. The magnitude of ground shaking is represented by PGV, described earlier in this section.

2. RR=K2 *1.06 * PGDO3

This function estimates a RR per 1,000 LF of pipe due to PGD, which can be the result of landslide
or lateral spreading due to soil liquefaction, described earlier in this section.

In the pipe vulnerability equations above, K1 and K2 are empirical fragility constants which are
used to scale the repair rates for different pipe diameters, pipe materials, and joint types. K1
generally represents the strength and flexibility of the pipe material to withstand ground shaking.
K2 generally represents the strength and flexibility of the pipe joint to resist separation during
ground deformation. A larger K value correlates with higher material or joint vulnerability.

7.5.2 Pipe Installation and Materials (K Value Selection)

The ALA seismic fragility guideline provides a range of K values which scale estimated RR for
different pipe materials and joint types. K values are estimated based on empirical damage
evidence from previous earthquakes. Thus, the influence of some variables, such as pipe diameter,
are inconclusive based on the currently available historical water main damage data. Selected K
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values for the City’s water system backbone are summarized in Table 7-5 based on the ALA
guideline and the City’s current water system asset management data and mapping.

K1 generally represents the pipe material. RR for some material types are also influenced by pipe
diameter and soil corrosivity. Large diameter, defined as 16-inch diameter and greater, welded
steel or concrete cylinder mains show lower damage rates in previous seismic events than smaller
diameter mains of the same material. This may be attributed to higher quality control during
construction, fewer bends and lateral connections than smaller mains or lower soil loads as a
function of pipe strength for the same depth of cover. The City’s water system mapping data
includes water main diameter for all pipes and pipe material for most pipes.

Soil corrosivity also influences K1 values for cast iron and steel pipes. If these pipes are installed in
corrosive soils, anticipated damage rates would be higher. Based on soil survey data from the
NRCS, soil corrosivity is believed to be high throughout the City’s water service area. City staff
informed the project team that this is not consistent with observations of soil conditions and pipe
performance in the field. The K1 value was adjusted to reflect a moderate level of soil corrosivity,
in alignment with the City’s observations.

K2 generally represents the pipe joint and is selected based on joint type and pipe material. Joint
type information was not available for City water system mains. Joint type is assumed based on
pipe material and common construction methods at the time of pipe installation. The City’s water
system mapping data includes installation date for most pipes.

Table 7-5 | Pipe Fragility K Values?

Pipe Material Installation Date Assumed Joint Type Diameter
Cast Iron <1970 Cement All 1.4 1.0
Cast Iron >=1970 Rubber Gasket All 0.8 0.8
Ductile Iron All Rubber Gasket Small 2 0.5 0.5
Ductile Iron All Rubber Gasket 12-24” 0.8 0.7
Ductile Iron All Rubber Gasket >24” 1.0 1.0
. CCP >=1970; Rubber Gasket or
Concrete w/Steel Cylinder Ameron Al Carnegie-style push-on Large? 0.8 0.7
Polyvinyl Chloride All Rubber Gasket Small 0.5 0.8
High Density Polyethylene All Welded or fused Large 0.15 0.15
Asbestos Cement All Cement All 1.0 1.0
Unknown All Unknown All 1.0 1.0

Notes:
1. Higher K values reflect pipe that has a greater risk of breaks and/or joint failure during a seismic event
2. Small = 4- to 12-inch diameter
3. large = 16-inch diameter and greater
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7.5.3 Pipe Fragility Seismic Hazard Values
Pipe fragility RR per 1,000 LF of pipe are calculated for the following seismic hazards.

= strong ground shaking, expressed as PGV
= settlement due to liquefaction, expressed as PGDyq
= |iquefaction induced lateral spreading, expressed as PGDar

Relative potential hazard levels for each of these three hazards are shown as negligible, low,
medium, and high in Figure 7-3, Figure 7-4, and Figure 7-6. As illustrated on Figure 7-5, ground
movement due to landslide is unlikely throughout the water service area except for very localized
areas. Thus, pipe fragility due to landslide is not calculated for the City's water system backbone
overall. Specific values for PGV and PGD used in the pipe fragility RR calculations are summarized
in Table 7-6.

Table 7-6 | Pipe Fragility Seismic Hazard Values

Negligible Low Medium High
Seismic Variable (units) Fljpe Sl e e
Hazard Range Fragility =~ Range Fragility Range Fragility Range Fragility
Value Value Value Value
Ground PGV
1 1 1 1
Shaking? (inches/second) 0 <10 Oto15 >1
Liquefaction .
PGDuyq (inches) <1 1 lto4 2.5 5to 8 6.5 >9 9
Settlement
Lateral .
. PGDyat (inches) 0 0 Oto3 1.5 3to6 4.5 >6 6
Spreading

7.5.4 Pipe Fragility Findings

Buried pipeline damage caused by ground failure (liquefaction and lateral spreading) will be
significantly more severe than damage caused by ground shaking. Empirical data used to develop
the ALA’s pipe fragility analysis method reveals repair rates two orders of magnitude higher for
damage caused by ground failure. FEMA’s Hazus methodology, a nationally recognized risk model
used to assess potential earthquake damage to buried pipelines, also supports this conclusion. For
pipeline repairs caused by ground failure, Hazus assigns 80 percent of the repairs as “breaks” and
20 percent as “leaks”. For ground shaking, 20 percent are considered breaks and 80 percent leaks.

In the City's water service area, liquefaction and lateral spreading during a seismic event present
the largest risk to transmission and distribution mains. Table 7-7 summarizes the total estimated
water system backbone repairs by pressure zone due to both ground shaking and ground failure.
Total repairs are split into potential breaks and leaks based on the 80 percent to 20 percent ratios
described in the previous paragraph. Figure 7-7 illustrates estimated RR for ground shaking, Figure
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7-8 illustrates estimated RR for lateral spreading and Figure 7-9 illustrates the estimated RR for
liquefaction settlement.

Tier 1 backbone mains are the most critical for restoring water service and connecting pressure
zones. It is recommended that damage mitigation planning focus on these mains first. There is
predicted to be limited damage south of Ibach Street, primarily due to the relatively shallow
bedrock which results in low rates of expected lateral spreading and settlement. Tier 1 mains along
Boones Ferry Road, Tualatin Sherwood Highway, and Sagert Street are expected to experience
medium RR due to settlement. Tier 2 mains along Herman Road to the Leveton PRV are also
expected to experience medium rates of repair due to settlement. Overall, lateral spreading is
expected to affect the City pipe less than settlement but could result in medium RR near the Park
PRV, in the vicinity of the I-5 crossing to the C Level Reservoirs, a portion of SW Tualatin-Sherwood
Road, Sagert Road, and along the Tualatin River.

Pipe material plays a key role in predicting failures. Most of the City’s distribution piping is small
diameter ductile iron. Generally, this material is expected to withstand better in an earthquake
than some other materials. One area of concern for the City is the Tier 1 transmission along
Tualatin-Sherwood Road between Boones Ferry and Teton. This line connects the A-1 Reservoir to
the distribution system. The line was built in 1969 and is 12-inch diameter cast iron, which is
generally expected to perform relatively poorly in a seismic event. Additionally, distribution system
looping is more limited in this industrial area of the City, which means the City is more reliant on
this pipeline.

The TSM is the City’s sole source of PWB supply to the distribution system. It is a concrete cylinder
pipe that is nearly 50-years old. Because of the importance of this single line, the City should
complete a more in-depth evaluation to assess risk and potential mitigation strategies along the
pipeline.

