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Executive Summary

Introduction

The City of Redmond owns and operates the wastewater and water utilities serving the
city’s residents. This master plan report presents plans for improving and expanding the
water system and for the collection portion of the wastewater system. It recommends capital
improvements to guide expansion of these systems to meet the needs when urban growth
boundary (UGB) buildout occurs, which is expected in 2030. The plans also present
conceptual approaches for addressing the needs to the limits of the Urban Reserve Area
(URA).

The last master plan updates for these systems were completed in 2000. At that time, the city
served a population of 13,700 and anticipated a buildout UGB population of 36,000 in 2020.
As of July 2006, the city served a population of 23,500. The UGB buildout population was
revised in 2007 to 58,000 in 2030. The city added approximately 2300 acres to the UGB in
2006 and created the URA totaling 5,600 acres.

Wastewater Plan

The City of Redmond’s wastewater system includes both a collection system (that is, the
pipelines and pump stations located throughout the city) and treatment facilities (the water
pollution control facility — WPCF). This master plan addresses only the collection portion of
the City’s wastewater system. Planning for expanding and improving the WPCF was
completed in another project and is summarized in the WPCF Final Draft Facilities Plan
Update (November 2004).

Existing System

Redmond’s 2006 wastewater service area encompassed approximately 5,800 acres and
contained almost 800,000 feet of pipelines. The system included 13 sewer lift stations that
collect gravity flows from subdivisions or developments and discharge through force mains
into gravity sewer mains. The collection system conveys sanitary flows and, occasionally,
stormwater to the WPCF with very little rainfall-induced infiltration and inflow.

Wastewater Flows

The average daily wastewater flow for the period 2000-2006 was 80 gallons per capita per
day (gpcd). The 2006 winter time (non-irrigation season) flow was approximately 1.9 million
gallons per day (mgd). The estimated future average daily flow is approximately 6.9 mgd in
year 2030, and the year 2030 peak hour flow estimate is 9.4 mgd. These future system-wide
flows were calculated by the collection system computer model using projected land use
and population values. These flow values do not include stormwater flows that enter the
system periodically when the operators divert flow to the sanitary system as allowed by the
WPCF discharge permit.

CV0\072710002 ES-1



CITY OF REDMOND, OREGON: WASTEWATER (COLLECTION SYSTEM) AND WATER SYSTEM MASTER PLAN

Modeling Analysis

A hydraulic model of the sewer system was developed to analyze the collection system
during dry weather conditions. The model included pipelines 10 inches or greater in
diameter, except when smaller diameter pipelines were essential to complete connections
within the system.

A major city investment, the collection system computer model provides for a reliable and
comprehensive understanding of existing and projected requirements within the
wastewater service area. With this investment, the city now has a tool that calculates the
collection system infrastructure required to meet the planning criteria adopted by the city.
The model can be used on an ongoing basis to evaluate hydraulic impacts to the system
caused by proposed developments. It is anticipated that city planners, engineers, and
operations staff will all find value in the use of the model to evaluate proposed
improvements and problem areas.

The software package used for the model is commercially available and is commonly used
in the industry. The geographic information system (GIS) interface used with the model is
compatible with other mapping, CAD, and pipeline condition assessment software used by
the city.

The system modeling results showed that the city has no significant existing deficiencies, an
uncommon finding for planning efforts of this kind. Redmond benefits from its climate and
the integrity of the existing system--two factors that reduce infiltration and inflow. In
communities where wet weather causes substantial flow increases in the collection system,
capital improvement plans often include major capital expenditures for addressing
deficiencies and planning for growth. Additionally, conservative design criteria used for
planning and design of the existing system has proven to be good insurance that is now
paying dividends in the lack of required upgrades.

The future collection system model was sized using the historically observed wastewater
flow generation value of 80 gpcd, and was also run at a more conservative 120 gpcd as a
sensitivity analysis to evaluate performance. The future system was seen to operate without
overflows even under the more conservative 120 gpcd, which provides the city with
additional confidence that the proposed improvements will meet design criteria with a
reasonable factor of safety.

The design criteria used for evaluation of the existing and new system are summarized as
follows:

e Calibration data. Flow monitoring data collected by the city were used to calibrate the
existing conditions model, which was then modified for future conditions.

¢ Land use and associated hydraulic loading. Wastewater flow generation (gallons per
acre per day) was based on land use types.

¢ Population in service area. Portland State University population projections were used
for the service area.

e Hydraulic criteria (minimum pipe slopes; “full-flow” and velocity criteria). Minimum
pipe slopes per City of Redmond standards were used, with new minimum pipe slopes
developed for larger-diameter pipelines that were not covered by the standards (27-, 30-,
and 36-inch diameter sizes). All pipes were sized to convey the peak flow at 80 percent

ES-2 CV0\072710002



EXECUTIVE SUMMARY

full. In gravity sewers, the minimum slope and pipe diameter were selected to maintain
2 feet per second under full flow conditions. Force mains were sized for minimum
velocity of 3 feet per second under peak design flows.

e Pump station design criteria. The city’s pump station design criteria were modified
during the course of this planning project. The new criteria adopted during this plan are
the use of wet wells with a 60-minute storage volume under peak flow conditions. The
60-minute duration allows time for crews to respond to equipment failures.

Alternative Analysis

The topography of the Redmond wastewater service area is suitable for gravity sewer
service using interceptors that cover the entire UGB and URA. It is expected that some
existing local and regional pump stations will be required to continue discharge into some
of these interceptors, but several pump stations can be removed from service after the
interceptors are constructed. The approach for planning major conveyance facilities in this
master plan was to rely on gravity interceptors in lieu of large pump stations with shallow
force mains. This approach is the city’s preference, has been used successfully to date, and
was favorable in the present worth analyses.

In one area of the far west interceptor (near W Antler Avenue and NW Maple Avenue), a
cost-benefit analysis was performed to compare a relatively deep gravity interceptor with a
lift station and shallow force main. The intent of such an analysis was to determine if the
lower capital cost and higher operating costs of the pump station (and shallow force main)
offset the higher capital cost of a deep gravity interceptor. Using the methods described in
the master plan, the gravity interceptor option at this deep excavation location pays off in a
reasonable timeline and is the recommended approach.

For all other conveyance alternatives, the main alternative analysis was in the optimization
of the vertical and horizontal alignment to provide the required service with the least
excavation required. City engineering staff provided significant input and helped to provide
the final alignment with their knowledge of the local topography and land use.

Recommended Improvements

To allow for growth and increased flows in the collection system, four interceptor projects
were recommended as a result of the hydraulic modeling and planning assumptions made
during this course of work. Layout of the interceptors was based on existing available
mapping, and refinement of the alignments was performed through iterations with city
engineering staff. These four recommended projects consist of the following:

e Westside interceptor (partially constructed as of 2007)
o Eastside interceptor (partially constructed as of 2007)
e Far west interceptor

e Far east interceptor

Capital Improvements Plan

A capital improvements plan (CIP) was prepared identifying these interceptor projects and
several other smaller projects to meet the required wastewater collection system needs.
These projects are broken down into discrete segments and costs prepared based on

CV0\072710002 ES-3



CITY OF REDMOND, OREGON: WASTEWATER (COLLECTION SYSTEM) AND WATER SYSTEM MASTER PLAN

installed depth, blasting requirements, pipe size, surface restoration, and other factors
described in the costing methodology section of this master plan.

The priority for implementation of these recommended improvements is noted for each
segment in Appendix C. Nearly all recommended projects are growth-driven, so city
planners and engineers will need to regularly evaluate sewer service requirements for
proposed development. Use of the sewer model on an ongoing basis will be useful in
evaluating alternatives and assessing the existing system. A number of projects are required
to meet buildout condition flows. No immediate or 5-year deficiencies are identified in the
model, although it is recognized that the model does not include many small local sewers
that might have capacity issues. For these local sewers, it is recommended that collections
staff monitor and identify potential capacity issues through the ongoing inspection program
and community reports.

The eastern URA is outside the UGB, but planning was performed to develop concepts for
how this area may be provided with sewer service. The far east interceptor will be the
primary means of providing sewer service to the eastern URA.

The majority of the west side URA is included in the 2006 UGB expansion. A northwest
portion of the URA will require pumping to the far west interceptor.

The costing approach for wastewater projects is intended to provide overall project costs
(including engineering, construction, and city administration) and is based on a rigorous
costing methodology developed and validated by the City of Portland Bureau of
Environmental Services. The worksheet tool prepared for this master plan can be updated
by city staff to reflect the impact of updated construction cost indices, current bid climate,
and recently observed bid values. The costs developed in this report are based on an
Engineering News-Record Seattle Construction Cost Index for January 2007 of 8626.

TV Inspection Program

Television inspection of the entire collection system is recommended to monitor condition
and to guide operations and maintenance (O&M) activities and future planning evaluations.
Development of a recurring TV inspection program, coupled with the city’s new Granite XP
asset management software, will allow more effective deployment of O&M resources and is
expected to improve service.

City Flow Monitoring Plan

A city-wide flow monitoring plan is recommended to identify the most beneficial locations
for deployment of continuous flow monitoring devices. The city’s current practice of
maintaining and collecting the flow monitor data has been generally acceptable for the
modeling effort conducted for this master plan, but additional rigor could be added to the
flow monitoring process. A rain gauge with recording capability is recommended to be
located at City Hall and at the WPCF.

Water Plan

The city’s water system is classified as a public, community system, and is subject to
regulation under the federal Safe Drinking Water Act Amendments and Oregon’s rules for
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EXECUTIVE SUMMARY

public water systems. It has been assigned the state and federal Public Water System
Identification No. 4100693.

Water Use

After remaining nearly unchanged from the late 1970s through 1993, water use in Redmond
began to increase rapidly in the mid-1990s, corresponding to a period of rapid population
growth. Exhibit ES-1 illustrates the significant growth in both population and water use
since that time. As of 2007, the annual average demand was slightly less than 5 mgd. The
highest single day (maximum day demand), which occurred during the summer irrigation
season, was approximately 11 mgd for 2007.

On a per capita basis, the average use was approximately 240 gpcd. During the peak
summertime period, the per capita use was 550 gpcd. These per capita values represent the
total system demand, whether for residential, commercial, industrial, or governmental use,
divided by the service population.

EXHIBIT ES-1
Average Day Demand Records for 1977-2005
Redmond Wastewater (Collection System) and Water System Master Plan
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The water demands in Redmond are expected to nearly triple from 2005 to 2030. The
average day demand (ADD) is projected to increase from 5.0 mgd in 2005 to 14 mgd in 2030.
The maximum day demand (MDD) is projected to increase from 11.6 mgd in 2005 to 32 mgd
in 2030. Exhibit ES-2 illustrates the average and maximum day projections to 2030.
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CITY OF REDMOND, OREGON: WASTEWATER (COLLECTION SYSTEM) AND WATER SYSTEM MASTER PLAN

EXHIBIT ES-2
Redmond Demand Projections
Redmond Wastewater (Collection System) and Water System Master Plan
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Regulatory Review

Community water systems are governed by rules developed by the U.S. Environmental
Protection Agency (EPA) for implementation of the Safe Drinking Water Act Amendments.
Oregon, as a primacy state, is required to implement water quality regulations at least as
stringent as EPA’s rules. For the most part, Oregon has adopted identical regulations to
those at the federal level. Additional Oregon rules are highlighted in the regulatory section
of this report.

Redmond’s water system complies with all state and federal rules. The federal government
recently adopted the Groundwater Rule. The requirements of this rule become fully
effective by 2014. It is possible, but unlikely, that this rule would force the city to add
treatment for the wells.

Water Supply Status and Protection

Before 1988, the City of Redmond obtained drinking water from a combination of surface
water and groundwater sources. In 1988, the city converted its system to obtain 100 percent
of its drinking water supply from groundwater wells completed hundreds of feet deep.

The city’s groundwater supply is composed of six production wells, with a seventh to begin
operation in 2008. The wells range in depth from 330 to 860 feet below ground surface in a
highly permeable volcanic and sedimentary sequence known as the Deschutes Formation.

ES-6 CV0\072710002



EXECUTIVE SUMMARY

The surface facilities at each well location consist of a pump house that encloses the
automated controls, mechanical systems, and chlorination systems. The chlorination
systems are housed in separate rooms containing 150-pound gas cylinders. In normal
operations, wells are cycled on and off to meet system demands.

The existing wells provide an excellent long-term public water supply. The aquifer that
provides groundwater to the city’s wells is large in areal extent and is highly permeable.
Annual recharge to the aquifer is high and measurements of long-term water level trends
show no apparent declines in groundwater levels that would suggest water is being over-
appropriated. Additionally, the quality of water is excellent. However, the following
management actions are recommended to help protect both the quantity and quality of this
valuable water supply:

e Develop and implement a drinking water protection plan to reduce the potential for
contamination of the groundwater supply.

¢ Implement a water level monitoring program at non-pumping wells in the Redmond
vicinity to track long-term groundwater level trends.

Expansion of the City’s Water Supply

The city plans to add wells as needed to meet projected growing demands. This is
illustrated in Exhibit ES-3, which displays both firm and total well production capacity
compared to the projected MDD. Firm capacity represents the total capacity minus the
production from the largest well. It is recommended that the city use firm capacity as the
basis for planning new additions, as shown on this chart, because it is reasonable to expect
that one well may be off-line for extended periods for mechanical repairs or other reasons.

Water Rights

Under currently held municipal use groundwater permits and certificates, the city is
authorized to appropriate 12.8 mgd. A comparison of the capacity of Wells 1-7 (a total of
19.4 mgd and a firm capacity of 15.1 mgd) to the amount of water authorized under existing
municipal use groundwater rights (12.8 mgd) indicates that the city is limited by water
rights and not well production capacity. The city has taken steps to address this by
submitting new municipal use groundwater permit applications.

The city’s existing municipal use groundwater permits and certificates vary in priority date
from September 5, 1969, to November 25, 1991. None of these existing rights are subject to
the Oregon Water Resources Department’s (OWRD’s) mitigation requirements in the
Deschutes Basin. The most junior (that is, the newest) of these permits (permit G-12401,
priority date November 25, 1991) does contain a condition that may allow OWRD to
regulate the use in favor of the Deschutes River State Scenic Waterway flows. However, this
condition (which is in several permits in the basin) has not been implemented by OWRD to
date.

The greatest protection afforded by Oregon water law lies in obtaining water right
certificates, which lock in the city’s place in the water appropriation line and its privileges as
a municipal water provider. Therefore, all water right processes should be diligently tracked
and completed by the city to ensure the protection of its existing water rights.
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EXHIBIT ES-3
Well Capacity Chart
Redmond Wastewater (Collection System) and Water System Master Plan
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The city’s 2007 MDD is nearing its current groundwater water rights capacity of 12.8 mgd.
In anticipation of the need for additional water rights capacity, in January 1999 the city
submitted a new water rights application for the use of 25 cubic feet per second (cfs)

(16.2 mgd). Given the stable and sustainable aquifer in the Redmond area, developing
additional wells to maximize the use proposed under G-14908 should be feasible.
Application G-14908 is currently under review by OWRD, with permit issuance to likely
occur in 2008. When approved, Application G-14908, in combination with the city’s existing
permits and certificates, will provide the city with 29 mgd of water rights capacity, sufficient
to meet projected MDD beyond the year 2030.

Application G-14908 is subject to OWRD's Deschutes Basin Groundwater Mitigation rules,
which means that prior to permit issuance the city will need to provide mitigation to offset
potential groundwater pumping impacts on the Lower Deschutes River. The city’s proposed
mitigation will come from a combination of city-held surface water irrigation rights and
surface water irrigation rights acquired through the Central Oregon Water Bank, a
partnership between Swalley Irrigation District, Central Oregon Irrigation District, the
Deschutes River Conservancy, and several mitigation buyers including the City of
Redmond. The water system CIP, included in the appendices to this report, includes an
estimated cost for mitigation.
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EXECUTIVE SUMMARY

Storage

The current storage facilities are adequate to provide peaking, fire, and emergency storage
to customers, with a slight surplus. Based on the design criteria that the city has adopted,
the projected storage deficit at 2030 will be 11.8 million gallons (MG). At least three future
reservoirs are currently being planned within the system between now and 2030 to meet this
deficit.

Distribution System Analysis

The city’s water distribution system was evaluated under existing and future conditions
using a hydraulic modeling software package. A hydraulic model is an electronic
representation of the pipes and facilities included in a distribution system. The model is
used to predict flows and friction losses in pipes, along with pressures and hydraulic grades
at different points in the system.

Pipelines

As has been shown by the existing and future hydraulic analyses, the city has few overall
deficiencies in terms of low pressures or high velocities. A number of localized fire flow
deficiencies were noted and will be addressed; however, these deficiencies are primarily
caused by older undersized pipelines that were installed when fire flow requirements were
lower.

One of the city’s goals is to ensure that adequate redundancy and transmission capacity
exists in the system so that if a single large pipeline or well is out of service, water can still
be supplied to all customers without any significant difference in pressure or quality. To
meet this goal, a number of pipeline enhancements were identified to establish a minimum
12-inch-diameter pipeline grid that connects all sources of supply and runs from east to
west and north to south. This pipeline grid, along with a dispersed network of wells, will
create a significant level of redundancy and flexibility for future growth, regardless of
where it occurs.

Water System Capital Improvements Plan

The master plan report presents a detailed projects list update for Redmond’s water system.
The total cost for all projects identified for the 2007-2015 period is $21.5 million. The highest
cost projects consist of the following:

Several sections of 12-inch transmission mains

Replacement of old and undersized pipe in the downtown area

Completion of the Well 7 pump station

Addition of Wells 8 and 9 as demands grow

Addition of a storage tank located by Well 7

Purchase of mitigation credits to allow use of the city’s new water rights permit.

CV0\072710002 ES-9



SECTION 1

Introduction

1.1 Purpose

This report documents the master plans that the City of Redmond developed for its
wastewater collection system and water system. The city evaluated these systems to address
any current deficiencies and to plan improvements needed to protect public health and the
environment, address regulatory requirements, and prepare for future growth expected in
the area. The planning horizon for this report is the buildout of the urban growth boundary
(UGB), which is expected to occur by approximately 2030.

The last master plan updates for these systems were completed in 2000. At that time, the city
served a population of 13,700. As of July 2006, the city’s population had reached 23,500.

The City of Redmond’s wastewater system includes both a collection system (that is, the
pipelines and pump stations located throughout the city), and treatment facilities (the water
pollution control facility — WPCF). This master plan addresses only the collection portion of
the City’s wastewater system. Planning for expanding and improving the WPCF was
completed in another project and is summarized in the WPCF Final Draft Facilities Plan
Update (November 2004).

1.2 Study Area

The study area includes existing wastewater and water systems within the city limits
(current service area), future expansion of the systems to the UGB along the west and north
sides of the city, and future expansion of the system into the urban reserve area (URA)
northeast of the city. These areas are shown in Exhibits 1-1a and 1-1b (located at the end of
the section, as are all map exhibits).

1.3 Acknowledgements

The following were key individuals in this master planning effort:

City of Redmond

Mike Caccavano, P.E., City Engineer (Project Manager for Master Plans)
Chris Doty, P.E., Public Works Director

Shannon Taylor, Wastewater Divisions Operations Manager

Pat Dorning, Water Division Supervisor

CH2M HILL Team

Paul Berg, P.E., Project Manager and Water Plan Lead
Brady Fuller, P.E., Wastewater Plan Lead
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David Crawford, P.E., Crawford Engineering Associates, Wastewater Modeling Lead
Mark Anderson, P.E., Wastewater Plan Engineer

David Stangel, P.E., Water Modeling Lead

David Livesay, R.G., GSI Water Solutions, Inc., Hydrogeologist
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SECTION 2

Population Growth Planning

2.1 Service Population

The city’s water and wastewater systems serve nearly every building and resident within
the city limits and very few facilities located outside of the city limits. The number of
potential customers located within the city limits and not served by these utilities is
estimated to be less than one hundred. Similarly, the number of customers located outside
of the city limits is estimated to be less than one hundred. Therefore, it is reasonable to set
the water and wastewater service populations equal to the city population.

The city population was obtained from the Portland State University Population Research
Center web page. The value for July 1, 2006, was 23,500. The city’s population growth rate
averaged 7.3 percent for 1995-2005, 9.9 percent for 2004 and 2005, and nearly 12 percent for
2006.

The population estimates used in the wastewater and water system evaluations vary
because the methodologies employed reflect the differences between the delivery systems.
Wastewater systems are designed based on generation, whereas water system sizing is
driven by demand. The methodologies used maintain the conservative nature of the
analysis to ensure the consequent improvement plans were developed to provide sufficient
capacity to meet community growth requirements.

2.2 Land Use Trends and Projections

The City of Redmond commercial district extends along U.S. Highway 97. The areas west of
this are primarily residential. The areas east include most of the city’s industrial zoning. The
Redmond Municipal Airport is located to the southeast. The northern portion of the city is
divided by Dry Canyon, the length of which lies in a north-south direction. The downtown
area is located in the middle of the urban area between Dry Canyon and the railroad.

Existing zoning patterns for the study area are shown in Exhibit 2-1, which is based on the
city’s current comprehensive plan. Zoning is expected to stay the same into the future. The
zoning category for the area colored brown on the map at the north end of the city in
Exhibit 2-1 is yet to be decided. Current development of parcels within the city limits was
determined by referring to the city tax lot database. Tax lots with improvements valued
more than $500 were considered to be occupied and in use. Those lots valued at $500 or less
were considered vacant. (The tax lot improvement values are mapped in Figure 6 of
Appendix A.) When planning for future conditions for the wastewater system, it was
assumed the vacant lots will be developed (excepting open spaces and parks).

CV0\072710002 21
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2.3 Water Use Projection Methodology and Criteria

The per capita approach was used for projecting demands within Redmond’s water system.
Recent per capita average day demand (ADD) and maximum day demand (MDD) values
(ADD: 240 gallons per capita per day [gpcd]; MDD: 550 gpcd) were applied to population
projections for Redmond to estimate future demands. The rate of population growth was
obtained from a recent city planning study.

The June 2004 EcoNW study for Redmond (“Findings in Support of Population Forecast”)
estimated annual city population growth rates of 3.97 percent for 2005 through 2025 and
then 2.20 percent for 2026 through 2055. However, the city revised the buildout UGB
population and time period to buildout following the expansion of the UGB that was
formalized in 2007. Based on the density of the newly expanded UGB, the city now
estimates a UGB buildout population of 58,000 and that this will be reached in 2030. A
population of 58,000 in year 2030 was used as the basis for this master plan.

An additional assumption for the water demand projections was that the ratio of residential
to commercial/industrial water use will remain constant throughout the planning period.
Said differently, it was assumed that the recent per capita values will remain constant
through the planning period. These per capita values compare all water used in the system,
whether for residential, commercial, or industrial use, to the population. If the mix of
residential to commercial/industrial water use changes, this will result in inaccurate water
demand projections.

The estimated population growth rate is one of the most critical factors for projecting future
water demands. The city should regularly check the actual rate of growth compared to the
projected rate of growth. The city should also track per capita demands to determine if the
above assumptions remain valid. If the ratio of commercial/industrial-water-use to
residential-water-use changes, this will result in changes in per capita use. It could either
increase or decrease per capita use, and such customer changes could also impact average
per capita use differently than maximum day per capita use. The other major factor is the
role of conservation. The city will develop a Water Management and Conservation Plan in
the coming years. The city may achieve both supply-side and demand-side savings,
resulting in declines in per capita use.

The criteria used for developing water use projections for Redmond are summarized in
Exhibit 2-2.

2.2 CV0\072710002



POPULATION GROWTH PLANNING

EXHIBIT 2-2
Water Demand Projection Criteria

Redmond Wastewater (Collection System) and Water System Master Plan

Item Value Units Source/Reasoning

Base year 2005 Last complete year of records for the city at time the study
was being prepared

Base year (2005) ADD 5.0424 mgd  Based on average day demand trendline for 1997-2005

Base year (2005) MDD 11.555 mgd  Based on maximum day demand trendline for 1997-2005

5

Per capita ADD 240 gpcd  Rounded value based on 2003-2005

Per capita MDD 550 gpcd  Rounded value based on 2003-2005

Unaccounted-for water rate 12 % Average for June 3-May 6. City may be able to reduce this
value in future. However, reasons for unaccounted-for
water are uncertain and, therefore, the magnitude of
potential reduction is unknown

Base year (2005) population 21,010 From PSU Population Research Center and city records

Buildout UGB population 58,000 Estimated by city based on UGB expansion that was
completed in 2007. City set period for this master plan as
buildout of UGB.

Date that buildout population 2030 Estimated by city

is reached

mgd = million gallons per day; gpcd = gallons per capita per day

CV0\072710002
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SECTION 3

Wastewater System Plan

3.1 Existing Collection System Description

The City of Redmond operates a separated sanitary sewer system that conveys wastewater
from the different sectors of the city to the Redmond Water Pollution Control Facility
(WPCF) at the north end of the service area. The separated system designation means that
sanitary and stormwater flows are not purposely combined in the same sewer pipe.

As shown in Exhibit 3-1, the existing City of Redmond wastewater service area is bounded
by the Urban Growth Boundary (UGB) on all sides, with the City Limits boundary aligning
with the UGB generally on the south and east. The 2006 service area encompasses
approximately 5,800 acres. Approximately 7,800 customer accounts are served within this
service area (based on water meters in service).

As of 2006, the city operated 13 pump stations that collect sewage from subdivisions or
developments and discharge through force mains into gravity sewer mains. Information
about the pump stations is provided in Exhibit 3-2. The existing sewer system pipelines are
inventoried in Exhibit 3-3.

The city does not have an extensive stormwater collection system. Instead, underground
injection controls (dry wells), and valved interconnections between the storm and sanitary
system are used throughout the city. Therefore, during significant storm events, which are
infrequent, the operators relieve street flooding by opening valves to divert stormwater to
gravity sanitary sewer pipelines as is specifically allowed in the city’s discharge permit for
the Redmond WPCF. The operators remove additional stormwater in some areas by using
the city’s vacuum trucks to collect the stormwater and transport it to the WPCF or gravity
sewer pipelines. The combined storm/sanitary flows that reach the sewer pipelines are
conveyed to the Redmond WPCEF for treatment.

3.2 System Analysis

An XP-SWMM (Version 10.5) model of the Redmond wastewater collection system was
developed to evaluate potential capacity deficiencies for existing and future conditions.
Model development and modeling results are described below. Additional information
about the methodology is described in the City of Redmond Sanitary Sewer Model
Overview and Review Technical Memorandum (Crawford Engineering Associates, June 13,
2007) provided in Appendix A.

3.2.1 Model Development

Development of the sewer model entailed defining and mapping the collection system,
estimating existing and future sewage flows, and calibrating the model to best represent the
collection system for hydraulic analysis.
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Definition of the collection system was based primarily on existing City of Redmond
geographic information system (GIS) data about manholes, pipelines, pump stations, and
tax lots. The model was constructed to include pipelines 10 inches or greater in diameter,
except when smaller diameter pipelines were essential to the connectivity of the system.
Also, some 10-inch or greater pipelines were not included as individual elements of the
model because their flows were aggregated to a single subbasin flow input, as in a small
subdivision.

Collection system data were reviewed, and some apparent data conflicts were resolved by
city staff by researching as-built and other information. Some collection system
infrastructure data remained missing because of incomplete as-built records but this did not
prevent adequate modeling of the system.

The “existing condition” model was adapted to include interceptors, pump stations, other
collection system infrastructure improvements already underway in fall 2006. The following
information was included so that the ‘existing condition” model generally represented the
condition of the collection system as of January 2007:

e Collection system data were current as of August 2006. This data set included as-built
drawings for recently completed projects plus GIS data available as of August 2006.

¢ Model included collection system infrastructure if plans had been approved for
construction

e Westside interceptor was included (from SW Timber Avenue to the north through town
to the connection with main plant interceptor)

e  Summit Crest “Line D” from Obsidian Road to Summit Crest was included

e “Line D” was included, from SW Wickiup Avenue and Helmhotz Way north to the
connection with the Westside Interceptor.

e Four pump stations were included (Sterling, Antler, Yew, and Nolan)

To develop existing sewage flow estimates, the service area (within the city limits) was
subdivided into 103 subbasins ranging in size from 5 to 650 acres with an average subbasin
size of approximately 66 acres. To develop future sewage flow estimates, the service area
was extended to include areas outside the city limits and subdivided into 119 subbasins

(103 subbasins within the existing service area and 16 new subbasins to extend service to the
URA boundary) ranging in size from 5 to 728 acres with an average basin size of about

86 acres. The subbasins were defined taking into account land use types (such as open
spaces), vacant land, and population density.

Subbasin characteristics were developed from the following types of data:

e Land use. Obtained from the city of Redmond tax lot database in August 2005 and
through discussions with city staff. This data is understood to be current as of July 2005.

e Water use. Obtained from city water meter billing data. Winter (December 2005 through
February 2006) data were used to limit irrigation use from the accounting. Large water
users were identified as potential sewer flow point sources.

3-2 CV0\072710002
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e Population data. Obtained from 2000 U.S. Census Bureau data tables and maps of census
blocks plus Portland State University population projections. For purposes of this study
the planning horizon is 2030 for a population of 58,000 within the UGB and a baseline
population 23,500 in 2006.

3.2.1.1 Rainfall Derived Infiltration and Inflow

Redmond WPCEF influent flow data from January 2000 to September 2006 were reviewed for
indications of rainfall-derived infiltration and inflow (RDII). Annual precipitation in the
area is about 8.8 inches. The nearest source of available rainfall data is the Roberts Field-
Redmond Municipal Airport (RDM), which is located 2 miles southeast of downtown
Redmond. The Redmond WPCF (located about 2.2 miles northeast of downtown Redmond)
influent flow data records showed no discernible rainfall response except for an exceptional
event in June 2006. (Refer to City of Redmond Sanitary Sewer Model Overview and Review
provided in Appendix A for more information about the exceptional event.) On the basis of
this review and consultation with City staff, it was determined that RDII was not a
significant issue and that use of a design storm in the sewer modeling was unnecessary.

3.2.1.2 Existing Flows

Existing subbasin average day flows were estimated based on land use category and water
use rates. To do this, water meter records were used to determine average water use by land
use category (per capita per day for residential categories and per acre per day for all other
categories). Winter water meter records were used to eliminate irrigation water use, which
would not be returned in the sanitary sewer system. This method used water meter records
from December 2005 to February 2006, which were aligned with tax lot addresses. Based on
water use by land use category, the average system-wide flow was determined to be
approximately 1.98 mgd. This is consistent with the recorded average winter Redmond
WPCEF influent flow of about 1.9 mgd.

3.2.1.3 Future Flows

Future subbasin sewer flows were estimated using City of Redmond Planning Department
maps that show the projected number of units (dwelling units) per acre for land use types
within undeveloped areas of the urban growth boundary. Each unit is assumed to represent
2.6 persons (based on 2000 U.S. Census Bureau data for number of people and number of
households for Redmond). The future average per capita flow was assumed to be 80 gallons
per day. This was calculated by dividing the existing Redmond WPCF average winter
influent flow of approximately 2 mgd by a population of 25,000 (based on current City of
Redmond estimated population for 2006 and confirmed as a reasonable estimate in
consultation with city staff). Following this approach, the estimated future system-wide
average daily flow is 6.9 mgd in 2030. The corresponding peak hour flow estimate for 2030
is 9.4 mgd.

These estimates for future flows do not include stormwater flows that enter the system
periodically when operators divert stormwater to the sanitary system as permitted by
Oregon DEQ. Consequently, they are lower than the estimates provided in the city’s
November 2004 WPCF Final Draft Facilities Plan Update. The estimates in this previous plan
included stormwater diverted to the sanitary sewer. It was considered more appropriate to
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plan system improvements without these interconnections since the city plans to abandon
them.

The total flow at the plant for the UGB plus URA areas is estimated as follows: (note that the
projected population for future flows, including the URA of 2,260 acres, is 78,000.)

e average daily = 9.5 mgd
e peak hour =12.6 mgd
¢ minimum hour = 4.0 mgd

The 80 gallons per day per capita (gpcd) is a reasonable per capita wastewater generation
value when compared to other cities and literature values if seasonal groundwater and
rainfall derived inflow and infiltration is omitted. However, the proposed improvements
were modeled with flows representing 120 gpcd as a check. It was found that the 120 gpcd
flows can be conveyed throughout the system except for a minor capacity constraint in the
local system just to the southeast of Antler Lift Station. No significant capacity problems
were indicated with using the 120 gpcd rate. It was concluded that the higher rate of

120 gpcd may be prudent to use for local system designs but not for system-wide
evaluations or major trunk sewers.

The peak flow recorded in 2006 was 9.6 mgd during a storm event on June 13, 2006. This
event started at about 1:45 p.m. with flows climbing to the peak at about 3:50 p.m. and
returning to normal (about 2 mgd) at 11:30 p.m. (The elevated flows are associated with
direct connections between the stormwater system and the sanitary system. These direct
connections come from catch basins that are valved into the sanitary sewer and opened by
city operators when required to alleviate surface flooding associated with intense
precipitation events. It is understood that these connections will be limited or removed in
the future.) Recently (August 30, 2007), a peak flow of over 8 mgd was recorded at the
WPCEF as a result of an intense thunderstorm. The storm cross-connections were left open
during the summer and because of staff attention being diverted to the power outages at lift
stations, the cross connection valves were not closed.

Future land use conditions for areas within the current sewer service boundaries were
estimated by assuming the same population densities and sewer flow rates as for developed
lots within a sewer basin. Lots assumed to be undeveloped were identified from property
tax rolls with undeveloped lots having a property improvement value of less than $500. The
current tax lot improvement values were obtained from the city tax lot database.

The designation of flows per equivalent dwelling unit can be calculated as follows. From
census data each dwelling unit has 2.6 persons. At 80 gpcd, this is 2.6 x 80 = 208 gallons per
day per EDU. Depending on zoning the gallons per acre may be determined. The residential
zoning allows for 5.6 residences per acre so the flow generation would be 208 x 5.6 =

1,165 gallons per day per acre. Commercial flow generation ranges from 850 gallons per acre
per day (gpad) to 1650 gpad, based on water meter data. The city’s land use descriptions do
not identify “industrial” uses but the “mixed use” zone flow generation is 350 gpad.

3.2.1.4 Model Calibration

City staff performed flow monitoring at selected sites to obtain data to characterize flows
from subbasins with different land use types. Also, the temporary monitoring was
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performed to compare results for older neighborhoods with newer, growing
neighborhoods.

Monitoring equipment included city-owned and city-maintained ISCO Model 2150 units.
These are considered as state of the art units that are capable of providing reliable data.

As monitoring data became available during the winter of 2006-2007, it was possible to
compare flows from basin types and flows predicted by the estimation method for sewer
basins and used in the hydraulic model. The monitored data and modeled flows simulated
matches within reasonable expectations at most sites.

However, smaller basin comparisons showed a possible need to use multiple diurnal curves
in the model or unique patterns for specific industrial users. To address this, sewer
downstream of the two largest users (PCC Schlosser and Eberhard Creamery) were
monitored to determine local conditions. These diurnal patterns were subsequently
incorporated into the model. At other locations, the differences between the model and
monitoring flows were not found to be significant enough to warrant adding this
complexity to the model at this time. However, for modeling site specific developments, it is
recommended that the nature of the development be forecasted and estimates of the diurnal
pattern be determined, particularly the maximum flow expected during the day.

3.2.2 Modeling Results

Peak flows were used to evaluate the collection system. The model modulated the average
flow of each basin by the system’s diurnal pattern.

The capacity criteria used to identify potential system deficiencies were as follows:

e Manhole freeboard. Freeboard is the difference between the modeled maximum water
surface elevation at the manhole and the manhole rim elevation. If freeboard is < 8 feet,
this indicates potential sewer surcharging. If it is < 2 feet, this indicates a high risk of
flooding.

e Qratio > 1.2. The Qratio criterion is a comparison of modeled peak flows with sewer full
pipe flow capacity. The design flow of a pipe segment is defined by the full pipe flow as
calculated using Manning’s equation. Maximum flow for circular pipes occurs at
94 percent full and is a little less than 1.1 times full pipe flow. Therefore, if a Qratio is
greater than 1.2, it indicates that the pipe is at risk and in most cases is surcharged.
Different Qratio-value ranges were used as indications about ranges of pipe capacity
from no additional capacity to excess capacity. Excess capacity is available capacity. Ratios of
approximately 1.2 indicate no additional capacity is available. Ratios in the range of
0.8 to 1.2 indicate an evaluation should be performed to see if additional capacity is
needed given land use and development in the basin. Ratios less than 0.5 indicate
significant excess capacity.

For existing conditions, the modeling showed that the collection system does not have any
significant capacity deficiencies once projects identified in the 2002 master plan are fully
implemented. For details refer to the City of Redmond Sanitary Sewer Model Overview and
Review provided in Appendix A.
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For future conditions, it was assumed that improvements recommended by the previous
master plan were implemented. As with existing conditions, the modeling demonstrated
that the collection system will provide sufficient capacity through year 2030 during peak
flow conditions (with assumption of 80 gpcd unit flow rates for new areas). Using the
higher unit flow of 120 gpcd, the unit flow rates in the area around Antler Pump Station
exceed the hydraulic design criteria for gravity sewers and may need further evaluation in
the future depending on the quantity of intercepted flows by the Eastside Interceptor and
how flows are routed from undeveloped areas in the far eastern portions of the system.

3.3 Design Criteria

System design criteria and standards were used in development of this master plan to
provide consistent, minimum level of service in the planned sewer system and to facilitate
planning, design, and construction of improvement projects. The Oregon Department of
Environmental Quality (DEQ) has minimum requirements and guidelines for the design
and review of sewer pipelines and raw sewage lift stations as described in Division 52 of the
Oregon Administrative Rules (OAR). City design parameters were obtained from the City's
Public Works Department Standards and Specifications, April 2003. Where state or city
guidelines did not exist, national standards, such as those published by the Hydraulic
Institute and other organizations, were followed.

3.3.1 Gravity Sewers

At a minimum, DEQ requires sewer pipelines to pass design peak flow, including
infiltration, and recommends pipes be sized for ultimate development of tributary areas.
DEQ guidelines state sewer design should be based upon initial and ultimate flows. In
planning exercises, flows should be broken down into domestic, industrial, and infiltration/
inflow fractions with a peaking factor applied to domestic and industrial fractions. The
city’s 1994 master plan used high per capita and peaking factors resulting in some pipes
with “extra” capacity that has become evident with actual system operation. For the
analyses performed as part of this master plan, the collection sewers were sized to flow

80 percent full for design peak flow using a peaking factor of 1.4. The 1.4 peaking factor was
calculated as the hourly moving average of the monitoring data Peaking factor is defined in
this case as the ratio of peak hour diurnal flow to average day diurnal flow. The 80 percent
full criterion represents a recommendation for “full flow” design criteria. The city may elect
to size pipes with full flow capacity greater than or less than 80 percent full to allow for
sediment and debris allowances, velocity requirements, sewer air movement in the pipe
headspace, or other reasons. The 80 percent design criterion is common in the industry and
provides a margin of safety in the constructed system.

Best practices for sewer design require sizing pipes with a minimum diameter of 8 inches
and a minimum cover of 30 inches. The city requires a minimum scouring and cleansing
velocity of 2 feet per second (fps). Exhibit 3-4 shows the minimum gradient for gravity
sewers ranging from 0.6 percent slope (slope of 0.6 feet vertical per 100 feet horizontal) for
6-inch pipe to 0.08 percent slope for 24-inch diameter pipe. These slopes are consistent with
industry practice for sewer design. All velocities exceed 2 fps when flowing full at these
minimum slopes. All velocities exceed 1.6 fps when the pipes are flowing at 25 percent of
full.
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3.3.2 Pump Stations

Pump stations are required to pass peak hourly flow including domestic and industrial
flow, and an allowance for infiltration and inflow. The city’s 2003 Standard Specifications
identify requirements for pump station design including;:

e Wet well operating capacity of 5 minutes multiplied by one pump flow rate.

e Emergency capacity in addition to the operating wet well capacity of at least 30 minutes
times the peak flow rate.

e Pump cycle time from “pump off” to “pump on” shall not be less than 10 minutes.

e Stations should be sized for immediate flow requirements with the ability to expand to
the ultimate requirement.

e Stations shall be sized to handle solids of up to 3-inch spheres. Station must pass the
peak hourly flow with the largest unit out of service (as required by OAR).

These wet well sizing requirements generally provide an acceptable basis of design, but wet
well designs in accordance with the Hydraulic Institute or standards and recommendations
in Pumping Station Design (Sanks, 2006) are recommended. Oregon DEQ does not have
standards for wet well sizing, but national and other regional standards dictate sewage
pump station wet wells should be designed to provide acceptable pump intake conditions,
adequate storage volume to prevent excessive frequency of motor starts when using
constant speed pumps for solids bearing liquids (Hydraulic Institute Pump Intake Design,
1998), and sufficient depth for pump control, while minimizing solids deposition
(Washington State Department of Ecology, Criteria for Sewage Works and Design, 1998,

p C2-4).

The city’s current 30-minute sewage wet well storage volume criteria allows some time for a
service crew to respond to pump station equipment failures before wastewater backs up
into the system. City operations staff indicated that a 60 minute storage volume would
allow adequate time for response as more pump stations are brought on-line in the system.
For this reason, a 60 minute storage time is recommended, though odor and corrosion
concerns should be evaluated by city staff on a case by case basis. A corrosion resistant
lining for the wet wells is recommended. If the 60-minute criteria results in a storage volume
within the operating range of the pump station (that is, between high and low level floats or
within the variable speed operating range), then the pump station will exceed the minimum
wet well volume that the Hydraulic Institute standards would allow and the longer
detention time leads to excessive odor generation and solids deposition in these wet wells. If
the 60-minute storage volume is located outside the operating range, then odor generation
and solids deposition can be addressed by following the guidelines of the Hydraulic
Institute on Pumping Station Design.

Regional pump stations should be provided with backup power source and sufficient
redundancy (pumps can pass design flow with largest unit out of service) to allow wet well
sizing to be optimized for pump station performance and cost-effective construction. The
city may choose to develop and adopt pump station design standards that allow staff to
evaluate capital and operation and maintenance costs and ultimate pump station
configuration on a case-by-case basis.
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The need for onsite standby power should also be reviewed depending on the maximum
expected period of annual power outage, facility size, available wet well and system storage
capacity, and proximity to sensitive areas. Power outages shall not result in raw sewage
discharges or bypass to waters of the state and facilities, or procedures must be in place to
prevent discharge or bypass, such as standby power, storage, or an auxiliary fuel fired

pump.