Table 7-7 | Estimated Backbone Pipe Repairs by Pressure Zone

Length (mi) Ground Shaking | Ground Failure

Pressure Zone
Tier 1 Tier 2 Tier 1 Tier 2 Tier 1 Tier 2

A Level 2.0 5.4 <1 <1 19 42 61
B Level 4.6 <1 <1 24 <1 24
C Level 1.4 <1 <1 <1 4 4

Tualatin Transmission® 0.4 7.7 <1 <1 2 81 84
Total Estimated Backbone Repairs 7.0 14.5 <1 1 45 127 173
Estimated Leaks <1 <1 36 102 139
Estimated Breaks <1 <1 9 25 34

Note:

Transmission includes piping from the Florence Lane Master Meter to the Boones Ferry FCV/PRV and A Level and
Bridgeport Level PRVs.

For context, this analysis indicates that approximately two percent of the backbone piping in the
system (not including the TSM, which extends north outside of the City’s water service area) is
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likely to require repair of breaks or leaks following a seismic event. If the same RR is applied to the
remaining distribution system, over 100 miles of pipe, the City should expect that there may be an
excess of 600 required repairs following a seismic event.

While there is a need to focus on increasing the resilience of the City’s piping network, beginning
with the backbone and eventually extending to the entire distribution system, the City lacks the
financial resources to achieve a more resilient water distribution system in the near-term and it
will be a challenge to achieve this goal even over a long period of time (50 years). As such, the next
part of this section presents short-term investments and strategies to ensure that emergency
water supply is available to the community following a seismic event.

7.6 Emergency Plan - Valve Isolation Study

In planning for recovery after a major earthquake, the City needs specific policies and Standard
Operating Procedures (SOPs) in place to efficiently and safely bring facilities back online. This study
specifically looked at bringing the transmission line between the Boones Ferry FCV/PRV and the
Norwood Site (B Level Reservoirs) back online. However, the pressure testing procedures
described herein are applicable to bringing any pipe infrastructure back online after an
earthquake. This strategy is integrated into the Emergency Water Plan presented in Section 9.
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7.6.1 System Operations — During the Seismic Event

In the event of a significant earthquake, proposed seismically actuated valves at the reservoirs
(see Section 7.9) will activate, isolating the tanks from the system. Distribution and transmission
pipes will likely rupture in several locations throughout the system. Water in the distribution
system will be lost through the leaks but, if the reservoirs are intact and the seismic valves operate
properly, water will remain in the reservoirs. Services and hydrants will no longer receive water.

It is recommended that the City plan for the installation of seismically actuated valves at reservoirs
in each pressure zone in order to preserve stored water following a seismic event. Specific
recommendations are discussed later in this section and included in the CIP presented in Section 8.

7.6.2 System Operations — Post Seismic Event, Backbone Reinstatement

After a seismic event, the highest priority will be reinstating the Tier 1 and 2 Backbone mains, in
addition to the key facilities listed in Table 7-4. After obvious failures have been fixed, the
remaining pipe will need to be incrementally pressure tested, and the identified leaks repaired.

A map was developed to identify the pressure test sequencing for the transmission main between
the Norwood Site and the Boones Ferry FCV/PRV (see Figure 7-10). Starting at the B Level
Reservoirs and drawing water from them, valves can be closed to isolate pipe segments that are
progressively further from the Reservoirs. Adjacent hydrants can be used for pressure
measurements.

The segments south of lbach Street do not have hydrants off the transmission main, as the
pressure in that segment does not adequately serve the surrounding area. This limits the necessity
of valve closures for branching distribution piping, but also limits the hydrant availability for
pressure measurements. As this transmission line is upgraded, blowoff valves or sample
connection ports should be added every 1,000 feet along the transmission line for this purpose,
as discussed further in Section 7.7.1.1.

In order to facilitate pressure testing, the City should acquire a small pump and associated
appurtenances for performing pressure testing. It may be difficult to rent or acquire this
equipment following a seismic event and purchasing it now allows the City to configure the
apparatus and connection points for efficient setup.

7.6.3 System Operations — Post Seismic Event, Distribution
Reinstatement

Reinstating distribution lines after a seismic event will likely be a similar process to reinstatement
of transmission lines. However, as there are service laterals off distribution lines, leaks may be
more prevalent, or more difficult to test. Pressure testing working incrementally from water supply
out to distribution can help identify major system leaks. Additional leak detection measures such
as acoustic devices will also likely be used. The ORP guidelines suggest full operation within one
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month but depending on the severity of the earthquake and the resiliency of the distribution
system, reinstatement may take longer.

7.6.4 Next Steps

As the City replaces system pipes, additional consideration should be given for seismic resiliency.
In the next section, possible design standards are listed.

7.7 Design Standards for Seismic Resilience

Oregon Structural Specialty and Mechanical Specialty Codes will dictate that all new water facility
construction meet current earthquake standards which are based on an M9 event. Suggestions
for City design and construction standards include recommendations for the following types of
facilities.

=  Pipelines

= Reservoirs

= Pump Stations
= ASR

7.7.1 Pipelines

Based on the seismic vulnerability of the City's water system, restrained joint ductile iron pipe
provides the best balance of cost, performance, and life cycle. Fully restrained ductile iron pipe
reduces the risk of separation at standard push-on joints and allows limited deflection as a result
of ground shaking and ground deformation. Furthermore, ductile iron is a piping material that City
crews are familiar with and stock adequate supplies to respond to leaks and main breaks.

For pipes larger than 24-inch diameter, the City should consider the most appropriate pipe
material for the specific conditions. The selection of piping material, lining, and coating system,
and other design parameters should be made on a case-by-case basis with adequate consideration
of specific alignment seismic hazards, hydraulics, performance and life-cycle expectations, soil
considerations, etc.

7.7.1.1 Pipeline Pressure Testing

To allow for pressure testing of pipes after a seismic event, blow off valves, or other locations that
will allow the City to isolate and pressure test key pipe segments should be installed, as
replacement allows. This is especially key in areas without fire hydrants on the transmission main,
such as the B Level transmission south of Ibach Street, through the C Level, to the B Level
Reservoirs. Pressure test sites for new, or upgraded, backbone piping should be located every
1,000 feet, with the proper valving to allow for pipe isolation.
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7.7.2 Reservoirs

It is assumed that future reservoir structures will be designed to meet earthquake standards
consistent with current Structural and Mechanical Specialty codes, and these codes should be
considered when the City is evaluating the condition, performance and rehabilitation needs of
existing reservoirs. There are two key design considerations associated with reservoir
configuration and connections to the distribution system.

= Pipe to reservoir connections
= Automated isolation valves at reservoir inlet and outlet piping connections

7.7.2.1 Pipe to Reservoir Connections

At each distribution or transmission piping connection to the reservoir, significant stress can be
placed on the pipe as a result of the difference in response to ground motion and deformation by
the pipe and reservoir foundation. To minimize the risk of pipe breakage at this location, it is
recommended that a flexible expansion joint be installed at this interface. Flexible expansion joints
must be capable of allowing axial expansion/contraction and differential movement that results in
a vertical or horizontal offset. It is recommended that the City review as-built drawings to
determine if adequate flexible connection exist currently, and if not, the City should plan to add
flexible expansion joints at each reservoir in coordination with seismic actuated valves described
below.