3.3.3 Force Mains

The minimum recommended force main size is 3 inches although it is acknowledged that
DEQ recommends at least 4 inches in diameter. The city may choose to require a minimum
4-inch diameter force main even in low flow conditions to facilitate cleaning and reduce
likelihood of plugging. Like gravity sewers, force mains should also be designed to provide
adequate cleansing velocities. Force mains as small as 3-inch diameter should only be
allowed where adequate scouring velocities correspond to a relatively low design flow rate.
The city standard is a minimum velocity of 3 fps, with the velocity never exceeding 8 fps.
Optimum velocities for reducing maintenance costs and preventing accumulation of debris
lie between 3.5 and 5 fps.

3.4 Evaluation of Alternatives

The expected primary growth areas to be served in the future are the eastern and western
URAs located outside the western and northeastern city limits, respectively. Very few future
capacity deficiencies in the existing system were identified in the model, thus the majority of
the collection system improvements are driven by growth outside the existing service area.
Areas outside the city limits cannot be served until the existing collection system is
expanded and new lines are installed. These include the Eastern URA east of NE 13th Street
and north of Antler, and the Western URA west of Northwest Way and North of NW
Hemlock Avenue, and west of SW 35th Street and north of Obsidian Avenue.

Four major future interceptors were laid out to serve future growth based on available
contour information and will flow by gravity from the south to the Redmond WPCF in the
north. The proposed interceptors allow sewer service to new and existing areas while
reducing the number of new lift stations and allowing elimination of some existing lift
stations. A far west pump station will be required to convey flows from the canyon east of
Helmholtz Way to the WPCEF. These alignments are preliminary and they will be refined
through additional survey and the predesign process.

Two of the four major interceptors had been identified in the previous master plan. They
will provide future capacity for growth within the city limits. These were partially
constructed as of August 2007. These and other interceptor lines are shown in Exhibit 3-5.
These two interceptors are described in the following paragraphs:

e Westside Interceptor: The Westside Interceptor will serve the western half of the city
and will flow from Yew and SW 27t Street, north along 27t Street to Elm Avenue. The
design for this interceptor was being completed as of August 2007.

e Eastside Interceptor: A portion of the Eastside Interceptor was completed in 2007. It will
follow the railroad right-of-way from the airport to the north. The Eastside Interceptor
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collects flows from a number of east-west sewers to prevent overloading the Dry
Canyon interceptor when the east side is fully developed.

The other two interceptors will provide future capacity for growth generally in the western
and eastern URA, as well as portions of the undeveloped lands within the UGB. These are
also shown in Exhibit 3-5.

e Far West Interceptor: The Far West Interceptor will provide service for development in
the Western URA, and 2006 UGB expansion and will run from the southern corner of the
URA north to Spruce Avenue and then east to the WPCF.

e Far East Interceptor: The Far East Interceptor is needed to serve future growth in the
Eastern URA.

Existing pump stations that can be eliminated by the addition of future gravity service
interceptors are, Hayden Ranch, Reindeer, Umatilla, Sterling Pointe, Future Greenwood,
Majestic, Lawson Crossing, and Waverly Pump Stations. These are located along the
Eastside Interceptor that runs coincident with the railroad right-of-way.

Proposed sewers were laid out such that depths are generally less than 20 feet below
existing grade. Areas of deeper cover exist along the proposed Far West Interceptor between
W Antler Avenue and NW Maple Avenue parallel to NW 35th Street. For this area, a cost-
benefit analysis of a 1.3 mgd pump station and force main was evaluated and compared to
the cost for a deeper, gravity line. See Appendix B for the detailed presentation of the cost-
benefit analysis for this improvement. Based on a comparison of life cycle costs, which
considered the higher operations and maintenance needs of the pump station, the gravity
option was the most cost effective alternative with payoff occurring in approximately

year 23. This payoff is not a near-term payoff and predesign activities for this interceptor
may refine project costs to such a level that the pump station alternative appears more
attractive from a present worth basis.

Future capacity deficiencies were identified in the existing system as those pipes with a
modeled Qratio of 1.0 or greater with future flows. These lines range in length from 8 to

430 feet and are generally located south of E Antler Avenue and east of the railroad, and just
south of the Redmond WPCF. These pipes will need to be replaced to serve future needs.

3.5 Sewer Collection and Conveyance Improvements

3.5.1 Recommended Projects List

This section summarizes the collection system improvements discussed in the previous
section and presents a recommended projects list for Redmond’s collection system. As noted
earlier, if growth occurs as projected, additional infrastructure capacity will be needed
beyond the city limits and in select areas within the existing system. As development occurs,
existing connections should be changed to the new interceptors.

It may be possible to take advantage of excess capacity in the existing system with interim
gravity pipelines or pump stations prior to construction of new pipelines and pump
stations. One example of a permanent gravity line would be in the south area (near South
Canal Boulevard and SW Badger Avenue,) which, instead of connecting to the Westside
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interceptor, would be served by Line D by extending a new gravity sewer. A 30-foot deep
excavation would be required to connect to the Westside Interceptor, but a more shallow
excavation could occur to connect to Line D.

Another interim improvement that could be considered is to pump flows from the area of
SW 39th Street and Obsidian and SW Helmholtz Way to the Westside Interceptor (or another
gravity line on NW 35th Street).

The recommended capital improvements inside the UGB are listed in Exhibit 3-6a.
Recommended capital improvements within the URA are listed in Exhibit 3-6b. These
exhibits are condensed versions of the exhibits shown in Appendix C which give detailed
project data for each pipe segment and facility recommended.

The recommended capital improvements were ranked by priority. The first priority is to
address existing capacity deficiencies; second is to address capacity deficiencies anticipated
within 5 years. The third priority is to address capacity deficiencies at buildout conditions;
fourth is to address improvements and expansion driven by growth. As shown in Appendix
C, Exhibit 1 and 2, none of the improvements were ranked first or second priority, and only
about a dozen were ranked third priority. The majority of the projects are fourth priority.

The major new interceptors are proposed to be constructed in four phases corresponding
with expected development. These include the Far West Interceptor, Westside Interceptor,
Far East Interceptor, and Eastside Interceptor. Phasing follows construction from
downstream to upstream reaches. Phase 1 includes the first quarter of the Far West
Interceptor from Maple Avenue to the WPCF, the Westside Interceptor, and the East
Interceptor from the existing Hayden Ranch Pump Station to King Way and NE 5th Street.
Phase 2 involves extension of the Far West Interceptor from Maple Avenue to just north of
Highland Avenue and the Eastside Interceptor from Hayden Ranch Pump Station to
Hemlock Avenue. Following this, the remainder of the Eastside Interceptor and the Far East
Interceptor will be constructed in Phase 3 to serve growth in the eastern portion of the city
and Eastern URA. The Far West Interceptor will also be extended from Highland Avenue to
Wickiup Avenue in Phase 3. Phase 4 incorporates capacity for buildout conditions and
ultimate development. This phase extends the Far West Interceptor to serve the
southwestern corner of the URA from SW Wickiup Avenue to the UGB.

Appendix C presents a detailed capital improvements plan, including phasing of the
interceptors. Appendix D provides profiles for the Far West and Far East Interceptors.

The phasing for projects was estimated based on the anticipated sequence of development.
The implementation schedule for the projects will be adjusted to match the actual sequence
of development that occurs. New sewers should be in place when existing lines reach
surcharging conditions under peak flows. The anticipated sequence is that development will
trigger system improvements within the city limits first and then the northern regions of the
URA. If growth occurs differently, the phasing plan and connections to the existing
collection system should be revisited.

An understanding of existing system conditions is necessary to plan for and design future
improvements. Television inspection of the whole system is recommended with a priority
for pipes identified with low velocities and a history of sedimentation and debris. Low pipe
velocity can lead to sediment deposition problems in the pipe and increased maintenance
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costs. Development of a recurring TV inspection program, coupled with the city’s new
Granite XP asset management software, will allow more effective deployment of operation
and maintenance resources and is expected to improve service.

A city-wide flow monitoring plan is recommended so as to identify the most beneficial
locations for deployment of continuous flow monitoring devices. Continuous flow
monitoring data will guide maintenance activities and will help refine planning for
increasing the system capacity. It is understood that the city rotates monitors on a few major
trunk sewers. The city’s practice of maintaining and collecting the flow monitor data has
been generally acceptable for the modeling effort that was conducted for this master plan,
but additional rigor could be added to the flow monitoring process. One approach would be
to engage a flow monitoring contractor to plan, establish, and document a formal flow
monitoring program and establish standard operating procedures for regular calibration,
raw data review, equipment maintenance, data QA/QC and data validation, responses to
alarm conditions, and data warehousing. A rain gauge with recording capability is
recommended to be located at City Hall and at the WPCEF.

3.5.2 Cost Background

A critical element of a planning project is to determine an appropriate cost estimating
methodology. It is the purpose of this cost estimating methodology to provide planning-
level cost estimates for the projects identified as capital improvements under this master
plan.

3.5.2.1 Introduction

In every planning project, it is necessary to estimate project construction costs, operations
and maintenance costs for proposed facilities, and allowances for engineering,
administrative costs, and contingencies. These initial estimates of project construction costs
are important since they are used for budgeting CIP projects for the future. At the
alternative analysis and planning stage, project-specific detailed engineering data are
limited to preliminary design criteria and layouts, so costing methods must be developed to
make use of this limited engineering data in best approximating project construction costs.
This section establishes the criteria that were used in completing alternative analyses and
preparing order-of-magnitude construction cost estimates at the alternative analysis and
planning stage.

A methodology developed by CH2M HILL for another collection system planning project in
Oregon has been modified for application to the City of Redmond because it presents a
framework for assigning and documenting costs at the master planning project stage.

3.5.2.2 Economic Evaluation

Limited alternative evaluations were performed during this master plan. For those
alternatives evaluated, a present-worth cost was developed for each alternative. Factors that
affect present worth include initial costs, replacement costs, salvage value, and annual costs.
The present worth of an alternative is the dollar value that, if invested now at given interest
(discount) rate, would provide exactly the funds required to pay all present and future
costs. Present-worth calculations were based on a discount rate of 2.5 percent and an
economic life as outlined in Exhibit 3-7.
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This discount rate is the difference between City of Redmond’s anticipated rate for 20-year
revenue bonds and the rate of inflation. The assumed bond rate is 7.5 percent and the
inflation rate is 5 percent. The discount rate represents the real cost of capital for City of
Redmond.

Construction and operating costs for the facilities were based on design criteria and
modeled layouts. Estimates were prepared using the construction costs of similar facilities
when possible. Operations and maintenance costs were based on a labor rate of $40 per hour
(which includes a supervisor and overhead) and an electrical power cost of $0.09 per
kilowatt-hour.

3.5.2.3 Types of Cost Estimates

The Association for the Advancement of Cost Engineering, International (AACE
International) has developed definitions for levels of accuracy commonly used by
professional cost estimators. AACE International recently changed the estimate
classification levels from the traditional three (order-of-magnitude, budget, and definitive)
to five levels. These five levels are called Class 5 through Class 1, with Class 1 being the best
expected level of accuracy. The cost estimates included in this report are considered to be
Class 4.

According to the definitions of AACE International, the Class 4 Estimate is defined as an
estimate that is prepared based on limited information, where the preliminary engineering
is from 1 to 5 percent complete. Detailed strategic planning, business development, project
screening, alternative scheme analysis, confirmation of economic and or technical feasibility,
and preliminary budget approval are needed to proceed. Examples of estimating methods
used would be equipment and or system process factors, scale-up factors, and parametric
and modeling techniques. The expected accuracy ranges for this class estimate are -15 to -30
percent on the low side and +20 to +50 percent on the high side.

The cost estimates shown have been prepared for guidance in project evaluation and
implementation from the information available at the time of the estimate. The final costs of
the project and resulting feasibility will depend on actual labor and material costs,
competitive market conditions, actual site conditions, final project scope, implementation
schedule, continuity of personnel and engineering, and other variable factors. Therefore, the
final project costs will vary from the estimates presented here. Because of these factors,
project feasibility, benefit/ cost ratios, risks, and funding needs must be carefully reviewed
prior to making specific financial decisions or establishing project budgets to help ensure
proper project evaluation and adequate funding.

3.5.2.4 Basis for Adjustment of Costs over Time

Any cost estimate is time sensitive. Future changes in the costs of the components of
construction will cause changes in the costs presented in the exhibits of this report. Because
these costs are time sensitive, they are typically associated with a present time costing index
that allows one to monitor and reflect the change of construction costs over time. The costs
developed in this report are based on an Engineering News-Record Seattle Construction Cost
Index for January 2007 of 8626. The costs presented in this report may be updated to future
date costs by applying the ratio of the current cost index at that time to 8626. Because the
relative cost-effectiveness of alternative projects can be expected to change only slightly
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with changes in the estimated costs, alternative selection decisions based on comparisons of
present costs will produce valid results for at least 5 years. At that time, O&M and
construction costs should be reviewed and updated as appropriate.

3.5.25 Basis for Development of Sewer Costing Tables

The following is a description of the process used to develop the sanitary pipeline costing
tables included in this report. The purpose of this narrative is to aid the user in
understanding the scope included in the costing and the assumptions and methodology
used in the development of the tables. In addition, this provides a procedure for future
updating of the tables to fill a unique project-specific need or as a periodic global update.

Given the non-detailed nature of the master plan, the costing was parametric, that is, the
unit prices for each type of improvement were categorized based on basic size or features,
and not explicitly estimated as a detailed construction bid would be. The major parameters
were pipe material type, pipe diameter, and depth of installation. Simplifying assumptions
were made concerning some variable elements (manhole and lateral spacing, for example)
and allowances are made on a linear foot basis to cover these elements and others. Because
of their project-specific nature and variability, some parameters were outside of the scope of
the estimate.

The General Conditions allowance specifically includes the following items:

Bonds, insurance, licenses, and permits

Move in personnel and equipment

Set up all offices, buildings, and facilities

All required construction facilities

Demobilization including removal of all facilities and clean up
All other work not included in other bid items

The following items are specifically included in the lineal foot price:

Excavation, hauling, and disposal

Labor

Asphalt cement (AC) pavement removal and replacement including AC base
Shoring and shoring design (> 20 feet deep)

Materials and equipment for excavation, installation, compaction, etc.

Pipe and pipe installation including bedding and backfill

Laterals and lateral installation

Manhole and manhole installation

Overhead and profit

The following items are considered incidental and therefore are included in the costing for
the installation of sewer pipe in city streets:

e C(learing and grubbing

¢ Adjustment of incidental structures to grade

¢ Landscaping

e Restoration and cleanup

e Removal and replacement of curbs, driveways, and sidewalks

CV0\072710002 3-13



CITY OF REDMOND, OREGON: WASTEWATER (COLLECTION SYSTEM) AND WATER SYSTEM MASTER PLAN

The following major areas are excluded from the unit cost tables and must be added by the
project estimator on a project specific basis (as has been done for the Capital Improvement
Plan summary tables in Appendix C):

Traffic Control —a highly variable and project-specific element that will vary by location,
type of traffic, and volume of traffic.

Rock and concrete excavation must be added on a project-specific basis since it is also
highly variable and not suited to general assumptions. For planning purposes, rock
excavation was assumed to be required below a depth of 3 feet for all pipeline
alignments. A cost of $20/cubic yard could be assumed for areas where blasting
appeared feasible, and $80/ cubic yard where proximity of pipelines to denser urban
areas made blasting not feasible. The $80/cubic yard value was used for all trenches and
refinement of allowable blasting locations can be performed based on city input.

Foundation stabilization is not included and must be added where required.

Controlled density fill (CDF) backfill —all backfill is assumed to be granular imported
materials.

Trench dewatering —another highly variable and project-specific element should be
added where required.

Erosion control.
Tunneling, boring, and jacking are not included.

Land acquisition— All work is assumed to be completed within the right-of-way;
therefore, land acquisition is not an issue.

Other excluded items that may potentially be costly include, but are not limited to, flow
diversion, contaminated media, public involvement, right-of-way acquisition, noise
abatement, public art allowance, permits (special), utility relocations, and interagency
costs.

Standard Trench Quantities
The following assumptions were made during the development of the quantities:

314

Trench depth is the total depth of excavation to the bottom of the pipe bedding.

Trench width is the minimum clear width allowed by the ODOT standard specifications.
The approach includes 10 inches for trench shoring width rounded to the nearest wider
half-foot increment.

Pipe zone depth is the pipe outside diameter plus 18 inches.

Quantity of asphalt removal equals trench width plus 12 inches (6 inches each side of
trench). It should be noted here that the costing tables include saw cutting asphalt to the
trench width to help hold the trench sides and prevent raveling during construction and
re-cutting prior to trench patching with asphalt. Quantity of AC replacement equals
removal width, multiplied by length, multiplied by a depth of 5 inches.
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e Excavation volume is the trench depth multiplied by the trench width multiplied by the
trench length.

e Spoils volume is the excavation volume swelled by 20 percent for being in a loose
condition.

e Shoring is quantified for one side of trench only to agree with Means’ costing
convention, which calculates shoring requirements on a square foot basis. (RSMeans
Construction Data, 2007).

e Pipe zone volume is trench width multiplied by pipe zone depth minus pipe volume
multiplied by length.

e Above zone volume is excavation volume minus the sum of pipe volume and pipe zone
volume.

e AC base volume is asphalt removal width times 8 inches depth.

Standard Sewer Costing Worksheets

Sewer costs were developed for each combination of pipe type, pipe diameter, and trench
depth by incorporating the quantities developed with unit costing from R. S. Means
Building Construction Cost Data 2002 and R. S. Means Site Work & Landscape Cost Data
2002. All unit prices include overhead and profit margin for the installing contractor. The
Subtotal Direct Construction Cost is increased by the multipliers shown. They are as
follows:

e General Conditions @ 10 percent

e Waste allowance @ 5 percent

e Construction contingency @ 25 percent

¢ Construction management, inspection, and testing @ 15 percent
e Design @ 10 percent

e Public involvement (PI), instrumentation and controls (1&C), easements, and
environmental oversight @ 3 percent

e Startup and closeout @ 1 percent

3.5.2.6 Summary

Exhibits 3-8 and 3-9 summarize the construction and operation and maintenance costs for
each component presented in the previous sections.

3.5.3 Conceptual Planning for Urban Reserve Area

Sewer service may be provided to the URA through the use of gravity interceptors and
trunk sewers. The Far East Interceptor and a trunk sewer extending east on Negus Avenue
in the vicinity of Hayden Ranch Pump Station are configured to provide service to nearly
the entire URA.
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Phasing for these improvements should be tied to planned development in the URA. The
planning criteria known during preparation of this master plan indicate that this area may
not develop immediately. For this reason, these URA area sewer improvements were
assigned to Phase 3 of the development plan. However, if development in the URA should
proceed earlier and sewer service is required, service to the URA could be provided either
through the Far East Interceptor as described above, or by a pump station that could serve
the initially-developed portion of the URA and discharge into the existing system. This
potential sewer pump station was considered as an alternative in the master plan SWMM
model and might be located near the southern end of the URA east of the extension of SW
Glacier Avenue.

3-16 CV0\072710002



WASTEWATER SYSTEM PLAN

E
N a
-
o
- W
@ o
&= E
I 00 - E
(1] 2000 4000 - —— . o E E
| - i i | — [+ 1]
1t i : T -1 -
’ Y u® 4 ! =t 0
[ | I " m -
1 ] ! :E E" 3
-wwml N O N B - g | f".'.l l; %
] b ' b n 2
' n \ Ew
1 LYy —F1% m W W
' Sterling Redmond WPCF | = B
g Pointe = | w T
[ ] /. | =
| | [ o
1 .
. 2l 5
----. g
1
s | Hayden |
! ol Ranch
il R R : — - LEﬂEﬂd E
: ' [=] Wastewater Pump Station -
1 Il [ water Pollution Control Facility g 5
: Waverly R Sewer Pipe 0 ﬁ
f  Future PUD T Unknown E iy
| Greenwood 1 1] L _ —2-6" w8
] @l e E 8- 107 [+ = 5
| - i———t 12 - 18" ke
! Lawson i T E F e = E
g Crossing .} o c - UGB September 22, 2006 -
- E[ | ] T | £ icity Limit T
1 RT*.; E; EE] &[] i "" | _Jurban Reserve Area
: ge 5 ey —+—+—Railroad -
i j—J - _ Street I
: |- Nolans CERNIURN T, . 3
' g Addition = [FITTIIITITECRIE 7 7 I g
: SR W ag A [ VYY1 N - oo l
. F TRERTY 7 e e e | ' i
. T —f L T gf 'MATCHLINE >

CV0\072710002

3-17



WASTEWATER SYSTEM PLAN
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WASTEWATER SYSTEM PLAN

EXHIBIT 3-2

Wastewater Pump Station Operator Conditions
Redmond Wastewater (Collection System) and Water System Master Plan

GIS Design Total Measured Total Pump
ID Pump Dynamic Design Flow Flow Station Flow
Pump Station Address Number No. Head (ft) (gpm) (gpm) (gpm) Status

Antler 125 NE Antler Ave 9 1 25 700 795 701

2 25 700 701 -
Cascade View 3250 SW 34th St 2 1 20 (estimated 45 45 45

from GIS)
2 20 (estimated 45 45 -
from GIS)

Cascade View Phase 7 3850 SW 35th PI 14 1 102 120 86 86

2 102 120 90 -
Hayden Ranch 1555 NE 3rd St 24 1 16 80 226 212

2 16 80 212 -
Majestic Ridge 4334 SW Salmon Ave 10 1 118 88 143 124

2 118 88 124 -
Nolans Addition 2498 SW Glacier Ave 6 1 25 250 257 257

2 25 250 268 -
Reindeer 356 SW Reindeer Ave 8 1 28 95 144 127

2 28 95 127 -
Sterling Pointe 2810 NW 19th St 16 1 69 200 181 180

2 69 200 180 -
Umatilla 2654 SW 6th St 20 1 36 140 118 79

2 36 140 79 -

CV0\072710002

3-21



EXHIBIT 3-2
Wastewater Pump Station Operator Conditions

Redmond Wastewater (Collection System) and Water System Master Plan

GIS Design Total Measured Total Pump
ID Pump Dynamic Design Flow Flow Station Flow
Pump Station Address Number No. Head (ft) (gpm) (gpm) (gpm) Status
Xero 3515 SW Xero Ave 1 1 81 120 158 151
2 81 120 151 -
Yew 3715 SW Airport Way 3 1 26 520 497 503
2 26 520 503 -
Waverly PUD SE corner of NW NA 1 23.6 66 112 100 New station. Will be
Hemlock Ave and NW online August 2007.
Discharges to manhole
MHO08CO016.
2 23.6 66 100 -
Antler Ridge 3565 W Antler Ave 28 1 62.5 118 195 188 New station. Will be
decommissioned August
2007. Discharges to
manhole MH17B023.
2 62.5 118 188 -
Lawson Crossing SE corner of NW 35th 27 1 87 132 192 192 New station. Will be
St and NW Dogwood online August 2007.
Ave Discharges to manhole
MH17B023.
2 87 132 204 -

Note: All measured data in this table obtained from city field testing records provided July 18, 2007.

3-22

CV0\072710002



WASTEWATER SYSTEM PLAN

EXHIBIT 3-3

Existing Wastewater System Pipeline Inventory
Redmond Wastewater (Collection System) and Water System Master Plan

Pipe Material
Size Length Length PVC Concrete Steel Ductile Iron HDPE Material Unknown
(inches) (%) (feet) % feet % feet % feet % feet % feet % feet

4 11.9 94,380 - - - - - - - - - - 100.0 94,380

6 14 10,766 19.3 2,080 - - - - - - - 80.7 8,686

8 56.9 451,687 59.0 266,473 32.3 145,981 0.1 408 - - - - 8.6 38,825

10 5.0 39,538 46.5 18,370 52.1 20,595 - - - - - - 1.4 573

12 2.5 20,055 57.0 11,441 40.0 8,026 - - - - - - 29 588

14 0.0 110 - - - - - - 100.0 110 - - - -

15 2.2 17,185 221 3,791 72.8 12,509 - - - - - - 51 885

18 1.2 9,874 25.9 2,561 74.1 7,313 - - - - - - - -

24 9.1 72,203 92.8 67,010 7.2 5,193 - - - - - - - -

27 0.4 3,303 100.0 3,303 - - - - - - - - - -

30 1.0 8,305 42.3 3,516 - - - - - - 57.7 4789 - -
Missing 8.4 66,493 0.5 301 0.4 281 - - - - - - - 65,911
Data
Total 100.0 793,899 47.7% 378,846 25.2% 199,898 0.1% 408 0.0% 110 0.6% 4,789 26.4% 209,848
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EXHIBIT 3-4

Minimum Grade for Gravity Sewers
Redmond Wastewater (Collection System) and Water System

Master Plan

Pipe Inner Diameter (inches)

Slope (ft/100 ft)

6
8
10
12
15
18
21
24
27

0.6
0.4
0.25
0.19
0.14
0.11
0.09
0.08
0.08

Source: City of Redmond, Public Works Department,
Standards and Specifications, April 2003
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WASTEWATER SYSTEM PLAN
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WASTEWATER SYSTEM PLAN

EXHIBIT 3-6A

Wastewater Collection System Recommended Projects List for UGB Buildout
Redmond Wastewater (Collection System) and Water System Master Plan

Pipelines
Average .
Le(?tg)th Depth of DI&EE e)ter Total Estimate Location
' Bury (ft.) i
Far West Interceptor

Between Sterling Pointe Pump Station and Redmond Water

30 6 30 $0 Pollution Control Facility

33 6 30 $15.000 Betwgen Sterling P0|ln.te Pump Station and Redmond Water
Pollution Control Facility
Between Sterling Pointe Pump Station and Redmond Water

25 5 30 $11,000 Pollution Control Facility

86 5 30 $38.000 Betwgen Sterling P0|.n.te Pump Station and Redmond Water
Pollution Control Facility

175 6 30 $77.000 Betwgen Sterling Pom.te Pump Station and Redmond Water
Pollution Control Facility

230 12 30 $146,000|Parallel to NW Spruce Ave, west of Sterling Pointe Pump Station

136 19 30 $103,000 Parallel to NW Sp.ruce Ave, east of NW 22nd St at Sterling
Pointe Pump Station

400 18 30 $302,000/|Parallel to NW Spruce Ave, east of NW 22nd St

400 20 30 $304,000|Parallel to NW Spruce Ave, west of NW 22nd St

350 24 30 $270,000|Parallel to NW Spruce Ave, east of Northwest Way

350 25 24 $245,000|Parallel to NW Spruce Ave, east of Northwest Way

373 23 30 $286,000|Parallel to NW Spruce Ave, east of Northwest Way

330 21 30 $252,000/Along Northwest Way, south of NW Spruce Ave

325 19 24 $221,000|Parallel to and south of NW Spruce Ave, west of Northwest Way

325 15 24 $192,000|Parallel to and south of NW Spruce Ave, west of Northwest Way

330 12 24 $179,000|Parallel to and west of Northwest Way, south of NW Spruce Ave

330 14 24 $181,000|Parallel to and west of Northwest Way, south of NW Spruce Ave

332 16 24 $197,000|Parallel to and west of Northwest Way, south of NW Spruce Ave

317 14 24 $173,000|Parallel to and south of NW Spruce Ave, west of Northwest Way

317 9 24 $129,000|Parallel to and south of NW Spruce Ave, west of Northwest Way

330 7 24 $120,000/Parallel to and east of NW 35th St, north of NW Maple Ave

330 8 24 $134,000/|Parallel to and east of NW 35th St, north of NW Maple Ave

330 11 24 $178,000|Parallel to and east of NW 35th St, north of NW Maple Ave

330 15 24 $195,000/|Parallel to and east of NW 35th St, north of NW Maple Ave

CV0\072710002



EXHIBIT 3-6A
Wastewater Collection System Recommended Projects List for UGB Buildout
Redmond Wastewater (Collection System) and Water System Master Plan

Pipelines
Average .
Le(?tg)th Depth of Dlazme)ter Total Estimate Location
) Bury (ft.) )
Far West Interceptor, continued
330 17 24 $223,000|Parallel to and south of NW Oak Ave, east of NW 35th St
330 15 24 $195,000/Parallel to and south of NW Oak Ave, east of NW 35th St
330 16 24 $196,000|Parallel to and south of NW Oak Ave, east of NW 35th St
330 17 27 $222,000|Parallel to and south of NW Oak Ave, east from NW 35th St
331 16 27 $201,000|Along NW 35th St north of NW Maple Ave
340 19 27 $231,000|Along NW 35th St north of NW Maple Ave
330 22 27 $248,000|Along NW 35th St north of NW Maple Ave
320 21 27 $240,000|Along NW 35th St north of NW Maple Ave
330 18 27 $223,000|Along NW Maple Ave, west of NW 35th St
330 18 27 $223,000|Parallel to and west of NW 35th St, south of NW Maple Ave
240 20 27 $164,000|Parallel to and west of NW 35th St, south of NW Maple Ave
330 16 27 $221,000/|Parallel to and south of NW Maple Ave, west of SW 35th St
330 13 27 $187,000/|Parallel to and west of NW 35th St, south of NW Maple Ave
330 17 27 $222,000|Parallel to and west of NW 35th St, south of NW Maple Ave
90 22 27 $68,000|Parallel to and west of NW 35th St, south of NW Maple Ave
240 19 27 $163,000|Parallel to and west of NW 35th St, south of NW Hemlock Ave
330 13 27 $187,000|Parallel to and west of NW 35th St, south of NW Hemlock Ave
330 13 27 $187,000|Parallel to and west of NW 35th St, south of NW Hemlock Ave
320 13 27 $181,000|Parallel to and west of NW 35th St, south of NW Hemlock Ave
90 13 27 $51,000|Parallel to and west of NW 35th St, south of NW Hemlock Ave
250 10 27 $124,000|Parallel to and west of NW 35th St, south of NW Hemlock Ave
330 7 27 $140,000|Parallel to and west of NW 35th St, south of NW Hemlock Ave
100 7 27 $43,000|Parallel to and west of NW 35th St, south of NW Hemlock Ave
230 9 27 $114,000|Parallel to and west of NW 35th St, south of NW Hemlock Ave
330 14 27 $188,000|Parallel to and west of NW 35th St, north of W Antler Ave
110 17 27 $74,000|Parallel to and west of NW 35th St, north of W Antler Ave

3-30
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WASTEWATER SYSTEM PLAN

EXHIBIT 3-6A
Wastewater Collection System Recommended Projects List for UGB Buildout
Redmond Wastewater (Collection System) and Water System Master Plan

Pipelines
Length | Average | Diameter . .
(ft.) Depth of (in) Total Estimate Location
Far West Interceptor, continued
230 17 27 $155,000|Parallel to and west of NW 35th St, north of W Antler Ave
330 15 27 $199,000/|Parallel to and west of NW 35th St, north of W Antler Ave
110 14 27 $63,000|Parallel to and west of NW 35th St, north of W Antler Ave
220 17 24 $149,000|Parallel to and west of NW 35th St, north of W Antler Ave
330 21 24 $227,000|Parallel to and west of NW 35th St, north of W Antler Ave
130 21 24 $90,000/|Parallel to and west of NW 35th St, north of W Antler Ave
410 20 24 $280,000|Along W Antler Ave, west of SW 35th St
410 17 24 $277,000|Along W Antler Ave, west of SW 35th St
330 15 24 $195,000/|Parallel to and east of SW Helmholtz Way, south of W Antler Ave
330 15 24 $195,000|Parallel to and east of SW Helmholtz Way, south of W Antler Ave
330 14 24 $181,000/|Parallel to, east of SW Helmholtz, south of W Antler Ave
330 12 24 $179,000/|Parallel to, east of SW Helmholtz, south of W Antler Ave
166 9 24 $68,000|Parallel to, north of SW Highland, east of SW Helmholtz
330 12 24 $179,000/|Parallel to, east of SW Helmholtz, north of SW Highland
330 16 24 $196,000/|Parallel to, east of SW Helmholtz, north of SW Highland
330 16 24 $196,000 |Parallel to, east of SW Helmholtz, north of SW Highland
280 16 24 $166,000|Parallel to, east of SW Helmholtz, north of SW Highland
330 15 24 $195,000|Along SW Highland Ave, east of SW Helmholtz Way
330 14 24 $181,000/Along SW Highland Ave, east of SW Helmholtz Way
330 17 24 $223,000/|Parallel to, east of SW Helmholtz, south of SW Highland
330 18 24 $224,000|Parallel to, east of SW Helmholtz, south of SW Highland
330 17 24 $223,000/|Parallel to, east of SW Helmholtz, north of SW Obsidian
330 17 24 $223,000/|Parallel to, east of SW Helmholtz, north of SW Obsidian
330 17 24 $223,000/|Parallel to, east of SW Helmholtz, north of SW Obsidian
330 17 24 $223,000/|Parallel to, east of SW Helmholtz, north of SW Obsidian
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EXHIBIT 3-6A
Wastewater Collection System Recommended Projects List for UGB Buildout
Redmond Wastewater (Collection System) and Water System Master Plan

Pipelines
Average .
Le(?tg)th Depth of DI&EE e)ter Total Estimate Location
' Bury (ft.) '
Far West Interceptor, continued
330 18 24 $224,000/|Parallel to, east of SW Helmholtz, north of SW Obsidian
380 19 24 $259,000|Parallel to, east of SW Helmholtz, north of SW Obsidian
805 22 24 $555,000/Along SW Obsidian Ave, east of SW Helmholtz Way
512 21 15 $248,000|Along SW Obsidian Ave, west of SW Helmholtz Way
Parallel to and approximately 3000 feet east of SW 55th St,
660 14 15 $306,000 south of SW Obsidian Ave
Parallel to and approximately 3000 feet east of SW 55th St,
660 14 15 $306,000 south of SW Obsidian Ave
633 11 15 $219,000|Parallel to and approximately 2000 feet west of SW Quartz Ave
1,280 8 15 $390,000|Parallel to and approximately 3000 feet west of SW Quartz Ave
1,320 10 15 $453,000/|Parallel to and east of SW 55th St, north of SW Wickiup Ave
1,320 9 15 $449,000|Parallel to and east of SW 55th St, north of SW Wickiup Ave
1,320 9 12 $430,000|Along SW Helmholtz Way, north of SW Wickiup Ave
1,320 17 12 $601,000/Along SW Helmholtz Way, south of SW Wickiup Ave
1,320 26 12 $694,000|Along SW Helmholtz Way, north of SW Coyote Ave
1,320 20 12 $670,000|Along SW Helmholtz Way, north from SW Coyote Ave
1,320 19 12 $666,000 |East from the terminus of SW Coyote Ave
650 21 12 $332,000|Parallel to and approximately 1300 feet east of SW Coyote Ave
1,320 17 12 $601,000 Z\z;l(raallel to and east of SW Helmholtz Way, north of SW Elkhorn
1,210 17 10 $550,000|Along SW Elkhorn Ave, west of SW 39th St
Parallel and west of SW 43rd St between SW Canal Blvd and
350 19 12 $162,000 SW Elkhorn Ave
778 17 10 $354,000|Along SW Elkhorn Ave between SW 39th St and SW Canal Blvd
1,260 17 10 $573,000|Along SW 39th St between SW Canal Blvd and SW Elkhorn Ave
1,350 17 10 $614,000|East from SW Elkhorn Ave and SW 39th St
655 16 10 $296,000|Parallel to and south of SW Elkhorn Ave, west of SW Canal Blvd
1,098 16 10 $496,000|North from SW Canal Blvd, parallel to SW Helmholtz Way
1,844 16 10 $832,000|Along SW Canal Blvd, northeast of SW Helmholtz Way
46,375 $24,454,000
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WASTEWATER SYSTEM PLAN

EXHIBIT 3-6A
Wastewater Collection System Recommended Projects List for UGB Buildout
Redmond Wastewater (Collection System) and Water System Master Plan

CV0\072710002

Pipelines
Average .
Le(?tg)th Depth of Dlezme)ter Total Estimate Location
' Bury (ft.) )
West Side Interceptor
1,950 10 21 $647,000 Along SW 27th Street, between SW Highland Avenue and SW
Cascade Avenue
348 8 18 $110,000/Along SW 27th Street, between SW Indian Ave and Juniper
120 8 18 $38,000/|Along SW 27th Street, south of Juniper
375 8 18 $119,000|Along SW 27th Street, between Juniper and SW Lava
440 8 18 $139.000 A!ong SW 27th Street, between SW Indian Avenue and SW
Highland Avenue
1.850 11 18 $777.000 Along SW 27th Street, between SW Obsidian Avenue and SW
Lava Avenue
2,050 9 18 $726,000 Alon.g.SW 27th Street, between SW Salmon Avenue and SW
Obsidian Avenue
3,800 9 15 $1.500,000 Alon.g'SW 27th Street, between SW Salmon Avenue and SW
Obsidian Avenue
10,933 $4,056,000
Far East Interceptor
50 8 36 $29,000|Link to Redmond Water Pollution Control Facility
220 5 27 $70,000|Link to Redmond Water Pollution Control Facility
100 5 24 $32,000{Link to Redmond Water Pollution Control Facility
212 5 24 $68,000|Parallel to and west of NW Canyon Dr, north of NW Spruce Ave
350 5 24 $111,000|Parallel to and west of NW Canyon Dr, north of NW Spruce Ave
260 5 24 $83,000|Parallel to and west of NW Canyon Dr, north of NW Spruce Ave
180 4 24 $57.000 Along Dry 'C.anyon floor, north of Redmond Water Pollution
Control facility
480 8 24 $194,000|Crossing Dry Canyon Ridge, west of NW Upas Ave
2,090 12 24 $1,128,000|Parallel to NW Upas Ave, west of NW 10th St
370 14 24 $202,000/|Parallel to and west of NW 10th St, north of NW Upas Ave
1,294 13 24 $703,000|North of NW Upas Ave, crossing NW 10th St
820 13 24 $445,000|Parallel to and east of NW 10th St, south of NW Pershall Way
600 14 24 $328,000|South of NW Pershall Way, east of NW 10th St
445 17 24 $300,000|Parallel to and south of NW Pershall Way, west of Hwy 97
7,471 $3,750,000




EXHIBIT 3-6A
Wastewater Collection System Recommended Projects List for UGB Buildout
Redmond Wastewater (Collection System) and Water System Master Plan

Pipelines
Average .
Le(?tg)th Depth of Dlezme)ter Total Estimate Location
' Bury (ft.) )
East Side Interceptor
200 18 27 $135,000|Along BNSF Railroad ROW south of NE King
230 7 27 $97,000/|Along BNSF Railroad ROW south of NE King
360 11 27 $180,000|Along BNSF Railroad ROW north of NE Redwood
400 16 27 $242,000 glgi:%:NSF Railroad ROW between NE Redwood and NE
130 17 27 $80,000{Along BNSF Railroad ROW at NE Quince
1,300 17 24 $773,000|Along BNSF Railroad ROW north of NE Negus
1,530 20 24 $1,045,000|West of NE 5th Street north from NE Shoshone
1,350 14 24 $737,000 ;Z;aﬂlsel and west of 3rd Street from NE Kilnwood Lane to NE
1,250 13 24 $604.000 ﬁ::]r;g BNSF Railroad ROW north of NE Hemlock to NE Kilnwood
55 10 12 $19,000/Along NE Negus Way, east of the railroad ROW
400 8 12 $129,000|Along NE Negus Way, between NE 11th St and NE 9th St
1,000 13 12 $392,000|Along NE Negus Way, between NE 9th St and NE 7th St
216 10 12 $71,000/Along NE Negus Way, between NE 6th St and NE 5th St
172 12 12 $67,000/|Along NE Negus Way, west of NE 5th St
470 10 12 $155,000/Along NE Negus Way, west of NE 5th St
2,600 13 24 $1,257,000/|Along BNSF Railroad ROW south of NE Hemlock
1,500 10 24 $712,000/Along BNSF ROW from SE Evergreen Ave to E Antler Ave
3,000 6 18 $822,000/Along BNSF ROW from Kalama Ave to SE Evergreen Ave
2.000 9 18 $829,000 Along BNSF ROW from Kalama Avenue south of SE Evergreen
Avenue
From BNSF ROW north of SW Veterans Way, east on SW
4,830 10 18 $2,015,000 Veterans Way, then south to SW 6th St and SW Reindeer Ave
2.770 10 8 $825,000 North from the ‘north end of SW 13th St to approximately 1,000 ft
west of SW Reindeer Ave
South on SE 13th St continuing south on SE Airport Way, along
7,200 15 12 $4,778,000 SE 19th St to city limit
32,963 $15,964,000
Line A
Area west of Cascade View Phase 7 PS, along SW Canal Blvd
5,300 20 15 $2,550,000 10 SW 27th St
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WASTEWATER SYSTEM PLAN

EXHIBIT 3-6A

Wastewater Collection System Recommended Projects List for UGB Buildout
Redmond Wastewater (Collection System) and Water System Master Plan

Pipelines
Average .
Le(?tg)th Depth of Dlazm e)ter Total Estimate Location
) Bury (ft.) )
Line D
South along SW Helmholtz Way, between SW Obsidian Ave &
9,900 14 15 $4,587,000 SW Xero Ave, south on SW 46th St south of SW Xero Ave
[Line J
East along E Antler Ave from SE Railroad Blvd, south to SE
5,750 15 8 $2,056,000/Black Butte Blvd, east on SE Black Butte Blvd, north on SE 6th
St, east on E Antler Ave
Line K
East along SE Evergreen Ave from BNSF ROW, south on SE
9,790 8 10 $3,187,000 9th St, then SW on Hwy 126
Line L
From approximately 1,000 ft west of SW Reindeer Ave to SW 6th
2,730 10 8 $814,000 St, north of SW Umatilla Ave
Gravity Pipe Replacement
Between Railroad Blvd and SE Franklin Street, between SE
428 11 12 $165,000 Black and SE Cascade
Between NW 19th and NW Canyon (W of 2807 NW Canyon & E
14 5 12 $4,0001 5 3100 Nw 19th)