7.7.2.2 Automated Isolation Valves

Automated isolation valving with seismic valve actuators should be considered at all reservoir
piping connections. There are several considerations to be weighed in determining whether to use
an automatic shut-off valve at each reservoir as summarized in Table 7-8.

Table 7-8 | Automatic Shut-off Valve Considerations at Reservoirs

If a seismic valve actuator is used for automatic shut-off at reservoirs:

Water Available for Fire Suppression Immediately After Event? \/
Reservoir Water Volume Preserved for Use During Recovery? \/
Requires Maintenance of Batteries for Valve Actuation? \/
Vulnerable to Accidental Closure due to False Alarm? \/

The City should consider the specific performance objectives of each reservoir associated with a
seismic event and the anticipated response and recovery period to determine whether the
installation of seismically actuated valves is warranted. For example, if two reservoirs serve a
pressure zone, one may be equipped with seismic valves to preserve the water volume for future
use during recovery while the other will remain connected to the system to provide adequate
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pressure if limited, or no damage occurs in the system, with the risk that this volume may be lost
through main breaks.

In order to maximize the volume of water retained in storage following a seismic event, it is
recommended that the City install seismic isolation valves on all reservoirs. Recent advances in the
technology makes these valves far less prone to false alarms and maintenance issues, and there is
the potential to operate these valves with a signal from seismic warning systems that are in
ongoing development and expansion across the Northwest.

During preliminary design, the City should confirm the configuration of seismic isolation valves,
including:

= Single or dual valves for isolation of sites with multiple reservoirs
= Source of standby power for valve operation (standby generator versus battery backup)

7.7.3 Pump Stations

Similar to reservoir structures, pipe connections at the pump station building present specific
vulnerability as a result of differential movement and settlement. To minimize the risk of pipe
breakage at this location, it is recommended that a flexible expansion joint be installed at this
interface. Flexible expansion joints must be capable of allowing axial expansion/contraction and
differential movement that results in a vertical or horizontal offset.

Standby power should also be provided, in the form of a standby generator, at all critical pump
station facilities. The standby generator should be equipped with onsite fuel storage for at least
24 hours of operation. While a significantly greater volume of fuel will likely be required to sustain
operation of the generator through the recovery period following a seismic event, storage of
greater volumes of fuel present complications and are likely not economically feasible. The City’s
public works facility includes onsite fuel storage that will extend the City’s ability to operate
without sourcing additional fuel following an emergency.

7.7.4 ASR

Future upgrades and design considerations can further enhance seismic resiliency of the City’s ASR
well. These include:

= flexible couplings at the wellhead to withstand ground motion

= quick-connect couplers to deliver water to a truck or skid-mounted tank if the water
distribution system has failed

= easy access over the wellhead to clean and repair the well after a major seismic event
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The most significant improvement to increase the City’s ability to beneficially use water from the
ASR well following a seismic event is to construct a new B Level reservoir at the site to provide
onsite storage for distribution of water.

7.8 Next Steps

This initial seismic evaluation demonstrates that there are significant risks to the City’s water
system during a seismic event. The City has made significant steps towards identifying and
planning for these risks through the Emergency Water Supply Study. As discussed in the study, it
is recommended that the City:

= Continue coordination with emergency managers to refine understanding of post-disaster
water needs which will inform water facility performance goals and design choices.

= Pursue a more detailed analysis of vulnerable facilities to develop a 50-year seismic CIP
consistent with the ORP.

= Consider seismic implications when replacing transmission or distribution piping.

= |nclude blow-off valves and other appurtenances to allow for systematic pressure testing
of mains after a seismic event.

7.9 Summary of Recommendations

The highest priority recommendations presented in this section are summarized below. For those
recommendations that include capital investment, see Section 8 for the proposed capital
improvement cost and timing relative to the conditional and capacity related improvements
described elsewhere in this WSMP.

= Facility Seismic Improvements:

o Upgrade the Boones Ferry FCV/PRV — Upgrades to this facility should include
rehabilitation or replacement of the buried utility vault and piping transitions. This is a
critical water supply facility for transmitting PWB supply to the B Level and C Level
service zones.

o A-1 Reservoir Structural Analysis — A structural analysis should be performed for this
reservoir to better quantify seismic risk and determine if cost-effective mitigation
strategies are available.

o Reservoir Connections: Flexibility and Isolation — Install new flexible connections
(where current flexible connections are not provided or are inadequate) and seismic
isolation valves at all six of the City’s existing reservoirs. New reservoirs should be
designed and constructed with these features.
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o Install a permanent standby generator at the Norwood Pump Station with adequate
fuel storage for a minimum of 24-hours of operation.

=  Backbone Piping:
o Implement the Seismic Design Standards presented in this section.

o TSM Study — Conduct a study to assess the condition and performance of the TSM,
especially in the context of seismic resilience. The study should present mitigation
strategies and costs for City consideration in the broader context of water supply
reliability.

= Emergency Preparedness:

o Implement the strategies, recommendations and improvements presented in Section
9, Emergency Water Plan.
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Section 8

Capital Improvement Program (CIP)

This section presents recommended improvements for the City’s water system based on the
analysis and findings presented earlier in this WSMP and projects identified in the 2013 WSMP.
These improvements include supply, storage reservoir, pump station, and water main projects.
The CIP presented in Table 8-3 later in this section summarizes recommended improvements and
provides an approximate timeframe for each project. Proposed improvements are illustrated in
Figure 8-1.

8.1 Project Cost Estimates

An estimated project cost has been developed for each recommended improvement consistent
with previously identified projects from the City’s 2013 plan and current preliminary design work,
as applicable. Cost estimates represent opinions of cost only, acknowledging that final costs of
individual projects will vary depending on actual labor and material costs, market conditions for
construction, regulatory factors, final project scope, project schedule and other factors. The AACE
classifies cost estimates depending on project definition, end usage and other factors. The cost
estimates presented here are considered Class 5 with an end use being a study or feasibility
evaluation and an expected accuracy range of -50 percent to +100 percent. As the project is better
defined, the accuracy level of the estimates can be narrowed.

8.2 Timeframes

A summary of all improvement projects and estimated project costs is presented in Table 8-2 | .
This CIP table provides for project sequencing by showing projects prioritized by timeframes
defined as follows.

= (Oto 5-year timeframe - recommended completion through 2027

="  6to 10-year timeframe - recommended completion between 2028 and 2032
= 11 to 20-year timeframe - recommended completion between 2033 and 2042
= 20+ year timeframe — recommended completion beyond 2043

A note on timeframes — these recommendations are based on an understanding as of 2022. If
development occurs at a faster or slower rate, some projects, such as a second B Level reservoir,
may be required earlier than documented in this WSMP. Additional studies may be required for
certain projects, as well.
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8.3 Supply

8.3.1 PWB Supply

The WCSL will need investment in the form of rehabilitation and eventual replacement. The City
should plan for continued investment in the WCSL and an additional study when replacement is
deemed necessary. As partners of the WCSL change their use of the supply main, this investment
may change as well. A recent investigation by PWB evaluated potential changes in water quality
as a result of increased water age as the WCSL’s largest user, TVWD, discontinues use of the
transmission main for wholesale supply in 2026. While the study indicated that increased water
age should be offset by water quality improvements associated with the implementation of
filtration of the Bull Run supply, the City should prepare for potential increases in disinfection by-
product formation and lower disinfectant residuals when these changes occur in 2026.