8 8 15 $3,000 :)“\:II :::\uc::vv IVIGPIC 1y, oCIN VI IIIIUPUIIII. Ul Lyva INVV JUT X0 LIJY
309 8 10 $89,000|E from 365 SE Ridge Way to 545 SE Deschutes (W of Canal)
167 10 $42.000 E from South of 649 SE Evergreen Ave block to W of 639 SE

6 Evergreen Ave block
half way between 436 and 439 blocks of SE Deschutes Ave to S
369 6 10 $93,000 of 251 SE 5th St
E from 545 SE Deschutes Ave (W of Canal) to E of Canal (N of
130 7 10 $33,000 436 SE Deschutes)
341 6 10 $85,000|S of 251 SE 5th Stto N of 211 SE 5th St..
414 7 21 $133,000/, ~ ™ o
Starts halfway between 353 SE Railroad Blvd & 216 SE Railroad
21 10 12 $7,000 Blvd to SW of 216 SE Railroad block
NW of 208 SE Franklin St to SW of 228 SE Franklin St (parallel
180 10 12 $59,000{to the W property line of these two blocks). Between 229 SE and
208 SE Franklin St
2,380 $713,000
Grand Total $57,494,000
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EXHIBIT 3-6A
Wastewater Collection System Recommended Projects List for UGB Buildout
Redmond Wastewater (Collection System) and Water System Master Plan

Pipelines
Length Average | Dia- Total .
(ft) Depth of | meter Estimate Location
' Bury (ft.)| (in.)
Far East Interceptor
Parallel to and south of NE Yucca Ave, between NW Canal Blvd and Hwy
960 17 24 $647,000 97
1,982 9 24 $806,000 | Parallel to and south of NE Yucca Ave, east of NW Canal Blvd
2,420 4 24 $759,000 |Parallel to and south of NE Yucca Ave, west of NE 17th St
1,650 7 24 $597,000 |Parallel to NE 17th St, crossing NE King Way
910 8 24 $368,000 | West from NE Upas Ave, west of NE 17th St
1,290 8 24 $521,000 |Along NE Upas Ave between NE 21st Dr and NE 17th St
670 9 24 $273,000 |Running north-south, south of NE Upas Ave
627 8 10 $201,000 |Running north-south, east of NE Negus Way
177 8 24 $72,000 |Running east-west, south of NE Upas Ave and east of NE Negus Way
1,320 8 10 $423,000 |Running north-south, east of NE Negus Way
1,301 8 10 $417,000 |Running north-south, east of NE Negus Way
1,499 8 10 $481,000 |Running east-west, north of NE Maple Ave from NE Negus Way
1,318 8 10 $423,000 |Parallel to and east of NE 11th St, north of NE Maple Ave
1,331 8 10 $427,000 | Parallel to and east of NE 11th St, south of NE Maple Ave
270 8 24 $109,000 |Running east-west, south of NE Upas Ave and east of NE Negus Way
346 8 24 $140,000 |Running east-west, south of NE Upas Ave and east of NE Negus Way
350 8 24 $142,000 |Running east-west, south of NE Upas Ave and east of NE Negus Way
235 6 24 $85,000 |Running east-west, south of NE Upas Ave and east of NE Negus Way
135 4 24 $43,000 |Running east-west, south of NE Upas Ave and east of NE Negus Way
1,320 7 18 $413,000 |Running east-west, south of NE Upas Ave and east of NE Negus Way
1,320 12 18 $559,000 |Running north-south, south of NE Upas Ave
990 11 18 $416,000  Parallel to and south of NE Upas Ave, east of NE Negus Way
1,320 13 18 $635,000 |Running north-south, south of NE Upas Ave
1,006 14 10 $448,000 |Running east-west, north of NE Maple Ave
1,320 14 18 $639,000 |Running north-south, north of E Antler Ave
1,320 7 18 $413,000 |Running north-south, north of E Antler Ave
1,012 9 10 $328,000 |Running east-west, north of NE Maple Ave

3-36 CV0\072710002



WASTEWATER SYSTEM PLAN

EXHIBIT 3-6A
Wastewater Collection System Recommended Projects List for UGB Buildout
Redmond Wastewater (Collection System) and Water System Master Plan

Pipelines
Aver Dia-
Length erage a Total .
(ft) Depth of | meter Estimate Location
' Bury (ft.)| (in.)
Far East Interceptor, continued
1,320 4 12 $325,000 |Running north-south, north of E Antler Ave
1,045 3 10 $221,000 |Running east-west, from east end of NE Maple Ave
1,020 6 10 $255,000 |Running east-west, north of E Antler Ave and east of SE 11th St
330 5 12 $82,000 |Running east-west, north of E Antler Ave and east of SE 11th St
1,570 8 10 $453,000 |Running east-west, north of E Antler Ave and east of SE 11th St
1,320 5 12 $328,000 |Running north-south, north of E Antler Ave and east of SE 9th St
1,340 9 12 $436,000 |Running north-south, north of E Antler Ave and east of SE 9th St
1,350 6 10 $337,000 |Running east-west, north of E Antler Ave and east of SE 9th St
1,360 8 10 $436,000 |Running east-west, north of E Antler Ave and east of SE 9th St
1,300 9 10 $421,000 |Running north-south, south of E Antler Ave and east of SE 9th St
1,320 6 10 $330,000 |Running east-west between Hwy 126 and E Antler Ave, east of SE 9th St
1,320 10 10 $431,000 |Running east-west between Hwy 126 and E Antler Ave, east of SE 9th St
1,320 10 10 $431,000 |Running north-south between Hwy 126 and E Antler Ave, east of SE 9th St
44,314 $15,271,000
New Pressure Pipe
East from Walnut Ave and NW 38th St to Northwest Way, south along
6,440 > 6 $1,406,000 Northwest Way to Upas Ave
Pump Stations
Walnut Ave and NW 38th St (Note that 15% was used for engineering
NA NA NA $489,000 |estimate in lieu of 10% for this project)
Grand Total $17,166,000
CV0\072710002



EXHIBIT 3-7
Economic Life for Major Facility Plan Components
Redmond Wastewater (Collection System) and Water System Master Plan

Component Type

Economic Life

Land Permanent
Wastewater conveyance structures 50 years
(including collection systems, outfall pipes, interceptors, force mains,)
Other structures 40 years
(including lift station structures, and site work)
EXHIBIT 3-8
Summary of Unit and O&M Costs
Redmond Wastewater (Collection System) and Water System Master Plan

Construction or Unit Cost

Component Unit Cost Capital Cost Annual O&M Cost Source
Land Acquisition (for $15 per square foot Capital $1,350/acre Residential lot
relatively small and value (available
local areas) advertisements
June 2007)

Acquisition of $0.75 per square Capital $1,000/acre Industry
Permanent foot experience
Easements
New and Based on diameter  Construction $0.42/linear foot Industry
Replacement Pipe < and depth experience
36-inch Diameter
338 CV0\072710002
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EXHIBIT 3-9

Pipeline Unit Price Total Construction Costs (Enr Cci = 8626, January 2007)
Redmond Wastewater (Collection System) and Water System Master Plan
(Note: unit prices provided only for diameter/depth combinations in CIP. These unit prices include allowances for General
Conditions: 10%, Waste Allowance: 5%, and 25% contingency. Other multipliers are added to each project in the detail
cost breakdown in Appendix C.)

Depth to Bottom of Trench

Pipe Size 4 ft 6 ft 8 ft 10 ft 12 ft 15 ft 18 ft 20 ft 24 ft 28 ft
6" PVC $176 $202 $229 $274 $316
8" PVC $134 $158 $182 $208 $235 $280 $322
10" PVC $175 $202 $231 $261 $310 $358
12" PVC $149 $176 $203 $233 $262 $312 $360 $359 $398
15" PVC $190 $216 $246 $275 $325 $374
18" PVC $194 $224 $256 $288 $343 $393 $426
21" PVC $255 $290 $265
24" PVC $217 $265 $301 $336 $395 $449 $485 $557
27" PVC $250 $281 $320 $355 $414 $468 $498 $556 $614
30" PVC $290 $325 $365 $405 $472 $529 $562 $567 $626
367" PVC $344 $387 $432 $480 $559 $609 $647 $656 $724
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SECTION 4

Water System Plan

4.1 Existing System Description

The City of Redmond operates a community water system serving the residents of the city.
The system has been assigned the state and federal Public Water System Identification
No. 4100693.

Exhibit 4-1 provides an overview schematic of the system.

4.1.1 Service Area and Population

The Redmond water system serves nearly every resident within the city limits and very few
customers located outside of the city limits. Therefore, the service population is considered
equal to the city population, which for July 1, 2006, was 23,500 according to the Portland
State University Population Research Center.

4.1.2 Water Use

The city’s system provides an average of nearly 5 million gallons per day (mgd) of drinking
water to the community. Water use has increased significantly over the past 10 years as the
population of the city has doubled.

Redmond’s demands show a marked increase during the summer months because of out-
door irrigation. The maximum summer day demand is approximately 2.4 times the annual
average. The highest recorded single day demand for the system was 11.0 mgd in 2007.

About 75 percent of water use in Redmond system is by residential customers, with the
remaining 25 percent used by commercial, industrial, and governmental customers.

4.1.3 Water Supply

The city has obtained 100 percent of its water supply from groundwater through drilled
wells since 1988. Prior to that year, the city used a combination of surface and groundwater.

The city holds water right permits and certificates that authorize use of up to 12.8 mgd of
water. The city has a pending water right permit application that would allow for an
additional 16.2 mgd.

4.1.4 Water Quality, Treatment, and Drinking Water Regulations

The water quality from the city’s wells is excellent and requires almost no treatment. The
city does add chlorine at each wellhead at a rate of approximately 0.5 milligrams per liter
(mg/L). This provides a residual of 0.2 to 0.3 mg/L as a minimum throughout the system.
The chlorination systems use 150-pound gas cylinders as their supply.

The city’s water quality complies with all current drinking water standards. All recent
samples for coliform bacteria, the most general indicator of bacteriological water quality,
have been negative, indicating that no bacteria were found. The city typically samples
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20 different locations within the system every month for coliform bacteria and to measure
chlorine residuals.

It is anticipated that the city’s water will comply with the newly promulgated Stage 2
Disinfection By-Products Rule. This rule requires that samples must comply with the
standards of 80 micrograms per liter (ng/L) for trihalomethanes and 60 ng/L for haloacetic
acids at all locations. To date, the highest measured values in the city’s system have been
1.6 ug/L for trihalomethanes and 7.4 ng/L for haloacetic acids. Most samples have been
well below these values or even below laboratory detection limits.

4.1.5 Distribution System

The distribution system is divided into three service zones, as described in Exhibit 4-2. The
topography generally slopes from south to north so that the highest zone, Zone 1, is located
at the south end of the city. Most of the city, including the downtown area, lies within
Zone 2. Zone 3 is the lowest elevation zone and is located at the north end of the city.
Exhibit 4-3 provides an overview map of the city’s existing water system.

4.1.6 Wells and Pump Stations

Redmond currently has six operating wells. Well 6, the most recent, went into production in
2006. For the period of 2000-2005, Wells 5 (40 percent) and 3 (24 percent) contributed the
majority of the water to the system. Well 7 has been drilled and tested but was not yet
equipped with a pump as of November 2007. The city expects to complete Well 7 in 2008.

Exhibit 4-4 summarizes the pump stations and wells that pump water into the city’s system.
The system has five booster pump stations. Two of the stations, Forked Horn Butte Pump
Stations 1 and 2, provide service to Zone 1 (High Pressure Zone). Another station, Forked
Horn Butte Storage Reservoir Pump Station, lifts water from Zone 2 (3180 Zone) into the
Forked Horn Butte Storage Reservoir, which has a higher overflow elevation of 3,220 feet.

The Innovation Park Pump Station draws water from Reservoirs 4 and 5, which are
supplied by Well 6, and pumps this water into Zone 2. The fifth station is the Antler Avenue
Pump Station, containing two sets of pump options; the first allows water to be pumped
back into Zone 2 and the second provides fire water to a dedicated fire system that serves a
local industrial area.

The city has installed a sufficient number of wells to serve current maximum day conditions
and will be bringing Well 7 on line in 2008, which will pump approximately 2,000 gpm into
the system. A 5,000-gpm booster pump station and ground level reservoir will be
constructed at the Well 7 site in the future to allow for a wide range of flows from average to
fire flow to be provided in that portion of the system. Initially, Well 7 will pump directly
into the distribution system.

4.1.7 Storage

Distribution storage is provided from five reservoirs, all of which serve Pressure Zone 2.
Together, they provide a total of 10 million gallons (MG) of storage, or approximately the
city’s 2006 maximum day demand. Two 2.0-MG reservoirs are located next to Well 6 in the
southeast. Two 2.0-MG reservoirs are part of the Forked Horn Butte System, which is
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located to the southwest. The fifth reservoir is the Antler Reservoir, located in the east-
central area of the city.

4.1.8 Distribution Pipe

Redmond’s distribution system is composed of 140 miles of pipelines. This represents about
$63 million in replacement costs in today’s dollars. Approximately 65 percent of the pipe is
polyvinyl chloride (PVC). Approximately 25 percent of the pipe is steel. The remainder
includes cast iron, copper, and ductile iron.

As shown in Exhibit 4-5, the pipelines range in diameter from 1 to 24 inches, with roughly
half the total number of lineal feel of pipeline 8 inches in diameter. Pipeline materials by
diameter are shown in Exhibit 4-6, with corresponding pipeline lengths. The system’s
pipeline materials are summarized in Exhibit 4-7.

4.2 Design Criteria

Utilities establish design and operating criteria to assure standardization and consistency
within the system. Exhibit 4-8 shows the recommended design and operating criteria for
Redmond’s water system that were updated and compiled as part of this master plan. In
some cases, the criteria selections are considered preliminary and the City of Redmond will
need to continue to evaluate and finalize appropriate criteria.

A number of design criteria, such as fire flows, storage requirements, and pipe sizing, were
used as a basis for determining capital improvement needs for the city’s system in this
master plan.

Other criteria are not critical for developing a master plan, but do provide guidance to the
city for evaluating detailed designs of improvements. These include criteria for hydrant
spacing, valve spacing, pipe materials, and emergency power connections for pump
stations.

The operating criteria primarily relate to maintaining and using existing facilities. Examples
of operating criteria include valve exercising, record keeping, and flushing.

4.3 Water Requirements

4.3.1 Water Use History

This section describes recent water use with Redmond and presents projections for future
water use. The projections are based on the population growth estimates presented in
Section 2 of this report.

4.3.2 Definition of Terms

Demand refers to total water use, the sum of metered consumption (residential, commercial,
governmental and industrial), unmetered uses (for example, fire fighting or hydrant
flushing), and water lost to leakage, reservoir overflow, and evaporation.

When discussing daily or annual water use, the terms demand and production are used
synonymously in this report. Both refer to all water supplied to the system, which is the
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sum of metered and unmetered use. Demand equals production because both terms refer to
all water that is delivered from the wells to the distribution system.

Metered use or consumption refers to the portion of water use that is recorded by customer
meters.

Connection refers to a metered connection to a customer of Redmond.

Unaccounted-for water refers to the difference between production and consumption.
Unaccounted-for water includes unmetered hydrant use, other unmetered uses, and water
lost to evaporation, reservoir overflow, and leakage. Meter inaccuracies (both production
and customer) also contribute to unaccounted-for water.

Specific demand terms include the following:

o Average day demand (ADD): total annual production divided by 365 days

e  Maximum day demand (MDD): the highest system demand that occurs in any single day
of a calendar year

e Maximum monthly demand (MMD): the highest monthly production during a calendar
year

e Peak hour demand (PHD): highest hourly demand that is experienced

MDD is an important value for water system planning. The wells must be capable of meet-
ing the MDD. If the MDD exceeds the combined supply capacity on any given day, storage
levels will be reduced. Consecutive days at or near the MDD will result in a water shortage.

The most common units for expressing demands are million gallons per day (mgd). One
mgd is equivalent to 695 gpm or 1.55 cubic feet per second (cfs). Units of million gallons
(MG) are also used.

4.3.3 Meter History

All of the city’s water customers have been metered since 1985. The earliest year of data
evaluated in this master plan for water requirements was 1975.

4.3.4 Average and Maximum Demands

After remaining nearly unchanged from the late 1970s through 1993, water use in Redmond
began to increase at a rapid rate in the mid-1990’s, corresponding to a period of rapid
population growth. Exhibit 4-9 displays the service population and ADD for 1977-2005.
Exhibit 4-10 and Exhibit 4-11 provide tabular and graphical data for the more recent period
of 1997-2005. The ADD nearly doubled during the period of 1993-2005. The highest value of
4.7 mgd occurred in 2004, though the 2005 value was almost equal at 4.6 mgd. The trend for
this period was an annual increase of approximately 0.20 mgd (200,000 gallons per day),
which represents a growth rate of approximately 5 percent.

Exhibit 4-10 also documents the MDD records for 1997-2005. These are shown graphically in
Exhibit 4-12. Over this 9-year period, the MDD has increased from 8.2 mgd (which occurred
in both 1997 and 1998) to a high of 10.9 mgd in 2005. The trend for the period has been an
increase of 0.34 mgd (340,000 gallons per day) per year.
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43.4.1 Seasonal Demands

Exhibit 4-13 displays monthly demand records from January 2000 through mid-2006.
Outdoor irrigation contributes to significantly higher demands in the summer months. The
average winter monthly demand for 2004-2005 (November through March) was 2.1 mgd,
while the average summer monthly demand for 2005 (May through September) was

7.4 mgd, or about three and one-half times the average for the winter months.

The MMD has occurred in July or August during the years 2000-2005. The MMD for 2005,
which occurred in August of that year, was 9.7 mgd. Since demand is equal to production,
by definition, this indicates that the average production from the city’s well during this
month was 9.7 mgd.

For 2000 through 2005, the water use during the five summer months (May through
September) has averaged 68 percent of the total annual use.

4.3.4.2 Peaking Factors

Peaking factors provide a further approach to characterizing the water use within the city.
As shown in Exhibit 4-10, the MDD:ADD peaking factor averaged 2.5 for 1997-2005. It
dropped slightly to 2.3 for the last 3 full years of record (2003-2005). This peaking is another
representation of the additional water use in the summer months for outdoor irrigation.

4.3.5 Per Capita Demands

Per capita values represent the total system demand divided by the service population.
Therefore, they include commercial, industrial, and governmental demands as well as
residential demands.

Exhibit 4-10 lists the per capita values based on the service population. Exhibit 4-14 displays
the per capita ADD values and Exhibit 4-15 displays the per capita MDD values.

The per capita ADD has gradually declined during recent years. The average for 2004 and
2005 was 240 gallons per capita day (gpcd). With greater emphasis being placed on
conservation, it is reasonable to estimate future demands using 240 gpcd even though most
of the recent years exceeded this value.

The per capita MDD has shown a more consistent decline over the years 1997-2005. The
average for the whole period was approximately 650 gpcd. However, the linear regression
indicates an annual decline of approximately 20 gpcd and the average for 2004-2005 was
550 gpcd.

For purposes of projecting future demands, the following per capita values (based on the
averages for 2004-2005) will be used:

e Per capita ADD =240 gpcd
e Per capita MDD = 550 gpcd

4.3.6 Consumption

Redmond tracks customer use according to the following three categories: single family
residential, multi-family residential, and commercial. Exhibit 4-16 and Exhibit 4-17 display
monthly consumption by these three categories for July 2003 through June 2006. Single
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family residential represents the majority of system use, ranging from 50 to 70 percent of the
total. The percentage of use by single family residential customers increases slightly during
the summer months. Multi-family residential customers use 10 to 15 percent of the total, and
commercial customers use 20 to 30 percent of the total.

4.3.7 Unaccounted-for Water

A comparison of the demand data with the consumption data provides a value for the
unaccounted-for water, which is the difference between production and metered use. The
percentage of unaccounted-for water equals the production minus the metered use, divided
by the production. The causes of unaccounted-for water may include meter inaccuracies,
evaporation, reservoir overflows, unmetered hydrant use, unmetered customer use, and

leakage.

Exhibit 4-18 illustrates the unaccounted-for water data for June 2003 through May 2006. The
data for the years 2004 and 2005 are summarized in Exhibit 4-19.

The monthly values have ranged from approximately -30 percent to +40 percent, with an
average of 12 percent. It is believed that the negative values occur because the meter
readings are not aligned exactly with the first and last days of each month. (The
consumption values were shifted back by 1 month to align more closely with the timing for
the production values, but this did not align the two sets of figures exactly.)

The amount of unaccounted-for water in calendar year 2004 was 317 MG, which was
18 percent of production. In calendar year 2005, these values were 238 MG or 14 percent.

The average of 12 percent for June 2003-May 2006 exceeds the Oregon Water Resources
Department’s (OWRD'’s) goal of 10 percent or less for unaccounted-for water for
municipalities. In addition, the city’s values for 2004 and 2005 averaged higher, at

16 percent. Because of this, the city will be required to develop benchmarks to reduce the
rate of unaccounted-for water when it develops a Water Management and Conservation
Plan. OWRD will require the city to submit a Water Management and Conservation Plan
when the city implements water rights actions, such as claims of beneficial use or transfers.
The city is working toward reducing the unaccounted-for water rate in advance of
preparing the plan. The city began to implement an automatic meter reading (AMR) in 2007,
a program that will provide specific information for tracking customer use patterns and
unaccounted-for water. The city also began to require hydrant meters when hydrants are
being used for construction.

4.3.8 Projected Water Demands

The approach to projecting water demands was presented in Section 2, with a summary of
projection criteria provided in Exhibit 2-2. The projections are based on an average per
capita use of 240 gpcd and a maximum per capita use of 550 gpcd. They assume a UGB
buildout population of 58,000 and that this population is reached in 2030.

Using these values, water demands in Redmond are expected to nearly triple from 2005 to
2030. The ADD is projected to increase from 5.0 mgd in 2005 to 14 mgd in 2030. The MDD is
projected to increase from 11.6 mgd in 2005 to 32 mgd in 2030. Exhibit 4-20 illustrates the
average and maximum day projections to 2030.
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4.4 Regulatory Review

Community water systems are governed by rules developed by the U.S. Environmental

Protection Agency (EPA) for implementation of the Safe Drinking Water Act Amendments.

Oregon, as a primacy state, is required to implement water quality regulations at least as
stringent as EPA’s rules. For the most part, Oregon has adopted identical regulations to
those at the federal level. Additional Oregon rules are highlighted in this section.

Because Redmond’s water system uses only groundwater, the only applicable regulations
are those related to groundwater and the distribution system. Redmond complies with all
current state and federal standards.

4.4.1 Groundwater Rule

All of Redmond’s water supply is obtained from groundwater. The city currently uses six
wells, with a seventh to begin service in 2007. All of the wells are considered to withdraw
from the same aquifer. The city’s groundwater source is subject to the recently adopted

federal Groundwater Rule. It was published in the federal register on November 8, 2006. It

requires the following actions:

1. Sanitary surveys. States must conduct sanitary surveys by December 31, 2012, for

community systems with groundwater sources to determine if the system has significant

deficiencies. The rule states that significant deficiencies “include, but are not limited to
defects in design, operation, or maintenance, or a failure or malfunction of the sources,

treatment, storage or distribution system that the State determines to be causing or have

the potential for causing the introduction of contamination into the water delivered to
consumers.” Although EPA received comments during the rule development that

indicated the word “potential” was too general and that the sanitary survey requirement

allowed for individual states to interpret the rule differently from one another, the

sanitary survey component was included in the final rule. The implications of this aspect

of the rule are uncertain because of the subjectivity that is involved.

Corrective actions, consisting of treatment improvements or wellhead improvements,
are required if significant deficiencies are identified. These deficiencies may either be

determined by the state during the sanitary survey process or based on the presence of

fecal coliform in source water sampling (see item that follows).

2. Source water monitoring. Additional source water sampling will be triggered if total
coliform bacteria are detected in the source water. The rule stipulates that a
groundwater system with a positive total coliform sample, unless it provides 4-log
treatment of viruses, must conduct sampling of each groundwater source for fecal

indicators (E coli, enterococci, or coliphage). The discussion of treatment to achieve 4-log

inactivation of viruses is provided below.

3. Treatment technique requirements. The rule requires groundwater systems to comply

with treatment technique requirements if a significant deficiency is identified during the
sanitary survey or if the system tests positive for fecal contamination during the follow-

up monitoring.

4. Compliance monitoring. If treatment is required, the water system must conduct com-

pliance monitoring to demonstrate treatment effectiveness.
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Redmond currently applies chlorine at each wellhead. However, some of the city’s wells
pump directly to customers, rather than through a storage tank first. Therefore, the contact
time between the point of chlorine addition and use of the water may be insufficient to
guarantee a 4-log inactivation of viruses, if this level of treatment was required. The
Groundwater Rule could impact Redmond’s system by requiring this level of treatment.
This possibility seems remote because the city has had no recent total coliform positive
samples, the wells are relatively deep and appear to have been constructed using proper
techniques to protect against contamination, and the state has not identified other concerns
in past sanitary surveys.

4.4.2 Distribution Regulations
4.4.2.1 State Requirements

Oregon’s drinking water regulations have requirements that indirectly relate to distribution
water quality, including backflow prevention program rules, operator certification rules,
and product acceptability criteria.

In general, the state’s rules govern the quality of water and not the manner in which it is
distributed. However, the rules do contain a limited number of standards with storage and
piping criteria:

¢ Distribution piping shall be designed and installed so that the pressure measured at the
property line of any user shall not be reduced below 20 pounds per square inch (psi)
(Oregon Administrative Rule [OAR] 333-061-0050(9)(e)).

e  Wherever possible, dead ends shall be minimized by looping. Where dead ends are
installed, blow-offs of adequate size shall be provided for flushing (OAR 333-061-
0050(9)(h)).

e  Wherever possible, distribution pipelines shall be located on public property. Where
pipelines are required to pass through private property, easements shall be obtained
from the property owner and shall be recorded with the county clerk (OAR 333-061-
0050(9)(a)).

e  Wherever possible, booster pumps shall take suction from reservoirs to avoid the
potential for negative pressures on the suction line, which could result when the pump
suction is directly connected to a distribution main. Pumps that take suction from
distribution mains shall be provided with a low-pressure cutoff switch on the suction
side set at no less than 20 psi (OAR 333-061-0050(8)(a, b)).

The state’s rules also include construction standards that must be met when new projects
are designed and constructed. Construction standards are found in OAR 333-061-0050.
Redmond generally complies with all of these standards. The recommended projects list in
this master plan includes some new pipelines to reduce the number of dead end lines.

4.4.2.2 Federal Regulations

Redmond complies with the following federal regulations related to water distribution:

e Total Coliform Rule (TCR) (1989)
e Lead and Copper Rule (1991)
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There is one new rule that regulates distribution water quality, the Stage 2 Disinfection By-
Product Rule (Stage 2 DBP Rule). This rule was promulgated in 2006.

Total Coliform Rule. The TCR’s primary goal is to maintain microbial quality in finished and
distributed drinking water supplies. Total coliform includes both fecal coliform and E. coli.
The maximum contaminant level goal (MCLG) for total coliform was set to zero. Compli-
ance with the maximum contaminant level (MCL) is based on the presence or absence of
total coliform in a sample (as opposed to coliform density as in previous rules). Redmond is
required to collect a minimum of 20 samples per month, based on its service population.
Redmond has complied with the TCR since its promulgation.

Lead and Copper Rule. The Lead and Copper Rule applies to all community water systems.
The rule developed MCLGs and action levels for both lead and copper in drinking water.
The major difference between this regulation and other distribution regulations is that the
water must be monitored at customers’ taps, not at sampling stations. Lead and copper
monitoring must initially occur every 6 months and twice each calendar year at locations
with the highest risk of contamination resulting from the following:

e Piping with lead solder installed after 1982
e Lead water service lines
e Lead piping in buildings and homes

For compliance, the samples at the customers’ taps must not exceed the following action
levels:

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

Redmond has consistently complied with the Lead and Copper Rule. Since 1993, the city has
conducted eight rounds of sampling. The highest 90th percentile concentration for lead was
0.0031 mg/L, well below the action level of 0.015 mg/L. The highest 90th percentile copper
concentration was 0.09 mg/L, well below the action level of 1.3 mg/L.

Because of compliance with the lead and copper action levels, Redmond is on a reduced
sampling schedule. Repeat sampling is required only every 3 years.

Stage 2 Disinfection By-Product Rule. The purpose of the Stage 2 DBP Rule is to reduce peak
disinfection byproduct concentrations in the distribution system and eliminate areas where
customers receive excessive levels of DBPs. DBPs include trihalomethanes (THMs) and
haloacetic acids (HAA5). The concentrations of DBPs fluctuate based on changes in raw
water quality, variations in treatment, chlorine concentrations, and water age, and have
been found to vary geographically in distribution systems. Previous rules governing DBPs
determined compliance based on an average for samples collected throughout the dis-
tribution system. This averaging meant that some geographic locations could occasionally
or even regularly exceed the MCLs for DBPs, and yet the system remained in compliance.
The Stage 2 DBP Rule eliminates this possibility by requiring compliance at all geographic
locations. The rule requires the following;:

e Completion of an initial distribution system evaluation (IDSE) to determine sites with
high DBPs. This evaluation report is due 2 years following promulgation of the final
rule. Redmond has applied for a waiver, titled 40/30 certification, which reduces the
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amount of monitoring required for the IDSE. To qualify for 40/30 certification, every
individual sample taken during Stage 1 monitoring must have total trihalomethane
(TTHM) concentrations < 40 ng/L, and five regulated total haloacetic acids (HAADS)
concentrations < 30 pg/L. Redmond should qualify for this 40/30 certification because
the highest values measured to date are 7.4 pg/L for TTHMs and 1.5 ng/L for HAAS.

e Compliance with TTHM and HAA5 MCLs of 80 and 60 pg/L, respectively, based on a
locational running annual average (LRAA). Average concentrations of TTHMs and
HAADSs at each sampling site must comply with the MCLs. Compliance will be in two
stages. Stage 2A allows for relaxed MCLs at each location. Stage 2B, which is proposed
to begin 6 years following promulgation, will require compliance with the current MCLs
of 80 nug/L for TTHMs and 60 pg/L for HAAS5s at all locations. Redmond should comply
with these requirements based on the historically low values that have been measured in
the system.

4.5 Supply Analysis
4.5.1 Water Supply Description

Before 1988, the City of Redmond obtained drinking water from a combination of surface
water and groundwater sources. In 1988, the city converted its system to obtain 100 percent
of its drinking water supply from groundwater wells completed hundreds of feet deep.

The city’s groundwater supply is composed of six production wells, with a seventh to begin
operation in 2008. Exhibit 4-21 provides a description of the main features of the city’s wells.
Water well reports or drilling logs are included for Wells 1-7 in Appendix E. The well
locations are shown in Exhibit 4-3. The wells have generally been sited to minimize
interference with one another and to provide water throughout the distribution system.
Their locations were also selected based on property ownership and availability.

The wells range in depth from 330 to 860 feet below ground surface (bgs) in a highly
permeable volcanic and sedimentary sequence known as the Deschutes Formation. The
oldest well in the system, Well 1, was drilled in 1969 and is the shallowest well (330 feet
deep) in the system. According to the water well report for this well, the surface seal is

1 inch in thickness, which does not meet the current well construction standards of a 2-inch
minimum seal thickness. It also has a lower production rate (approximately 800 gpm) than
other wells in the system. This is likely because of its relatively shallow depth. In contrast,
the most recently drilled well, Well 7, completed in 2006, is 862 feet deep and pump tests
conducted on this well indicate it can yield up to 3,000 gpm and possibly more.

The surface facilities at each well location consist of a pump house that encloses the
automated controls, mechanical systems, and chlorination systems. The chlorination
systems are housed in separate rooms containing 150-pound gas cylinders. In normal
operations, wells are cycled on and off to meet system demands. During start up periods,
water produced in the first few minutes after the wells are operating, is pumped to waste
into dry wells located outside the pump houses.

Based on a review of Oregon water well reports and a tour of the facilities, all of the city
wells appear to be in good condition and suitable for continued use.
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4.5.2 Well Production History

As illustrated in Exhibit 4-22, Wells 3, 4, and 5 have contributed the majority of the water to
the system since 1999. The operators manually select the active wells, which then start and
stop based on reservoir levels and pressures within the system.

45.3 Water Rights

45.3.1 Introduction to Oregon Water Law

Under Oregon water law, with few exceptions, the use of public water (both ground and
surface water) requires a water right permit from the OWRD. The administration of water
rights by OWRD is based on the doctrine of prior appropriation. Under this doctrine, in
times of shortage the first person to have obtained a water right permit (the senior
appropriator) is the last to be limited in low water conditions. The date of application for the
water right permit usually establishes the “priority date” or place in line of an appropriator.
In water-short times, the senior appropriator can demand the full amount of their water
right regardless of the needs of junior appropriators. If there is surplus beyond the needs of
the senior appropriator, the next most senior appropriator can take as much as needed to
satisfy their right and so on down the line until there is no surplus. A state officer (OWRD
Watermaster) oversees which junior appropriators must stop using water so that senior
users can be satisfied.

In addition to monitoring water uses to protect senior water rights, OWRD seeks to
conjunctively manage the state’s surface water and groundwater users. In many areas
groundwater and surface water interact — using one source may impact users of another.
Where a junior groundwater appropriator may impact a senior surface water appropriator
(due to quantified pumping impacts on the surface water source) OWRD may have
authority to regulate the junior groundwater appropriator. In the Deschutes Basin, this
comes into effect largely through OWRD'’s effort to protect surface water rights designated
to protect fishery resources in the Deschutes River and its tributaries (instream water rights)
and streamflows established to meet the objectives of the Deschutes River State Scenic
Waterway. Under current OWRD rules, new groundwater uses in a large portion of the
Deschutes Basin (including the Redmond area) require mitigation to off-set potential
impacts to surface water flows on the Deschutes River and its tributaries.

The right to use water is first granted in the form of a water use permit. The permit
describes the priority date, the amount of water that can be used, the location and type of
water use, and often a number of water use conditions. The permit allows the water user to
develop the infrastructure needed to put the water to full beneficial use. When the report of
beneficial use, called a Claim of Beneficial Use (COBU), is approved by OWRD, a water
right certificate is issued confirming the status of the right. Obtaining a water right
certificate is the best way to ensure the protection of the use. Municipal water use
certificates are not subject to cancellation due to non-use.

Water right permits typically have timelines for making full beneficial use of the water. If
more time is needed than provided in the permit, the permit holder may request an
extension of time from OWRD. In the past, extensions of time were routinely granted by
OWRD. Under current rules, an extension of time may involve an analysis of what would
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happen to state and federally listed fish species if the undeveloped portion of the permit
were to be used.

There are two different application processes that allow modification of a water right. When
a water right is in the permit phase (still being developed), through an application for a
permit amendment, the permit holder may modify the water use by changing the location of
use and the point where water is appropriated. Under a water right certificate, through an
application for a water right transfer, the water right holder can modify the location of use,
the point where water is diverted and the type of use made under the water right.

45.3.2 City of Redmond Water Rights

The City of Redmond holds several water rights that authorize the use of groundwater,
surface water, and water stored in the city’s sewage effluent storage reservoir. Overall,
based on its water rights and water sources, the City of Redmond appears to have a
favorable water supply outlook. Exhibit 4-23 provides a summary of these water rights and
their current status.

45.3.3 Existing Municipal Use Groundwater Water Rights

As described above, the city uses groundwater for 100 percent of its municipal water supply
needs. Under currently-held municipal use groundwater permits and certificates, the city is
authorized to appropriate 8,920 gpm or 12.84 million gallons per day. These water rights
authorize the city to use a variety of wells, and, depending on the specific water right, allow
use of a combination of Wells 1 through Well 6. Over time, steps have been taken to add
additional wells to the city’s existing water rights to ensure the maximum development of
the water rights and to provide flexibility in how the city appropriates and delivers water.
For example, a recent water right transfer (T-10162) added Well 6 to certificates 80232 and
80233 and permit amendment application T-10163 proposes to add Well 6 to permit
G-12401.

A comparison of the capacity of Wells 1-7 (approximately 19.4 mgd) to the amount of water
authorized under existing municipal use groundwater rights (12.84 mgd) indicates that the
city is limited by water rights and not well production capacity. The city’s recent maximum
day demand of nearly 12 mgd is approaching the 12.84 mgd water rights limitation. The city
has taken steps to address this by submitting new municipal use groundwater permit
applications.

The city’s existing municipal use groundwater permits and certificates vary in priority date
from September 5, 1969, to November 25, 1991. None of these existing rights are subject to
OWRD’s mitigation requirements in the Deschutes Basin. The most junior (that is, the
newest) of these permits (permit G-12401, priority date November 25, 1991) does contain a
condition that may allow OWRD to regulate the use in favor of the Deschutes River State
Scenic Waterway flows. However, this condition (which is in several permits in the basin)
has not been implemented by OWRD to date.

Given the relative seniority of the city’s existing water rights, and as described below in
more detail, the stable and sustainable aquifer in the Redmond area, it is unlikely that the
city’s existing municipal use groundwater rights will be subject to regulation by OWRD for
senior users.
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As seen in the water right summary, Exhibit 4-23, the majority of the city’s municipal
groundwater water rights are in the midst of one regulatory process or another at OWRD,
ranging from the potential need for an extension of time to needing a Claim of Beneficial
Use approved and a certificate issued. The greatest protection afforded by Oregon water
law lies in obtaining water right certificates, which lock-in the city’s place in the water
appropriation line and its privileges as a municipal water provider. Therefore, all water
right processes should be diligently tracked and completed by the city to ensure the
protection of its existing water rights.

45.3.4 Pending Municipal Use Groundwater Water Right

The city’s maximum day demand reached 11 mgd in 2007, which is approaching its
groundwater water rights limit of 12.84 mgd. In anticipation of the need for additional
water rights capacity, in January 1999, the city submitted Application G-14908. Application
G-14908 requests the use of 25 cfs (16.16 mgd) for municipal use within the City of
Redmond. The application proposes a combination of existing well capacity associated with
Wells 1-7 and future Wells 8-11. As described in Subsection 4.5.4, the aquifer serving the
city appears to have sufficient capacity to support development under Application G-14908.
OWRD was still reviewing the application in November 2007 when this plan was being
completed. It is expected that the permit will be issued in the spring of 2008. Application G-
14908, in combination with the city’s existing permits and certificates, will provide the city
with 29 mgd of water rights capacity.

Application G-14908 is subject to OWRD's Deschutes Basin Groundwater Mitigation rules,
which means that prior to permit issuance the city will need to provide mitigation to off-set
potential groundwater pumping impacts on the Lower Deschutes River. Under OWRD's
mitigation rules, holders of municipal water use permits can either provide mitigation all at
once or provide it incrementally to coincide with incremental permit development. As part
of Application G-14908, the city is required to have an approved mitigation plan on file with
OWRD that describes where mitigation will come from and the planned amounts and
timing of mitigation.

Mitigation is typically provided through the transfer of irrigation water rights to instream
use. The city’s proposed mitigation will come from a combination of city-held surface water
irrigation rights and surface water irrigation rights acquired through the Central Oregon
Water Bank, a partnership between Swalley Irrigation District, Central Oregon Irrigation
District (COID), the Deschutes River Conservancy, and several mitigation buyers including
the City of Redmond. Under the current mitigation rules, mitigation is based on the
consumptive use portion of the proposed use, measured in acre-feet. Therefore, new
groundwater permits in the Deschutes Basin that provide mitigation are generally not
subject to regulation in favor of senior surface water users or the Deschutes River State
Scenic Waterway.

4535 Mitigation Requirements?

A joint study of ground water resources in the upper Deschutes Basin by OWRD and the
U.S. Geological Survey (USGS) determined that there is a direct hydraulic connection

1 The information in this subsection was substantially provided by Newton Consultants, Inc., via their email (November 2007)
to the City of Redmond, and is used with permission.
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between groundwater and surface water within the Deschutes Groundwater Study Area
(Gannett et al., 2001). The OWRD concluded that groundwater uses within the study area
have potential for substantial interference with surface water rights and will measurably
reduce scenic waterway flows unless mitigation is provided in accordance with the Oregon
Administrative Rules Chapter 690, Division 505.0600. Groundwater permit applications
filed with the OWRD after 1995 must therefore account for mitigation requirements in
accordance with OAR 690.505.0600.

Mitigation is intended to offset the impacts of groundwater withdrawals on surface water
flows. Mitigation can be accomplished by obtaining mitigation credits or by implementing a
mitigation project that generates and transfers mitigation water to instream use.

A mitigation credit is a unit of measure to account for mitigation water, in acre-feet, made
available by a mitigation project. One mitigation credit is one acre-foot of mitigation water.
Mitigation credits can be purchased from the Deschutes Water Exchange. OWRD awards
1.8 mitigation credits (1 acre-foot = 1 mitigation credit) per acre of irrigation water right.
Mitigation credits are determined and awarded by the OWRD according to OAR 690-521.
Mitigation does not apply to the total volume of groundwater withdrawn from an aquifer.
The mitigation obligation is determined according to the amount of a ground water
withdrawal that is actually consumed (consumptive use).

Consumptive use is the OWRD’s determination of the amount of a groundwater use that
does not return to the hydrologic system in the Deschutes Basin. Consumed groundwater is
water that is lost to the basin through transpiration, evaporation, or movement to another
basin. Consumptive use is determined by multiplying a consumptive use factor times the
total annual volume of groundwater to be beneficially used under a ground water permit.
The consumptive use factor generally applied by OWRD to average, year-round municipal
and quasi-municipal use is 40 percent. A factor of 40 percent is the consumptive use factor
in OWRD's Proposed Final Order for Redmond’s water right application G-14908.

The City of Redmond’s calculated consumptive use in 2005 and 2006 was 49 and 50 percent,
respectively. These figures are derived from the city’s monthly well water production,
wastewater flow, and the reclaimed water use data for the 2005 and 2006 water years shown
in Appendix F. These are preliminary calculations. Based on further discussions with
OWRD, a factor ranging from 40 to 50 percent may be applied to application G-14908.

Any proposed new ground water permit issued by OWRD will require mitigation to offset
potential groundwater pumping impacts. Therefore, the City of Redmond will need to
provide mitigation for groundwater withdrawals under new permits that will allow
withdrawals to exceed 12.84 mgd, the city’s capacity under its current water rights.