8.3.2 Emergency Supply Development

As discussed in the City of Tualatin - Water Supply Strategy (The Formation Lab, 2021), PWB
remains the most reliable source of long-term supply for the City and a three prong strategy is
recommended to ensure the continued reliability of the City’s water supply including:

= |nvestin a New Backup Supply
= Continue to Support Reliability of the PWB System
® |ncrease Reliability of Local Interties

Tasks under these strategies are included in the CIP as CIP# 604, Emergency Supply Improvements
Placeholder, with an assumed bulk cost to apply towards the various projects. The City should
continue to update and refine the strategies as work continues, as well as update the CIP estimates
as more information and detail are established for the City’s long-term supply needs.

8.4 Storage Reservoirs

As presented in Section 5, the City will need additional storage at all supply levels. Due to site and
transmission limitations, it is recommended to build all additional storage at the B Level, and pump
or valve to appropriate pressures for the A and C Levels. Two locations have been identified — the
existing ASR site and adjacent to the existing B Level Reservoirs (Norwood). Property acquisition
may be required for a third reservoir at the Norwood site.

It is recommended that the City implement the following strategy for development of additional
storage:

= Construct an additional 2.5-MG Reservoir in the next 5 years (2022-2027, CIP# 601). This
improvement will address short-term storage deficits. It is anticipated that this storage will
be constructed at the ASR site.
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=  The remaining system-wide deficit at buildout should be addressed by constructing a 1.0
MG reservoir with construction timing as required by development.

8.4.1 Reservoir Seismic Improvements

Various projects are recommended for seismic resilience improvements at the City’s reservoirs. In
addition to projects discussed in Section 8.8, seismic valving should be installed at each of the
reservoirs. This cost is included in CIP projects when upgrades are called out at individual reservoirs
and as CIP# 602, 605, 613 and 614 for the B-2, C Level, and A Level Reservoirs.

8.5 Pump Stations

8.5.1 Ato B Pumping

It is recommended the City invest in a facility to provide pumping from the A to B Levels in the
event of a Boones Ferry FCV/PRV Supply outage. A replacement of the existing Martinazzi Pump
Station is recommended, but a portable pump station is also an option. This pump station upgrade
should occur in 6-10 years. Budget for this project is included in the CIP table under CIP# 606,
Upgrade Martinazzi Pump Station.

8.5.2 B to C Pumping

As discussed in Section 5.4.2, it is recommended the City construct a second C Level Pump Station,
located at the ASR site once a B Level reservoir is constructed at the site. This new pump station
will provide resilience and flexibility for supplying the C Level, for both typical operations and fire
flow requirements. Budget for this project is included in the CIP table under CIP# 603.

8.6 Distribution Mains

Replacement unit costs for distribution mains are displayed in Table 8-1. These costs are calculated
as project costs based on RSMeans pipe costs and recent bid tabulations in the region, and include
general markups for earthwork and construction, erosion, and traffic control (five percent), meters
(10 percent), fittings and valves (30 percent), mobilization (10 percent), contingencies (30
percent), contractor overhead (15 percent), engineering design (20 percent), and legal/admin
coordination (10 percent). Actual costs will vary based on roadway improvements and other
conditions.
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Table 8-1 | Unit Costs for Distribution Main Projects

Pipe Diameter Cost per Linear Foot (S/LF)
8-inch $509
12-inch $686
18-inch $931

8.6.1 Fire Flow Improvements

As presented in Section 5, the City’s distribution system is generally well looped. Adequate fire
flow is available throughout most of the existing distribution system. Localized water main
upgrades (either upsizing or looping) are recommended to address fire flow deficiencies. These
have been identified in the CIP (Table 8-3) as residential or non-residential fire flow projects. It
should be noted that some industrial sites have onsite pumping that is not included in this analysis
and may mitigate some of the deficiencies. Improvements to address sites that may have pumping
are included in the plan at this time and should be assessed on a case-by-case basis prior to
budgeting for improvements.

8.6.2 B Level Transmission Main

Proposed improvements between the Boones Ferry FCV/PRV and the B Level reservoirs are
recommended to improve supply to the B and C Levels during maximum day demands. A
replacement 18-inch diameter main is recommended. The completion of this major capital
improvement project is split into two segments.

A. Norwood Reservoir Site to Ibach Street (Norwood Road and Boones Ferry Road) within the
immediate timeframe (CIP# 301A, 0-5 yrs, 2022-2027)

B. Ibach Street to Sagert Street (CIP# 301B, 6-10 yrs, 2028-2032)

8.6.3 C Level Transmission Main

Upsized transmission is recommended between the C Level Pump Station at the Norwood site and
the C Level Reservoirs at the Frobase site. A route along the existing transmission line was analyzed
in the Water System Capacity Analysis — Basalt Creek Service Technical Memorandum (see
Appendix E). It is understood that this project may face significant construction challenges and the
City proposed a hydraulically similar path south through the proposed Autumn Sunrise
development, then east via a new |-5 crossing aligned with Greenhill Road. A predesign level
analysis of the feasibility and cost of the two alternate routes should be evaluated. The updated
transmission improvement is divided into multiple segments:
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8.6.4

0-5 Years, 2022-2027 C Level Transmission Improvements:

o Oversize Autumn Sunrise subdivision piping from C Level Pump Station, south to
Greenhill Road to 18-inch diameter when constructed (CIP# 303)

o New I-5 Crossing at Greenhill Road and connection to existing transmission along SW
82" Ave, approximately 2,200 LF of 18-inch diameter main (CIP# 302A)

6-10 Years, 2028-2032 C Level Transmission Improvements:

o Upsizing the remaining transmission from the new I-5 Crossing up to the C Level
Reservoirs to 18-inch diameter main, 1,300 LF (CIP# 302B)

Replacements, Opportunity Projects, and Maintenance

The City has established on-going capital expenditures to maintain the existing distribution system
level of service including,

Water main replacements: Pipes were assumed to need replacement after 75 years.
Continued investment in renewal and replacement of the water system is essential to
ensuring reliable system operation and minimizing expensive emergency repairs
associated with failing pipeline infrastructure. Costs were assumed at $1,000,000 annually
beginning in 2033 (Year 11 of the CIP) and continuing indefinitely.

Opportunity projects: Upsizing or extension of water mains in concert with other utility or
road work in the same area. Costs for these projects are not known but may be allocated
in other capital projects slated for the future, or in pipe replacement.

Annual maintenance: Annual maintenance for pipes, tanks, pump stations, valves, and
other facilities is not considered in the CIP list. It is assumed these maintenance items are
addressed in the operations budget.

8.7 Planning Studies

8.7.1

System-wide Planning

It is recommended that the City continue to update the WSMP every 10 years. An updated WSMP
is required by the State of Oregon on a 20-year planning period. However, with the rapid pace of

growth

in Tualatin and the broader metro area, it is prudent for the City to continue to regularly

evaluate capital investment and prioritize needs for the water system with updated WSMPs. An

update

has been included in the 11-20 year timeframe of the CIP (CIP# 615).

8.8 Additional Projects from City Planning

Additional projects have been included in this CIP from other City planning efforts.
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8.8.1 AWIA Improvements

The American Water Infrastructure Act of 2018 (AWIA) is a federal law with over 30 mandated
programs administered by the EPA. The primary goal of the law is to invest in aging drinking water
systems. Several projects were identified in the City’s compliance including the following:

= Onsite power generation (either trailer or permanent) at the C Level Pump Station. This
project is in line with pump station power redundancy goals outlined in Section 4 (CIP#
607).

= Seismic upgrades to the B-1 Reservoir. The City indicated a 2018 assessment called for
improvements to bring the reservoir into code. A full seismic evaluation is recommended
to refine project scope and costs.

= Seismic upgrades to each of the five (5) Portland Supply Valves, with the Boones Ferry
FCV/PRV as top priority (CIP# 609).

=  Miscellaneous physical site and cyber security upgrades.

8.8.2 City CIP

The City’s current CIP includes several projects not mentioned elsewhere in the plan. These
include:

= SCADA upgrades — At the end of 2021, the City began upgrading its SCADA system. Project
costs were provided by the City and are included in year 0-5 and include design,
implementation, and associated equipment.

= ASR well rehabilitation — The ASR well will likely require rehabilitation for efficient
operation in the next 6-10 years.

=  Childs Road AC main I-5 crossing replacement — The City intends to replace the AC crossing
of I-5. Project costs were provided by City staff and are included as CIP# 702.

= Additional rehabilitation at reservoirs including:
o A-1Reservoir interior coating rehab (included in CIP# 613).

o A-2 Reservoir interior coating inspection and rehabilitation (included in CIP# 614).

8.8.3 Future Service Areas

The backbone piping for future service areas is illustrated in Figure 8-1. These projects are included
in the CIP as developer driven.
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8.9 Capital Improvement Program

Table 8-2presents a summary of project types and overall recommended CIP funding. Individual
projects are listed and costed in Table 8-3. Table 8-3 summarizes these projects by investment
timeframe (0-5 years, 6-10 years, etc.). Within each timeframe projects are ordered by type. The
City’s proposed CIP includes significant investment, particularly in supply and storage
improvements. This new capacity will serve growth while also providing more resilient water
facilities that benefit all customers. An evaluation of water rates and SDCs in support of the water
system CIP will be completed as follow-on work to this WSMP.

Table 8-2 | CIP Cost Summary

Project Type 0-5 Years 6-10 Years 11-20 Years Total
Residential Fire $1,120,000  $1,120,000
Flow
Non-Residential $9,486,000  $9,486,000
Fire Flow?

System Looping $3,615,000 $3,615,000
Transmission $10,556,000  $6,610,000 $17,166,000
Facilities $14,850,000 $7,300,000 $5,610,000 $27,760,000
Renewal and $9,900,000  $9,900,000
Replacement?

Total $25,406,000 $17,525,000 $26,116,000 $69,047,000

Notes:

1. Not all non-residential fire flow improvements may be required as some sites may have onsite pumping.

2. Pipe replacement is a perpetual ongoing cost and should be planned for. $1,000,000/year was assumed to allow
for systematic replacement of aging mains beginning in Year 11 of the CIP.
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Table 8-3 | CIP Projects

Project Type

Description

Diameter

Length

Cost Estimate

Timing

303
605
603

302A

604
503A

301A

601
607
610

611
613
404
401
405
402
403
406

302B

301B
606
612
614
220
214
202

701

217
208
205
209
207
216
222
218
211
206
212
210
215
615

201

608
609

702

602
501
502
5038
504

Transmission
Facilities

Facilities

Transmission

Facilities
Transmission

Transmission

Facilities
Facilities
Facilities

Facilities
Facilities
System Looping
System Looping
System Looping
System Looping
System Looping
System Looping

Transmission

Transmission
Facilities
Facilities
Facilities
Fire Flow
Fire Flow
Fire Flow

Renewal and

Replacement
Fire Flow
Fire Flow
Fire Flow
Fire Flow
Fire Flow
Fire Flow
Fire Flow
Fire Flow
Fire Flow
Fire Flow
Fire Flow
Fire Flow
Fire Flow
Facilities

Fire Flow

Facilities
Facilities
Renewal and
Replacement
Facilities
Future Service Area
Future Service Area
Future Service Area
Future Service Area

C Level Transmission - Oversize Autumn Sunrise
piping!

Seismic Upgrades at C Level Reservoirs

B to C Level Pump Station at ASR Site (after or
concurrent with 601)

C Level Transmission - new |-5 crossing and
connect at Greenhill Rd

Emergency Supply Improvements Placeholder
Basalt Creek Pipeline from Boones to Graham
B Level Transmission upsizing - Ibach to B Level
Reservoirs

B Level Reservoir 3 (predate or concurrent with
603)

C Level Pump Station, On Site Power Generation
Miscellaneous Physical Site and Cyber Security
Upgrades

SCADA Upgrades

A-1 Reservoir upgrades

90th Ave (A Level)

SW Blake St — 105%™ to 108th (B Level)

Leveton (A Level)

Manhasset Dr (A Level)

Amu St Extension (A Level)

lowa St (C Level)

C Level Transmission upsizing - SW 82nd Ave to C

Level Reservoirs

B Level Transmission upsizing - Ibach to Sagert
Upgrade Martinazzi Pump Station

ASR Well Rehabilitation

A-2 Reservoir upgrades

Residential - SW Dakota Dr

Non-residential - SW Sagert St and 65th Ave
Non-residential - SW Bridgeport Rd

Annual Replacement of Aging Pipes?

Residential - SW Lummi St
Non-residential - SW 97th Ave
Non-residential - SW 89th Ave
Non-residential - SW Manhasset Dr
Non-residential - SW 95th Ave
Non-residential - SW 95th Ave
Non-residential - SW Herman Rd
Residential - SW Columbia and SW Chehalis Cir
Non-residential - SW 119th Ave
Non-residential -SW 90th Ct
Non-residential - SW 125th Ct
Non-residential - SW 124th Ave
Non-residential - SW Mohawk St

Water System Master Plan Update
Non-residential - SW Hazel Fern Rd, McEwan Rd,
and I-5 Crossing

B-1 Reservoir seismic upgrades
Portland Supply Valve Seismic Upgrades
Childs Road I-5 crossing and AC Main
Replacement

B Level Reservoir 4

Western B Level Extension

Planned Residential near |-5

C Level Extension

C to B Level PRV in Basalt Creek Area

(in)/Size
18

1,000
gpm

18

18

2.5 MG

8
12
12
12
12
12

18

18
4,000 gpm

18
12,18

SIM/Yr

12
12
12
12
12
12

12
12
12
12
12

18

1 MG
12,18
8,12
12
Fire Flow

(LF)
1400

2,200

5,000

500
1,400
800
900
750
1,100

1,300
5,800

600
1,000
1,300

400
500
500
500
500
600
700
2,400
900
900
1,000
1,000
1,900

3,300

32,800
11,600
9,600

$1,304,000
$450,000
$2,000,000

2,042,000

$2,000,000
$2,555,000

$4,655,000

$6,250,000
$200,000
$250,000

$2,050,000

$2,100,000
$255,000
$924,000
$549,000
$617,000
$515,000
$755,000

$1,210,000

$5,400,000
$5,500,000
$600,000
$1,500,000
$305,000
$932,000
$1,210,000

$9,000,000

$204,000
$343,000
$343,000
$343,000
$343,000
$412,000
$480,000
$1,222,000
$617,000
$617,000
$686,000
$686,000
$1,303,000
$250,000

Future Cost

$2,110,000
$1,000,000

$900,000
$2,500,000

0-5
0-5
0-5

6-10

0-5
0-5

0-5

0-5
0-5
0-5

0-5

0-5
6-10
6-10
6-10
6-10
6-10
6-10

6-10

6-10
6-10
6-10
6-10
11-20
11-20
11-20

11-20

11-20
11-20
11-20
11-20
11-20
11-20
11-20
11-20
11-20
11-20
11-20
11-20
11-20
11-20
Beyond
20
11-20
11-20

11-20
11-20

Developer Driven and
Funded

Notes:

1. Assumed City to pay only oversizing costs. Total cost shown consistent with other pipe improvements.

2. Pipe replacement is a perpetual ongoing cost and should be planned for. $1,000,000/year was assumed to allow for systematic replacement of aging mains beginning in
Year 11 of the CIP
3. Some of the non-residential fire flow improvements may be for locations with onsite pumping.
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8.10 Funding Sources

A variety of sources may contribute to the funding of the City’s CIP. In general, these sources can
be summarized as: 1) governmental grant and loan programs; 2) publicly issued debt; and 3) cash
resources and revenues. These sources are described below.