As illustrated in Exhibit 4-13, the city’s water use varies significantly according to season.
The maximum day demand, which occurs in July or August, may be four times the
minimum use during the winter months. Water rights must be sufficient to meet the
maximum day demand. The city’s projected maximum day demand in year 2030 is
approximately 32 mgd. This value slightly exceeds the sum of the city’s existing water rights
(12.84 mgd) plus permit application G-14908 (16.16 mgd), which together total 29.00 mgd.

The mitigation obligation is based on the annual production under the water right. For
example, if the city withdrew 5,000 acre-feet under permit G-14908, the mitigation
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obligation would be 2,500 acre-feet (or 2,500 mitigation credits) based on a consumptive use
factor of 50 percent. In this case, the corresponding number of irrigation water rights that
would be needed (based on 1.8 mitigation credits per acre of irrigation water right) would
be 1,389 acres.

The city currently holds 1,106 acres of surface water rights with the COID and plans to
transfer these water rights to instream use in order to provide mitigation for water
withdrawals under new permits. With respect to the preceding example, the city would be
able to meet 1,106 acres of its mitigation obligation by means of these surface water rights,
leaving 283 acres (1,389-1,106+283) that would require additional mitigation purchases. The
true mitigation purchase required depends on the final consumptive use factor and actual
demands within the city.

45.3.6 Other City of Redmond Water Rights

In addition to the municipal use groundwater rights described above, the city holds existing
surface water rights for approximately 339 acres of irrigation and 767 acres for municipal
uses via the COID. The city also has a pending groundwater application for irrigation of
94.2 acres and municipal use at the Juniper Golf Course. Permit issuance for this application
will be contingent upon the city providing mitigation under OWRD’s mitigation rules for
the Deschutes Basin. Finally, the city holds a municipal use surface water right (Certificate
2016, priority date April 22, 1912) that authorizes the use of up to 2 cfs (1.29 mgd) from the
Deschutes River.

4.5.4 Description of the Aquifer

All of the city wells are completed in a thick sequence of interbedded volcanic lava flows
and sediments known as the Deschutes Formation. This sequence is composed of highly
permeable volcanic and sedimentary deposits that are the most highly used groundwater
bearing units in the Deschutes Basin (Gannett and Lite, 2004). The geology of the Deschutes
Formation may vary locally, but overall, the high permeability of the geologic materials
makes it a reliable aquifer. The consistently high well yields from the city’s wells reflect the
uniform productivity of this geologic formation. The most significant factor controlling well
yield in the Redmond area appears to be the depth of the wells.

The hydraulic characteristics of the city wells have been estimated by pumping tests
conducted at Wells 3 and 4. A pumping test at Well 3, documented by the United States
Geological Survey (Gannett et al. 2001), consisted of pumping the well at approximately
1,100 gpm for 3 days and monitoring the response in the pumping well and an observation
well located 350 feet away. After three days of pumping, the drawdown in the observation
well was less than 0.2 feet, and the measured drawdown in the pumping well also was low
and dominated by well losses. The resulting analysis of the tests at Wells 3 and 4 provide
estimated transmissivities from 10 to 10° feet?/day, and storage coefficients in the range of
10-2. The storage coefficient values are questionable given minimal drawdown measured in
the pumping tests. Regardless, the hydraulic parameters for the aquifer are consistent with
the geologic materials and reflect the high permeability of the aquifer and the resulting high
well yields.
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45.4.1 Groundwater Recharge and Flow

Groundwater in the Deschutes Basin is recharged primarily by infiltration of precipitation
(rainfall and snowmelt), leakage from canals, infiltration of irrigation water that has
percolated below the root zone, and leakage from streams. Additionally, stormwater
drainage wells are commonly used to manage stormwater runoff. The volume of recharge
from these drainage wells is not significant compared to other recharge sources; however
this water could affect groundwater quality because of chemicals in urban stormwater
runoff related to street and parking lot runoff, fertilizers, and pesticides.

Groundwater flow maps compiled by the USGS (Gannett and Lite, 2004) indicate the
general direction of groundwater flow beneath the city is westerly toward the Deschutes
River. The hydraulic gradient appears to be very low in this area because of the high
permeability of the aquifer materials, the relatively flat topography, and the distance from
significant recharge areas such as Newberry Crater and the Cascade Mountains. On a
localized scale, this general flow pattern may be modified by recharge from canal leakage,
groundwater pumping, and changes in formation permeability.

45.4.2 Groundwater Fluctuations and Long-Term Water-Level Trends

Groundwater levels in the Deschutes Basin fluctuate in response to seasonal and long-term
variations in natural recharge, canal leakage, and operation of pumping wells. In managing
the groundwater resource, it is important that that water-level trends are evaluated to
identify whether groundwater levels are stable or declining. Declining groundwater levels
may indicate that groundwater withdrawals exceed recharge rates, which could affect the
long-term sustainability of the groundwater supply.

At this time, there are no data that indicate long-term water-level declines are occurring.
The USGS reports that water levels in the Bend and Redmond area show no influence from
groundwater pumping (Gannett, et al. 2001). Large amounts of groundwater in these areas
are pumped, yet no pumping-related seasonal or long-term trends are apparent in
observation wells. It is likely that pumping impacts are low and are masked by the effects of
canal leakage and natural variability of recharge.

45.4.3 Groundwater Quality

Groundwater quality from the Redmond wells is excellent with no reports of taste or odor
problems. A comprehensive water quality study of the Upper Deschutes Basin included a
sample from the Redmond area (Caldwell et al., 1997). The results indicate low groundwater
temperatures (52°F), and low total dissolved solids and hardness. Routine sampling
conducted by the city confirms published findings that natural groundwater quality is high
and well suited as a public water supply.

City staff indicated that water pumped from Well 2 degases (bubbles) when it reaches
atmospheric pressures. Testing conducted by the city indicates that the water is releasing
oxygen and it is not methane or other gases. This condition is typically caused by cracks or
leaks in pump columns; however, the city reports this has occurred since the well was first
put in service and has not decreased with pump replacements. Regardless of the source of
the air bubbles, the city should be aware that entrained air in a piping system may cause
excessive corrosion of piping.
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A source water assessment report for the city was completed in May 2005 by the Oregon
Department of Human Services Drinking Water Program and Oregon Department of
Environmental Quality Water Quality Division. This report provides information on the
wells and aquifer conditions that are used to reach conclusions about the susceptibility of
the drinking water source to contamination. The findings indicate that Wells 1, 2, and 3 are
considered highly sensitive to contamination. This determination was made because of the
following factors:

e Substandard surface seal thickness at Well 1
¢ Unconfined nature of the aquifer and high permeability of the overlying soils

e Detections of low concentrations of organic compounds measured in 1993
(chloroethylene in Well 2 and dichloromethane in Well 3)

e Occurrence of nitrate, below the MCL but above typical background levels, at Wells 1
and 2

Additionally, the city reported that a low concentration of chloroethylene was also
measured in Well 7 during the water quality sampling that was conducted following
completion of the well drilling in 2006.

All chemical detections have been below applicable drinking water standards and have not
been considered health concerns. However, the presence of these chemicals in groundwater
indicates recharge from a nearby, human-influenced surface source and suggests that wells
may be subject to surface contamination.

Because of the highly permeable nature of the geologic materials in the Redmond area and
the apparent lack of a protective confining layer above the aquifer, the aquifer is vulnerable
to potential contamination from leaking fuel tanks, stormwater injection wells, industrial
activities, and agricultural activities in the vicinity of or upgradient of the wells. The state’s
evaluation concluded that at least some wells are highly susceptible to surface
contamination.

45.5 Supply Conclusions and Recommendations

The existing wells operated by the city provide an excellent long-term public water supply.
The aquifer that provides groundwater to the city’s wells is large in areal extent and is
highly permeable. Annual recharge to the aquifer is high and measurements of long-term
water level trends by the USGS show no apparent declines in groundwater levels that
would suggest water is being over-appropriated. Additionally, the quality of water is
excellent and highly suited as a public water supply.

Based on the research completed for this water master plan, no critical near-term
improvements were identified. However, the following management actions are
recommended to help protect both the quantity and quality of this valuable water supply:

1. Develop and implement a drinking water protection plan to reduce the potential for
contamination of the groundwater supply. As described in the preceding paragraphs,
the city’s wells are susceptible to surface contamination. The city’s groundwater supply
is a critical and valuable resource — it is incumbent upon the city to initiate protective
actions to minimize the potential for negative water quality impacts to this supply. Past
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detections of trace levels of organic contaminants coupled with the state’s assessment
that at least some wells are highly susceptible to surface contamination underscore that
preemptive actions by the community are of paramount importance. Groundwater
protection plans include strategies that focus on public education and implementation of
best management practices (BMPs) for businesses, households, and stormwater
management. Examples of BMP categories include:

¢ Employee education on spill response

e DPollution prevention tax credits to encourage responsible behaviors by commercial
facilities

e Investigation of privately held wells located in and near the city, particularly those
up-gradient of the city’s wells, to determine whether they pose a potential pathway
of contamination into the aquifer. If they are abandoned, make sure that
abandonment has been performed in accordance with state regulations.

¢ Household hazardous waste collection to encourage responsible behaviors by
citizens

e BMP fact sheets for businesses (dry cleaners, auto repair shops, and other potential
sources of pollutants)

In developing its groundwater protection plan, Redmond should recognize that the time
of travel map provided by the Oregon Drinking Water Program may imply a greater
level of certainty than can be reasonably asserted from the data and approach used to
develop the map. The time of travel bands are shown to be quite narrow. In reality, the
2-year, 5-year, and 10-year influence areas may be much larger. This uncertainty has
implications for the land use activities in the influence zones and the actions that the city
might undertake to protect its groundwater resource. Protective actions should extend
beyond the narrow bands shown on the time of travel map.

The State of Oregon currently does not require a formal protection program. However,
many communities in Oregon are implementing these programs on a voluntary basis.
Communities that have developed drinking water protection strategies include
Medford, Portland, Salem, Sandy, and Springfield.

2. Implement a water level monitoring program at non-pumping wells in the Redmond
vicinity to track long-term groundwater level trends. While there is no empirical
evidence that water levels are declining in the Redmond area, early detection of such
trends is critical to implement management actions to prevent significant declines.
Declining groundwater levels may become a local and regional concern as recharge from
the irrigation canals is reduced by the replacement of canals with pipelines. At a
minimum, water levels should be measured and recorded semi-annually (in the fall and
spring) at three to four locations within the city to understand the seasonal fluctuations
caused by recharge and withdrawals.

4.5.6 Planned Expansion of the City’s Groundwater Supply

The city plans to incrementally expand its well supply to meet projected growing demands.
This is illustrated in Exhibit 4-24, which displays both firm and total well production
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capacity compared to the projected maximum day demand. Firm capacity represents the
total capacity minus the production from largest single well (as of 2007, Well 5 at

3,000 gpm). It is recommended that the city use firm capacity as the basis for planning new
additions, as shown on this chart, because it is reasonable to expect that one well may be off-
line for mechanical repairs or other reasons. With seven (and eventually, more) wells, it
cannot be assumed that all wells will be available 100 percent of the time. The firm capacity
planning approach also provides the city with a backup plan should contamination be
found in a well. This would allow the city to remove such a well from service while still
having capacity to meet demands within the city.

Following completion of Well 7 (scheduled for 2008), the expansion plan identifies that the
next increment of supply will come from replacing Well 1 with a new well (Well 8) at the
same location. Well 8 should be drilled to a depth of approximately 600 to 800 feet and
constructed with a 16-inch well casing. It is recommended the outer annulus is sealed to a
depth of at least 300 feet. To meet projected demands, Well 8 should come on line by 2011.

Well 9 is needed by 2015. The planned location for Well 9 is near the school site in the
southwest area of the city, near SW Elkhorn Avenue and SW 434 Street. This location is
strategic from the standpoint of providing fire flows to this area. The area is somewhat
isolated topographically, because of Forked Horn Butte, and it would otherwise be
expensive to install a looped pipe system with sufficient capacity to meet fire flows.

As indicated in Exhibit 4-24, Wells 10, 11, and 12 will be needed to provide adequate supply
to meet UGB buildout demands. These wells are needed by 2020, 2024, and 2027,
respectively, to meet the projected maximum day demand. It is anticipated that at least
Well 10, and possibly Well 11, will be located on the west side of Dry Canyon to increase the
supply on that side and to reduce the need for additional pipe connections across the
canyon. Locating Wells 10 and 11 on the west side of the canyon will increase system
reliability since the west side will not be so dependent on Wells 2-6, which are all located
east of the canyon.

The exact well locations can be flexible, dictated by factors such as the location of growth
within the city, property availability, wellhead protection zoning and concerns, location of
distribution mains, and hydrogeologic factors. The city should, however, purchase well sites
many years prior to the projected dates for when the wells are needed to obtain sites that are
favorable for meeting these criteria.

4.5.7 Water Supply References

Caldwell, R.R. and Triune, M. 1997. Groundwater and Water Chemistry Data for the Upper
Deschutes Basin, Oregon. U.S. Geological Survey Open File Report 97-197.

Gannett, M.W. and Lite, Jr., K.E. 2004. Simulation of Regional Groundwater Flow in the Upper
Deschutes Basin, Oregon. Water Resources Investigation Report 03-4195.

Gannett, M.W,, Lite, Jr., K.E., Morgan, D.S. and Collins, C.A. 2001. Groundwater Hydrology of
the Upper Deschutes Basin, Oregon. Water Resources Investigation Report 00-4162.

Lite Jr. K.E., and Gannett, M.W. 2002. Geologic Framework of the Regional Groundwater Flow
System in the Upper Deschutes Basin, Oregon. Water Resources Investigation Report 02-4015.
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4.6 Distribution System Analysis

The distribution system was evaluated under existing and future conditions using a
hydraulic modeling software package. A hydraulic model is an electronic representation of
the pipe and facilities included in a distribution system. The model is used to predict flows
and friction losses in pipes along with pressures and hydraulic grades at different points in
the system.

4.6.1 Model Development

The city has made a significant investment in developing geographic information system
(GIS) layers for its infrastructure over the past few years. The GIS pipe layer was used as the
base source of data to construct the hydraulic model. The city’s hydraulic model runs in an
EPANet (United States Environmental Protection Agency public domain software) based
environment, which is the industry standard. The city’s model includes all pipes with the
exception of hydrant and service laterals.

Demands were allocated to the model under existing conditions by linking customer meter
records to the actual meter locations and assigning that demand to the nearest model node.
MDDs were developed using historical system information for peak daily production.
PHDs were estimated by using available historical data. Future demands were developed
by projecting the UGB buildout population and then allocating where that growth was
going to occur both within the existing service area and within the urban growth boundary.
Significant growth is expected on the west and southwest portions of the city between 2006
and the UGB buildout, which is projected to occur in 2030.

Elevations were assigned using 2-foot contour information available for the city’s service
area. Information was collected for each facility and input into the model. This information
included well groundwater levels, pump curves at boosters and wells, reservoir dimensions,
pressure reducing valve sizes and settings, and operational set points at pumps.

4.6.2 Model Calibration

One of the critical steps in the development of a hydraulic model is that of calibration,
which is done to ensure that the modeled conditions and results match the actual conditions
and results. For calibration, the field pressures and flows are compared with model
predicted pressures and flows. This process often identifies incorrect pipe diameter data and
locations where pipe layouts are incorrectly represented. It can also be a good indicator of
where closed or partially closed valves might exist in the system. Pipe friction factors are
sometimes adjusted based on pipe size and material in order to get agreement between the
model and field.

Calibration of the Redmond water system model was accomplished through the joint efforts
of city and CH2M HILL staff. Pressure and flow data were collected during the summer of
2006 to supplement available data. In general, the model predicted very similar pressures
and flows compared to those measured in the field. This analysis is documented in
Appendix F.
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4.6.3 Model Analysis

The model network was analyzed for existing (2006) and for UGB buildout conditions for
ADD, MDD, PHD, and fire flow demands. The UGB buildout to a population of
58,000 people is expected to be reached in 2030.

As illustrated in Exhibit 4-1, the distribution system is divided into three primary service
zones. The largest is Zone 2, where all wells and reservoirs are located. There is also an
upper zone serving Forked Horn Butte customers and two smaller zones fed by pressure-
reducing valves (PRVs) on the north end of the system.

The city’s water distribution system consists primarily of a 12-inch grid with some larger
16- and 18-inch transmission mains and many smaller 4-, 6-, and 8-inch pipes serving local
customers. As mentioned previously, Zone 2 serves the majority of the system and all wells
and reservoirs are located in that zone. In general, the city has developed a 12-inch pipe grid
that connects the reservoirs and wells and allows for good redundancy and transmission
capability within the system.

Two barriers to the movement of water exist in the system. The first and most significant is
Dry Canyon that runs north to south through the middle of the service area. Dry Canyon’s
location has resulted in limited east to west pipes. The city currently has four crossings of
12 inches or greater, which provide adequate flow capacity. However, all existing wells are
located in Dry Canyon or to the south or east of it. Future well development is targeted for
the west side of the city, which will provide additional redundancy for that area.

The second restriction is the railroad that runs north and south and generally parallel to
Highway 97. The city pipes that cross the railroad tend to be smaller because they are older
pipelines that were installed when fire flow requirements were lower. As in the case of Dry
Canyon, additional well locations on the west side of the city will help reduce the need for
additional railroad crossings in the future. The city has plans to replace the small diameter
pipeline that crosses the railroad near Antler Road and Evergreen Street with a 12-inch line
in 2007.

The downtown core also contains some older, undersized pipelines from the same time
when fire flow requirements were lower. The pipeline grid in this area will be strengthened
by a new north-south pipe along 9th Street and some localized fire flow improvements.

4.6.4 Existing Conditions (2006) Modeling Results

The results of the hydraulic analyses show that during existing ADD and MDD conditions,
the majority of the customers’” service pressure is greater than 35 psi, thus meeting the
minimum service pressure requirements. Exhibit 4-25 presents the modeling results for
existing (2006) MDD conditions. The areas with pressure lower than 35 psi are around tanks
where few customer connections exist. Many locations in the system exhibited pressures
greater than 80 psi under all conditions. High pressures in the area north of Maple Avenue
will be addressed by installing a PRV at Northwest 19th Street and Maple Avenue.

The PHD analyses indicated that some areas will experience low pressures (less than 35 psi)
but only in a small area in Pressure Zone 1, west of the Forked Horn Butte Tank, east of SW
Cascade Vista Drive, and North of SW Yew Lane. The minimum service pressure in this
area was 25 psi. The primary cause for the low pressure is the elevation of this area
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compared to the hydraulic grade line of the pressure zone and not head loss in the
transmission mains. This area is served by variable speed pump stations that could be
adjusted to provide a higher set pressure. However, customers on the lower edges of the
zone could experience pressures higher than 90 psi if this change is made. No current plans
are in place to address the isolated low or high pressure areas.

No pipes exceeded the maximum velocity criteria during ADD, MDD, or PHD 2006
conditions.

4.6.5 Future Conditions (UGB Buildout) Modeling Results

The future service area and future pipeline grid is presented in Exhibit 4-26. The new areas
will be served by a proposed grid of 12- and 16-inch piping as shown in the exhibit.

From existing demands, a typical consumption for each land use type was developed. This
water consumption was applied to undeveloped and future service areas using the
proposed land use.

The future supply assumptions are listed in Exhibit 4-27. Future ADD conditions show
adequate service pressure for all service connections (greater than 35 psi) with the exception
of those described in the existing conditions discussion. The minimum service pressure
located in a small upper portion of Pressure Zone 1 is lower than 30 psi. No plans are
currently in place to increase pressure in Pressure Zone 1 because this would produce
higher pressures in the lower portions of the zone. The results for the UGB buildout MDD
conditions are presented in Exhibit 4-28. No pipes exceeded the maximum velocity criteria
during ADD, MDD, or PHD for this future scenario.

4.6.6 Fire Flow Analysis

The hydraulic model was used to determine the maximum available fire flow at hydrant
locations, maintaining a minimum pressure of 20 psi through the system during MDD
conditions for existing and future demands. All available system supplies were used as
needed, depending on where the fire flow location was being evaluated in the system. The
single pump connected to the distribution system at the Antler Booster Station Facility was
operated during the fire flow analysis.

The city’s criteria for fire flow are 1,500 gpm in residential areas, 2,500 gpm in commercial
areas and areas with schools, and 3,500 gpm in industrial areas. Exhibit 4-29 shows the fire
flow requirement for existing and future service areas.

During fire flow simulations, some areas within the system failed to meet the fire flow
requirements. Exhibit 4-30 presents the maximum fire flow available (while maintaining

20 psi during MDD conditions) for existing and future conditions. No additional areas of
fire flow deficiency were identified under future conditions. In general, the existing water
system is capable of providing adequate fire fighting protection in most areas. A few
exceptions exist, such as the downtown core that has older, smaller piping with commercial
fire flow requirements. The locations of the areas where the required fire flows were not met
are also presented in the exhibit.

All fire flow deficiencies were evaluated with a number of potential improvements to
address those issues. Fire flow improvements were prioritized within the capital
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improvement plan based on the magnitude of the deficiency and the number of customers
that are impacted. If all capital improvement projects that have been identified as part of
this analysis are implemented, the city’s fire flow criteria will be met at all locations.