8.10.1 Government Loan and Grant Programs

8.10.1.1 Oregon State Safe Drinking Water Financing Program

Annual grants from the EPA and matching state resources support the Safe Drinking Water Fund.
The program is managed jointly by the OHA DWS and Business Oregon's Infrastructure Finance
Authority (IFA). The Safe Drinking Water Fund program provides low-cost financing for
construction and/or improvements of public and private water systems. This is accomplished
through two independent programs: the Safe Drinking Water Revolving Loan Fund (SDWRLF) for
collection, treatment, distribution and related infrastructure, and the Drinking Water Protection
Loan Fund (DWPLF) for sources of drinking water improvements prior to the water system intake.

The SDWRLF lends up to $6 million per project, with a possibility of subsidized interest rate and
principal forgiveness for a Disadvantaged Community. The standard loan term is 20 years or the
useful life of project assets, whichever is less, with interest rates at 80 percent of the current
state/local bond rate. The maximum award for the DWPLF is $100,000 per project.

8.10.1.2 Special Public Works Fund

The Special Public Works Fund program provides funding for the infrastructure that supports job
creation in Oregon. Loans and grants are made to eligible public entities for the purpose of
studying, designing, and building public infrastructure that leads to job creation or retention.

Water systems are listed among the eligible infrastructure projects to receive funding. The Special
Public Works Fund is comprehensive in terms of the types of project costs that can be financed.
As well as actual construction, eligible project costs can include costs incurred in conducting
feasibility and other preliminary studies and for the design and construction engineering.

The Fund is primarily a loan program. Grants can be awarded, up to the program limits, based on
job creation or on a financial analysis of the applicant's capacity for carrying debt financing. The
total loan amount per project cannot exceed $10 million. The IFA is able to offer discounted
interest rates that typically reflect low market rates for very good quality creditors. In addition,
the IFA absorbs the associated costs of debt issuance thereby saving applicants even more on the
overall cost of borrowing. Loans are generally made for 20-year terms but can be stretched to 25
years under special circumstances.
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8.10.1.3 Water/Wastewater Fund

The Water/Wastewater Fund was created by the Oregon State Legislature in 1993. It was initially
capitalized with lottery funds appropriated each biennium and with the sale of state revenue
bonds since 1999. The purpose of the program is to provide financing for the design and
construction of public infrastructure needed to ensure compliance with the SDWA or the Clean
Water Act.

Eligible activities include costs for constructing improvements for expansion of drinking water,
wastewater, or stormwater systems. To be eligible a system must have received, or be likely to
soon receive, a Notice of Non-Compliance by the appropriate regulatory agency, associated with
the SDWA or the Clean Water Act. Projects also must meet other state or federal water quality
statutes and standards. Funding criteria include projects that are necessary to ensure that
municipal water and wastewater systems comply with the SDWA or the Clean Water Act.

In addition, other limitations apply, including:
= The project must be consistent with the acknowledged local comprehensive plan.

= The municipality will require the installation of meters on all new service connections to
any distribution lines that may be included in the project.

= The funding recipient shall certify that a registered professional engineer will be
responsible for the design and construction of the project.

The Water/Wastewater Fund provides both loans and grants, but it is primarily a loan program.
The loan/grant amounts are determined by a financial analysis of the applicant's ability to afford
a loan including the following criteria: debt capacity, repayment sources, and other factors.

The Water/Wastewater Fund financing program's guidelines, project administration, loan terms,
and interest rates are similar to the Special Public Works Fund program. 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 through a combination of direct and/or bond funded loans.
Loans are generally repaid with utility revenues or voter-approved bond issuance. A limited tax
general obligation pledge may also be required. Certain entities may seek project funding within
this program through the sale of state revenue bonds, although this can be a significant
undertaking.

8.10.1.4 Water Infrastructure Finance and Innovation Act

The Water Infrastructure Finance and Innovation Act of 2014 (WIFIA) established the WIFIA
program, a federal credit program administered by EPA. The program can provide financing for a
broad range of eligible water and wastewater projects or combinations of projects. Up to 49
percent of eligible project costs can be financed through WIFIA, which can be combined with other
local funding sources such as revenue bonds.
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The WIFIA program offers the potential for substantial savings to municipalities on borrowing costs
through a combination of lower interest rates, deferred payments, flexible payment structuring,
and longer loan term. Lower borrowing costs can reduce the level of rate increases needed to fund
capital improvements.

The savings on borrowing costs begin with lower interest rates. The interest rate on WIFIA loans
is fixed and is tied by statute to the 30-year Treasury rate as of closing, which is typically well below
the market rate on revenue bond financing. Unlike with revenue bonds, funds from WIFIA loans
are disbursed over time on a reimbursement basis as expenses are incurred. Interest accrues on
WIFIA loan funds only as they are disbursed.

WIFIA loans are set up for 30-year repayment periods, with the loan term beginning after
substantial completion of construction. Payments can be deferred throughout the construction
period and for up to 5 years after substantial completion. The result is a potential loan term of up
to 35 years after substantial completion. The WIFIA program also allows for flexible payment
structuring throughout the loan term to help the borrower manage the impact of loan payments
on rate increase requirements.

Projects are selected to apply for WIFIA financing through a competitive annual process
administered by the EPA. Appropriate related federal provisions apply under the loans, such as
National Environmental Policy Act (NEPA), Davis-Bacon, and American Iron and Steel.

8.10.2 Public Debt

8.10.2.1 General Obligation Bonds

General obligation bonds are backed by the City’s full faith and credit, as the City must pledge to
assess property taxes sufficient to pay the annual debt service. This tax is beyond the State’s
constitutional limit of $10 per $1,000 of assessed value. A “double-barrel” bond uses a mix of
property taxes and user fees and is a mix of the general obligation bond and a revenue bond.

Oregon Revised Statutes limit the maximum bond term to 40 years. The realistic term for which
general obligation bonds should be issued is 15 to 20 years, or more. Under the present economic
climate, lower interest rates will be associated with the shorter terms.

Financing of water system improvements by general obligation bonds is usually accomplished by
the following procedure.

1. Determination of the capital costs required for the improvement.
2. An election by the voters to authorize the sale of bonds.
3. The bonds are offered for sale.
4. The proceeds from the bond sale are used to pay the capital costs associated with the
project(s).
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General obligation bonds are similar to revenue bonds in matters of simplicity and cost of issuance.
Since the bonds are secured by the power to tax, these bonds usually command a lower interest
rate than other types of bonds. General obligation bonds lend themselves readily to public sale at
a reasonable interest rate because of their high degree of security, tax-exempt status, and public
acceptance.

General obligation bonds, which impact the community’s tax burden through the full faith and
credit pledge, are normally associated with the financing of facilities that benefit a large portion
of the community and must be approved by a majority vote.

8.10.2.2 Revenue Bonds

For revenue bonds, the City pledges the net operating revenue of the utility to repay the bonds.
The primary source of the net revenue is user fees, and the primary security is the City’s pledge to
charge sufficient user fees to pay all operating costs and debt service.

The general shift away from ad valorem property taxes and toward a greater reliance on user fees
makes revenue bonds a frequently used option for payment of long-term debt. Many communities
prefer revenue bonding because it ensures that no tax will be levied. In addition, debt obligation
will be limited to system users since repayment is derived from user fees. An advantage with
revenue bonds is that they reserve the tax-based revenues for other services and are not typically
restricted by debt limitation statues. Furthermore, the issuing authority can set user rates to fund
the debt repayment without needing a public vote.

Municipalities may elect to issue revenue bonds for revenue producing facilities without a vote of
the electorate (ORS 288.805-288.945). Certain notice and posting requirements must be met and
a 60-day waiting period is mandatory. A petition signed by five percent of the municipality’s
registered voters may cause the issue to be referred to an election.

8.10.2.3 Improvement Bonds

Improvement (Bancroft) bonds can be issued under an Oregon law called the Bancroft Act. These
bonds are an intermediate form of financing that is less than full-fledged general obligation or
revenue bonds, but is quite useful, especially for smaller issues or for limited purposes.

An improvement bond is payable only from the receipts of special benefit assessments, not from
general tax revenues. Such bonds are issued only where certain properties are recipients of special
benefits not occurring to other properties. For a specific improvement, all property within the
improvement area is assessed on an equal basis, regardless of whether it is developed or
undeveloped. The assessment is designed to apportion the cost of improvements among the
benefited property owners approximately in proportion to the afforded direct or indirect benefits.
This assessment becomes a direct lien against the property, and owners have the option of either
paying the assessment in cash or applying for improvement bonds. If the improvement bond
option is taken, the municipality sells Bancroft improvement bonds to finance the construction,
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and the assessment is paid over 20 years in 40 semi-annual installments with interest. Cities and
special districts are limited to improvement bonds not exceeding three percent of true cash value.

8.10.3 Water Fund Cash Resources and Revenues

The City financial resources available for capital funding include rates, cash reserves, and SDCs.
Rates are the backbone of a municipal water system’s revenue and are typically established to
provide funds to capitalize improvement projects or to repay debt-financed improvement
projects.

An SDC is a fee collected on new development. The SDC is used to finance the necessary capital
improvements required by the development. The charge is intended to recover an equitable share
of the costs of existing and planned facilities that provide capacity to serve new growth.

Oregon Revised Statutes 223.297 — 223.314 establish guidelines on the establishment of the SDC
methodology and administration. By statute, an SDC amount can be structured to include one or
both of the following two components.

=  Reimbursement Fee — Intended to recover an equitable share of the cost of facilities
already constructed or under construction.

= mprovement Fee — Intended to recover a fair share of future planned capital
improvements needed to increase the capacity of the system.

The reimbursement fee methodology must consider the cost of existing facilities and the value of
unused capacity in those facilities. The calculation must also ensure that future system users
contribute no more than an equitable share of existing facilities costs. Reimbursement fee
proceeds may be spent on any capital improvements or debt service repayment related to the
system for which the SDC is applied. For example, water reimbursement SDCs must be spent on
water improvements or water debt service.

The improvement fee methodology must include only the cost of projected capital improvements
needed to increase system capacity. In other words, the cost of planned projects that correct
existing deficiencies or do not otherwise increase capacity may not be included in the
improvement fee calculation. Improvement fee proceeds may be spent only on capital
improvements (or related debt service), or portions thereof, that increase the capacity of the
system for which they were applied.
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Section 9

Emergency Water Plan

9.1 Introduction

This section documents development and results of the Emergency Water Plan. The Emergency
Water Plan is intended to address water system recovery after a catastrophic event such as a CSZ
seismic event. In this scenario, it is assumed there is significant damage to water system
infrastructure and the distribution system is not functioning. Water will initially be distributed at
emergency water sites located throughout the community, with community members traveling to
and those sites on foot. After a catastrophic event, City staff will be focused on recovering function
of the water system, with emergency distribution activities largely being accomplished by
emergency response agencies and the Community Emergency Response Team (CERT) and local
volunteers. The Emergency Water Plan was developed with significant input from those agencies
and groups.

The Emergency Water Plan has two components: 1) a Water System Recovery Plan describing the
approach to incrementally recovering water system function following a catastrophic event and
2) Improvements and Materials needed to implement the plan.

9.2 Planning Process

The Emergency Water Plan was developed based on input from Emergency Responders and CERT.
Prior to starting the project, the plan was envisioned as identifying specific sites through the City
where emergency water would be distributed after a catastrophic event, with City staff delivering
water to those sites in tanks or trucks and CERT and other volunteers directly distributing water
from those sites to members of the community. Through the planning process and input from the
emergency responders and CERT, it emerged that the plan should be more flexible and focus on
working with existing infrastructure and supplies.

The plan was developed as follows.

= Emergency Responders Workshop. This workshop engaged local agencies involved in
emergency response, educating them about the local water system and receiving input on
water distribution sites characteristics and locations.

= Draft Emergency Water Plan. Based on the outcome of the workshop, the project team
developed a draft plant to incrementally recover water system function.

= CERT Workshop. The project team shared the water system recovery plan with CERT, both
to share information on the planned approach and to receive feedback.
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= Revised Emergency Water Plan. A revised version of the Emergency Water Plan was
presented to City Council.

Additional information on the two workshops is provided herein.

9.2.1 Emergency Responders Workshop

Goals of the Emergency Responders Workshop were as follows.
* |ntroduce attendees to Tualatin’s need for an Emergency Water Plan.
= Solicit feedback on ideal characteristics of an emergency water distribution site.
= |dentify potential emergency water distribution sites for further consideration.

Attendees included representatives from: City of Tualatin Public Works and Police Departments,
American Red Cross, Tualatin Valley Fire & Rescue, Washington County Emergency Management,
Legacy Meridian Park Medical Center, Clackamas County Disaster Management, CERT, and the
consultant team.

The workshop included initial live polling of attendees, a brainstorming exercise to identify ideal
water distribution site characteristics, and an interactive exercise to identify potential water
distribution site locations.

9.2.1.1 Level of Emergency Water Service

Attendees were polled during the meeting on their role in emergency response and expected level
of emergency water service that can be provided to the community after a catastrophic event.
Results of the polling included:

= 70 percent of attendees reported having a role in providing drinking water after an
emergency.

= Attendees expressed a desire to move to a high level of preparedness (6 on a scale of 7)
from the current low level of preparedness (3 on a scale of 7).

= All attendees have emergency water stored at home, with half meeting the recommended
14 gallons per person.

= Attendees estimated the maximum distance residents can be expected to walk to
emergency water distribution sites as between a quarter and half-mile.

= Attendees on average thought that six to ten emergency water sites could be managed,
though many thought fewer sites are more realistic.
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Attendees recognize the number of sites that can be managed will drive the distance community
members need to walk to get water, with the required distance likely exceeding the quarter to
half-mile identified as preferable.

9.2.1.2 Ideal Characteristics of a Water Distribution Site

Attendees went through a brainstorming exercise to identify characteristics of an ideal emergency
water distribution site. The group developed the following list.

= Accessible/traffic flow =  QOpen space for helicopter access

= Ona major street = Away from hazard exposure - flood
earthquake, landslides, hazardous

* Appropriate distribution materials (check DOGAMI map), no

overhead things (power)
=  Co-located with other community

points of distribution: = Schools, parks, churches, some

reservoirs, big box stores
o Near shelters

o Near demand — SW99 »  Geographic equity:
o Legal (get agreements in place)
o Residential/across the city
* Securable — parking lots are hard o Economically disadvantaged

. o Elderly
o Familiar

Attendees acknowledged that when National Guard or other emergency responders come in from
outside the region, they will select their own sites for distribution of supplies that won’t be
affected by local plans or points of distribution. So, any designated emergency sites may be
temporary. Those external emergency response agencies typically bring in bottled water that is
distributed along with food and other supplies.

Attendees also noted the need for flexibility — selecting high priority or preferred sites is helpful,
but don’t convey to the public that all of those specific sites will be active or exactly as assumed.

9.2.1.3 Water Distribution Sites Opportunities

The group was divided into three subgroups to identify sets of emergency sites. A summary of the
individual sites and notes provided by attendees on their rationale is provided in Table 9-1. Sites
are organized by area. The sites selected by the groups were very similar — most of the most
beneficial sites were identified by all three groups.
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Table 9-1 | Emergency Water Distribution Sites Identified by Emergency
Responders

Site Description Rationale

Angel Haven & Riverpark = Site could accommodate large group of people
= ki h I i ial
o Lam Research — Parking Lot arge parking area where many employees in commercia
© area may congregate
5 Hazelbrook MS = Close to residential population. Good staging area.
= Jurgens Park = Large open area for staging and close to residential area
Parking Lot — Former Haggen
g g8 = Centrally located
Grocery
Providence Bridgeport
5 e ogep * Location north of Tualatin River
S @ Immediate Care
= Parking Lot — 24 Hour Fitness = Location north of Tualatin River
z Bridgeport Elementary = Site could accommodate large group of people
9 Alfalati Park = |ots of available space. Close to denser, low-income housing
S Parking Lot — Legac . . N
§ Merildin Hospitgal Y = Likely site for general emergency response coordination
Living Savior Lutheran . : . .
Chureh = Good access. Parking lot. Close to residential populations.
" Tualatin HS or Edward = Proximity to residential population. May be able to use
g Byrom Elementary existing irrigation well.
: = Proximity to residential population. ASR well may be a source
S ASR Well Site y Pt v
o of water.
< A1 Reservoir = Likely stored water available.
Ibach Park = Close to large population center
Tualatin Elementary = Central location to large population center

9.2.1.4 Outcomes

A key outcome from the workshop is that the City of Tualatin Public Works Department cannot
select and drive specific water distribution sites in isolation of other emergency response efforts.
The Emergency Water Plan, with its information on where emergency water can most easily be
delivered within the City, should instead feed into ongoing efforts in Washington County to
identify community points of distribution.

Another second key outcome of the Emergency Responders Workshop was the recognition that
the majority of the emergency distribution sites selected by the group lay along a major backbone
pipe through the City’s water system. The focus then shifted from identifying specific water
distribution system sites to developing a plan to recover water system function along that
backbone, with the goal of restoring supply of continuously flowing, piped water to multiple sites
along that backbone.
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9.2.2 CERT Workshop

The project team presented the proposed Emergency Water Plan to CERT, including the core of
the water system recovery plan described in Section 9.3. In the presentation, the team shared
information on how Tualatin’s water system works and what can be expected from the water
system after a catastrophic event.

Goals of the meeting were for CERT to:
= Gain a better understanding of the water system
= Know what to expect from the water system after a catastrophic emergency
= Understand CERT roles in distributing water during an emergency

The City’s goal for the meeting was to receive feedback from CERT members on its plan to recover
water system function, including the water distribution site characteristics and support needed by
CERT to fill its role. In addition to providing feedback during the meeting, CERT members provided
written feedback on forms distributed at the event.

Overall, CERT members appreciated the planning effort and general approach, in the words of one
CERT member “It is flexible and seems to focus on what is doable as the main goal.” Other CERT
feedback included:

=  Emergency water should be available at locations familiar to City residents (e.g., schools)

= Distribution locations should be provided throughout the City (including east of the I-5
freeway)

= Any portable tanks should be designed to work with pick-up trucks, allowing community
members to transport water using their own vehicles

=  CERT members would like training and clear written instructions on emergency water
procedures (how to operate equipment and disinfect water, how much water to give per
person)

CERT feedback was incorporated into the water system recovery plan described in Section 9.3.

9.3 Water System Recovery Plan

This section summarizes the first two phases of a Water System Recovery Plan, identifying the
general approach, assumptions, and required improvements and supplies. The Water System
Recovery Plan includes the four phases shown in Table 9-2. This plan focuses on the first two stages
— additional detail for those two phases is provided in this chapter.

17-2000 Page 9-5 Water System Master Plan
March 2023 Emergency Water Plan City of Tualatin



Table 9-2 | Water System Recovery Plan Phases

Stage/Duration Goals

Stage 1 = Hold on to water stored in reservoirs

First few weeks = Allow volunteers to access the stored water and move it around the City

= Create a sustained, emergency level, water
distribution system

= Get running water to a series of emergency water distribution sites along
the City’s pipe backbone

= Connect the City’s well to that backbone system

Stage 3 = Connect our emergency backbone to the Portland supply or other

One to four months available working supply

= Recover full normal function of the water distribution system

= Restore water service to individual homes and businesses throughout the
City

Stage 2
First couple month

Stage 4
Several months to years

9.3.1 Stage 1

Stage 1 captures the first few days and weeks after a catastrophic event. It is assumed that the
water distribution system is non-operational, with multiple pipe breakages throughout the
distribution system. The general approach to this stage is:

= Seismic valves on the reservoirs capture the stored water and prevent it from leaking from
the distribution system.

=  Water system operators initially focus on repairing any damage to the tanks to prevent
losses of stored water. If some tanks are badly damaged, operators will need to assess
whether all reservoirs can be maintained.

= Emergency water is provided to the community via trucked water. Based on CERT
feedback, water will be transported using portable tanks designed to fit the beds of
standard-sized pick-up trucks. It is assumed water will be transported by CERT or other
community members in their own vehicles, using tanks provided by the City.

=  CERT and other community members will distribute water to community members from
the portable tanks. It is assumed a portion of immediate water needs will be filled through
community members using their own stored water.

9.3.1.1 Reservoir Storage Capacity

The City has six water storage reservoirs with a total water storage volume of 14.0 MG. Though
under normal conditions this storage would meet demands for only a couple days, they can
provide water at a subsistence level (two gallons per person per day). Calculations are shown in
Table 9-3 and show subsistence-level water needs can be met for the City’s population for
approximately 120 days, assuming reservoirs retain half their volume.
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Table 9-3 | Ability of Stored Water to Meet Subsistence-Level Water Needs

Item/Description Value

Total Stored Water Volume 7 0MG
Based on 50% of reservoir total volume '

Daily Subsistence Water Need

Based on two gallons per person and City population of 28,000 26,000 GAL
Days of Stored Water . . . 120 days
Stored water volume divided by daily subsistence water need

9.3.1.2 Required Improvements and Supplies
Improvements and supplies for this stage are listed in 