4.6.7 Recommended Distribution System Improvements

The city’s mission is to ensure adequate and reliable supply to all customers, in a cost-
effective manner. The distribution system evaluation indicates that the city has done an
excellent job in terms of providing adequate pumping, storage, and pipelines. This section
describes the specific distribution projects that are proposed over the next 20 years that will
enable the city to continue to provide reliable service.

Exhibit 4-31 provides a map of the system showing the proposed projects. The facility
locations shown on this map are approximate. The city may revise the locations and also the
facility sizes based on property ownership, conflicts with other utilities, development
patterns, or other factors that are in the city’s best interests.

4.6.8 Pumping and Well Supply

The city has installed sufficient well capacity to serve current maximum day conditions.
Well 7, which was drilled in 2006, is scheduled to be brought on line in 2008. It will provide
an additional 2,000 gpm of supply.

In the next 20 years, a 5,000-gpm booster pump station will be constructed at the Well 7 site.
With this addition, it will be possible to convey a wide range of flows from ADD to fire flow
in that portion of the system.

The replacement of Well 1 is the next proposed supply project. The proposed project
consists of drilling a new well, which will be labeled as Well 8, next to Well 1. It will increase
production from approximately 780 gpm at the existing Well 1 to an anticipated 2,500 gpm
for a new well drilled at this location. The planned improvement will also provide back up
power generation at that location. The Well 1 location is strategic as it provides supply for
the north and west areas of the city, an area served only by Well 1 and where significant
growth is projected.

A new well (Well 9) is proposed at the school site north of SW Elkhorn Avenue and SW 47th
Street. The estimated yield is 2,500 gpm. It will provide supply to the southern portion of
Zone 2, where growth is projected.

Three additional 2,500-gpm wells are projected to meet UGB buildout demands. The first
two should be located on the west side of the system and the third in the northeast area.
There is some flexibility as to where the wells are located. The two west-side wells should be
in the general area of Obsidian Avenue to Maple Avenue and Helmholtz Way to 23rd Street.
All future wells should be sited on looped 12-inch pipelines to avoid overly high pressure
losses.

The city is aware that there a number of privately-owned wells located on the west side,
within the UGB. These wells or other land-use or land-ownership factors may interfere with
siting new wells in this area. It could be possible to serve this growing area of the city with
wells located on the east side, but to do so would require larger diameter transmission
pipelines than the ones shown in this plan.
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A future Pressure Zone 1 booster station is planned at the Forked Horn Butte System
Reservoir 2 site. This would replace the existing Forked Horn Butte Booster Station 2 that
will be nearing the end of its useful life in the next 20 years. This booster station will pump
directly from the proposed Forked Horn Butte System Reservoir 2 and pump into the
existing 12-inch pipeline that runs along SW Reservoir Drive.

46.9 Storage

The current storage facilities are adequate to provide peaking, fire, and emergency storage
to customers, with a slight surplus. Based on the design criteria that the city has adopted,
shown in Exhibit 4-32, the projected storage deficit at 2030 will be 11.8 MG. At least three
future reservoirs are currently being planned within the system between now and 2030 to
meet this deficit.

The next reservoir project that has been identified uses a newly acquired piece of property
on Forked Horn Butte that would include a tank and new booster pump station to lift water
to Pressure Zone 1. The reservoir is proposed as either two 2-MG tanks or one 4-MG tank.
This facility would be constructed with an overflow of 3,180 feet and would float on Zone 2
similar to the existing Forked Horn Butte System Reservoir. It will be connected to a new
18-inch pipeline along SW Volcano Avenue. The reservoir and booster pump station site is
just north of the intersection of SW Reservoir Drive and SW Volcano Avenue.

The Well 7 site will accommodate two 3.5-MG ground level reservoirs. This facility will
operate the same as the Well 6 facility, as it will be filled by the well and then water will be
pumped from the tank into the system by a booster pump station. This facility will be
located at 450 N.E. 11th Street and will also serve Pressure Zone 2.

A total of 4 MG of storage at Forked Horn Butte plus two 3.5 MG reservoirs at Well 7 will
provide 11 MGs of additional storage. This essentially meets the projected storage deficit of
11.8 MG for 2030. Storage requirements are primarily based on system demands.

Exhibit 4-33 lists the reservoirs, including their overflow elevations, volume, material type,
and installation date.

4.6.10 Pipelines

As has been shown by the existing and future hydraulic analyses, the city has few overall
deficiencies in terms of low pressures or high velocities. A number of localized fire flow
deficiencies have been noted and will be addressed; however, these deficiencies are
primarily caused by older undersized pipelines that were installed when fire flow
requirements were lower.

One of the city’s goals is to ensure that adequate redundancy and transmission capacity
exists in the system so that if a single large pipeline or well is out of service, water can still
be supplied to all customers without any significant difference in pressure or quality. To
meet this goal, a number of pipeline enhancements were identified to establish a minimum
12-inch-diameter pipeline grid that connects all sources of supply and runs from east to
west and north to south. This pipeline grid along with a dispersed network of wells will
create a significant level of redundancy and flexibility for future growth regardless of where
it occurs.
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Pipe improvements for redundancy and growth have been grouped into three primary
areas: (1) west and south of Forked Horn Butte, (2) west side (3) Well 7 vicinity and east.

4.6.10.1 West and South of Forked Horn Butte

A significant amount of growth is projected around the south and west sides of Forked
Horn Butte. This area will be primarily served by Pressure Zone 2, based on ground
elevations. In order to extend Pressure Zone 2 to this portion of the system, a new pipeline
will be constructed along Helmholtz Way that will ultimately extend south to SW Elkhorn
Avenue. As mentioned previously, a new well is proposed at or near the school site in this
area and the proposed Forked Horn System Reservoir 2 facility will connect to the pipeline
along Helmholtz Way.

4.6.10.2 West Side

The area that is projected to have the majority of the residential growth over the next

20 years is on the west side of the system, primarily north of SW Quartz Avenue and west of
23rd Street. Some commercial development is projected between Obsidian Avenue and
Highway 126 that will require higher fire flows.

A 16-inch pipeline will be extended north along Helmholtz Way to Antler Avenue from the
large pipe around Forked Horn Butte to serve those areas. A 12-inch pipeline will be
extended north of Antler Avenue along Helmholtz Way and 35th Street to Maple Avenue.
Other 12-inch piping additions in the area west of Dry Canyon will be required to maintain
the overall integrity of the grid along 23rd Street, Hemlock Avenue, and Antler Avenue.

The proposed Pressure Zone 3a that currently serves the area north of Maple Avenue and
west of Dry Canyon will be extended with a 12-inch pipeline along Northwest Way to Upas
Avenue. An additional PRV will be required at the intersection of Maple Avenue and
Northwest Way to serve Pressure Zone 3a. A significant portion of the piping on the west
side of the system is anticipated to be constructed by developers as the location of future
development will drive the timing of much of the infrastructure in that area.

4.6.10.3 Well 7 Vicinity and East Side

The system on the east side of Dry Canyon is the oldest portion of the city’s system. Some of
the challenges to moving water in that area center on older small mains and the north-south
barriers of Highway 97 and the railroad.

The proposed Well 7 will have pumping capacity in the 2,500-gpm range. Future addition of
a tank and pump station will increase the instantaneous pumping rate to approximately
5,000 gpm. This will require an upgrade in piping both north and south of that facility to
distribute this flow rate. This station is served by a 24-inch pipeline that was installed in
2005 to the central area of the city.

A new pipe improvement running north to Maple Avenue will provide some needed
redundancy. New commercial development along Highway 97 north of Maple Avenue will
also benefit from that improvement.

Upgrades and additions of piping along Antler Avenue near the Antler Reservoir and
another north of Evergreen Way along SE 9th Street, will improve the conveyance capacity
in those areas. A new 12-inch main along NW 9th Street from Highland Avenue to Maple
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Avenue will greatly strengthen the older downtown core where many of the undersized
pipes exist as well as provide a central large diameter north-south conduit east of the
canyon.

4.6.11 Fire Flow

In general, fire flow fighting capability is very good in the system. This is primarily because
of two factors; the significant amount of looping that exists and the excellent operating
pressures that are present in the system. The operating pressure that is typically in excess of
70 psi in most parts of the system allows for a significant amount of headloss in any one
area before low pressures are encountered under fire flow conditions. A number of specific
fire flow improvements have been identified which are primarily focused on the areas
around or in the downtown core and on the east side in industrial areas with high fire flow
requirements. Exhibit 4-31 shows the recommended fire flow improvements.

4.7 Water System Capital Improvements Plan

This section summarizes the water system improvements discussed in the preceding
sections and presents a water system projects list for Redmond’s water system. This list
addresses capital needs that are proposed for meeting growth through the UGB buildout,
which is anticipated to occur in 2030.

The reviews of water rates and funding alternatives, as required by the state’s Drinking
Water Program master planning rules, are provided in a separate report, which will be
completed and made available subsequent to the master plan report.

4.7.1 Water System Projects List

Exhibit 4-34 presents the proposed water system projects list update for Redmond. The
individual projects include those that have been described in the technical sections of this
report, and in some cases, projects that Redmond has previously identified as needed.
Further details for the projects listed in this table are provided in Appendix G.

Exhibit 4-34 indicates priority levels for the pipeline projects. The first priority is to increase
residential fire flows to 1,000 gpm or greater throughout the service area. The second and
third priorities also relate to fire flows, but are focused on providing higher fire flows to
commercial and industrial areas. The fourth priority includes those projects that will be
needed as new developments are added to the city.

The timing for the new wells depends on demand growth, as illustrated in Exhibit 4-24. The
timing for the reservoir and pump station improvements is also dictated by demand
growth. The three valve projects —the addition of pressure reducing or check valves —will
increase system redundancy.

4.7.2 Project Cost Background

The project cost estimates are considered rough order-of-magnitude estimates. Actual costs
will vary by plus 50 percent to minus 30 percent, depending on the final project scope, the
bidding climate, and other variable factors.
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The project cost estimates are given in January 2007 dollars at an approximate Engineering
News-Record Construction Cost Index for Seattle Area value of 8626. Before finalizing the
funding for a project, it will be necessary to update the cost estimate to current costs and to
develop a preliminary design to further define the project.

A unit cost of $10 per diameter inch per foot was used for estimating pipeline costs. This
results in a unit cost of $80 per foot for 8-inch pipe, $100 per foot for 10-inch pipe, $120 per
foot for 12-inch pipe, and $160 per foot for 16-inch pipe. These unit costs assume a typical
rock depth in Redmond of 2-3 feet below ground surface.

The only exceptions to this unit cost were for the four pipeline replacement areas shown in
Exhibits 4-31 and 4-34. The unit cost for these pipe groups was increased from $10 to $12 per
diameter inch per foot to account for construction in congested areas and the need to make
many service line and hydrant re-connections.

An allowance of 15 percent was added to construction estimates to account for engineering
and administrative costs. This allowance was applied to all projects equally and therefore,
does not take into account design complexities, extra levels of permitting, or other factors
that are specific to projects that might result in higher engineering and administrative costs.

4.8 Conceptual Planning for Urban Reserve Area

Using the hydraulic model and considering the proposed distribution system shown in
Exhibit 4-31, a conceptual plan was developed for service to the URA boundary. This is
illustrated in Exhibit 4-35. The conceptual plan generally consists of a 12-inch piping grid
that is located to facilitate connection with existing or proposed pipes within the UGB. An
additional well location is shown in the northeast area. These projects are not included in
the water systems project list, which provides planning through the buildout of the UGB.

The 12-inch grid is sufficient for providing residential fire flows. If the future zoning for the
URA differs from residential and thereby requires higher fire flows, further analyses should
be performed to confirm that this grid provides acceptable levels of fire flows.
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EXHIBIT 4-1
Redmond Water System Schematic
Redmond Wastewater (Collection System) and Water System Master Plan
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EXHIBIT 4-2
Water System Service Zones
Redmond Wastewater (Collection System) and Water System Master Plan

Lower Customer Upper Customer

Service Zone Label Elevation Elevation
Zone 1 (High Elevation Zone) 3,100 feet 3,235 feet
Zone 2 (3180 Zone) 2,975 feet 3,100 feet
Zone 3 (North Rim Zone) 2,850 feet 2,975 feet

CV0\072710002
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EXHIBIT 4-4
Existing Well and Pump Stations
Redmond Wastewater (Collection System) and Water System Master Plan

Capacity Year

Facility Description (gpm) Installed
Well 1 Supplies Pressure Zone 2 780 1969
Well 2 Supplies Pressure Zone 2 800 1975
Well 3 Supplies Pressure Zone 2 1,125 1987
Well 4 Supplies Pressure Zone 2 2,000 1985
Well 5 Supplies Pressure Zone 2 2,500 1999
Well 6 Fills the Well 6 Ground Level Storage Tanks 2,000 2006
Well 7 Supplies Pressure Zone 2° 2,500 2007
Well 6 Booster Station Supplies Pressure Zone 2 4,000 2006
Antler Booster Station Supplies Pressure Zone 2° 2,200 1964
Forked Horn Butte Booster Station 1 ~ Supplies Pressure Zone 1 from Pressure Zone 2 5,000 2006
Forked Horn Butte Booster Station 2  Supplies Pressure Zone 1 from Pressure Zone 2 1,500 1984
System Reservoir Booster Station Transfers water from the System Reservoir to 4,000 2001

the Storage Reservoir

% Once the Well 7 Ground Storage Tank and Booster Station are constructed, Well 7 will fill the reservoir.

b Typically only used for fire flows. Additional pumps (2@2,500 gpm) are located at the booster station that
supplies a dedicated industrial fire flow system.

EXHIBIT 4-5

Distribution System Pipeline Inventory by Diameter
Redmond Wastewater (Collection System) and
Water System Master Plan

Length
Nominal Diameter (feet)
Not documented 744
1 323
2 10,497
4 28,367
6 117,900
8 371,787
10 62,762
12 84,079
14 7,915
16 9,269
18 41,383
20 61
24 3,046
Total 738,133 feet
140 miles
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EXHIBIT 4-6

Distribution System Pipeline Inventory
Redmond Wastewater (Collection System) and Water System

Master Plan

Length

Nominal Diameter Material (feet)
1 Steel 323
2 Copper 83
2 PVC 714
2 Steel 9,462
2 Unknown 238
4 Ductile iron 18
4 PVC 11,102
4 Steel 17,207
6 Cast iron 8,137
6 Ductile iron 557
6 Other 16
6 PVC 28,778
6 Steel 79,453
6 Unknown 959
8 Cast iron 7,777
8 Ductile iron 1,611
8 Other 21
8 PVC 345,656
8 Steel 16,722
10 Cast iron 169
10 Ductile iron 324
10 PVC 33,357
10 Steel 28,912
12 Cast iron 1,722
12 Ductile iron 10,265
12 PVC 53,302
12 Steel 18,756
12 Unknown 34
14 Ductile iron 7,512
14 Steel 403
16 Ductile iron 7,389
16 PVC 1,504
16 Steel 376
18 Cast iron 1,604
18 Ductile iron 24,047
18 PVC 4,832
18 Steel 10,901
20 Steel 61
24 Ductile iron 2,704
24 PVvC 343
Not documented Ductile iron 2
Not documented PVC 182
Not documented Steel 73
Not documented Unknown 486
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EXHIBIT 4-7

Distribution System Pipeline Inventory by Material
Redmond Wastewater (Collection System) and

Water System Master Plan

Length
Material (feet)
Cast iron 19,408
Copper 83
Ductile iron 54,429
Other 38
PVC 479,770
Steel 182,665
Unknown 1,717
Total 738,151
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EXHIBIT 4-8
Design and Operating Criteria
Redmond Wastewater (Collection System) and Water System Master Plan

No.

Item

Redmond Criteria

Applicable Regulations Typical Practice

Basis

Discussion

1

Residential fire flows

1,500 gpm

Oregon Drinking Water
Program (DWP):
maintain 20 psi at all
times

1,000 gpm (minimum) for 2 hr,
at a minimum residual pressure
of 20 psi, superimposed over
maximum day demands

ISO, the nation’s leading source for
ranking fire suppression effectiveness,
downgrades a community’s insurance
rating unless at least 1,000 gpm is
available for 2 hr for houses situated
such that the spacing between houses
is 11 to 30 feet. (Note: ISO requires
1,500 gpm for 2 hr if spacing is < 10 ft)

Recommended Standards for Water
Works (‘Ten States Standards’) indicates
that fire flows shall meet ISO standards.
California Administrative Code requires
750 gpm minimum for residential one
story, single family dwellings on average
sized lots, and 2,000 gpm for more
densely built areas, apartments, and light
commercial. Oregon has no flow
requirements, but does require 20 psi at
all times. ISO standards also call for
residual pressure of 20 psi.

2 Residential fire storage 180,000 gallons (1,500 gpm 120,000 gallons Equal to 1,000 gpm for 2 hr, based on
volumes for 2 hr) ISO criteria.
3 Commercial and school 2,500 gpm 3,500 gpm (minimum) for 3 hr,  ISO downgrades a community’s See discussion for residential fire flows.
fire flows at a minimum residual pressure insurance rating unless at least No Oregon requirements.
of 20 psi superimposed over 3,500 gpm is available for 3 hr for
maximum day demands; habitational buildings such as schools.
located in zone where need This category also includes care
occurs centers and light commercial.
4 Commercial and school 450,000 gallons (2,500 gpm 630,000 gallons Equal to 3,500 gpm for 3 hr, based on
fire storage volumes for 3 hr) ISO criteria.
Highway 97 industrial fire 3,500 gpm
flow
Highway 97 industrial fire 840,000 gallons (3,500 gpm
storage volume for 4 hr)
5 Hydrant spacing 400 ft is current standard 1,000 ft maximum ISO credits hydrants for up to No Oregon requirements
1,000 gpm if located within 300 ft of
structure, for 670 gpm if located 301 to
600 ft from structure, and for 250 gpm
if located from 601 to 1,000 ft from
structure. A spacing of 1,000 ft
maximum would ensure at least
1,000 gpm is available to each house.
6 Hydrant type Comply with AWWA C502 Provide at least one large ISO downgrades fire hydrants that do
with one 4.5-inch steamer pumper outlet. not have at least one large pumper
and two 2.5-inch hose outlet.
nozzles.
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EXHIBIT 4-8
Design and Operating Criteria

Redmond Wastewater (Collection System) and Water System Master Plan

No. Item

Redmond Criteria

Applicable Regulations

Typical Practice

Basis

Discussion

7 Residential piping: sizes
and looping

Minimum mainline size is

8 inches. Fire hydrant
required at end. Hydrant
lines may be 6 inches up to
maximum length of 400 ft.
Looping required wherever
possible.

12-inch diameter outer loops
(for < 1-mile square), 8-inch
diameter internal grid, and
6-inch diameter in cul-de-sacs
(for < 250 feet length). Limit
velocities to approximately 6
fps for peak hr demands. Limit
velocities to 10 fps for fire
flows.

Follows Washington Administrative
Code (for sizes; silent on velocities).
Meets OARs (minimize dead ends)
and Ten States Standards (minimum

of 6-inch diameter mains).

Several states require a minimum of
6-inch diameter mains, and indicate that
dead end lines shall be minimized.
Proliferation of cul-de-sacs means that the
criterion of allowing 6-inch diameter dead
end mains up to 250 feet in length may
result in a system that is not well-looped.
Therefore, it is critical to confirm
acceptability of dead end lines using
hydraulic model.

8 Transmission mains:
sizing

Evaluate on a case-by-case
basis, based on allowable
headloss. Velocities up to
8-10 fps are acceptable for
peak hr demands. Minimum
pipe size for industrial areas
is 12-inch.

Evaluate on a case-by-case
basis, based on allowable
headloss. Velocities up to 8-10
fps are acceptable for peak hr
demands.

Peak hr demands are uncommon, and

sizing a transmission main for

velocities of 8-10 fps will result in lower
velocities a large percentage of the

time.

Washington states that transmission lines
shall be designed to maintain > 35 psi,
except when directly adjacent to storage
tanks.

9 Operating pressures

Normal (any time except
during fire flows): 40-80 psi.
Minimum for fire flows: 20
psi. Pressures measured at
service connection (meter).

Oregon: minimum is
20 psi

Normal (any time except during
fire flows): 40 - 80 psi.
Minimum for fire flows: 20 psi.
Pressures measured at service
connection (meter).

Oregon requires a minimum of 20 psi
at all times, as do most states. The 40-
80 psi normal range is a reasonable

target, recognizing that it may be
acceptable in some cases for the

minimum to drop below 40 psi and still

provide acceptable service.

Oregon is silent on pressure except for the
20 psi minimum. Washington requires 30—
110 psi, California 25-125 psi, Texas

> 35 psi, and Pennsylvania 25-125 psi.
Ten States Standards indicates that
normal working pressures should be 60—
80 psi, and not less than 35 psi.

10 Equalization storage
volume

25% of maximum day
demand

25% of maximum day demand

A typical value for community water

systems.

Only general guidance is provided by
states, indicating that equalization storage
should consider daily use patterns.

11 Emergency storage
volume

1x ADD

Varies from 1x ADD to 1x
MDD, depending on reliability
of a system’s supply.

Washington regulations indicate that
emergency storage may be reduced when
there is a second independent supply,
such as multiple wells

12 Total storage

Equalization volume plus
fire or plus emergency
(using whichever is larger).

Sum of fire, equalization, and
emergency storage volumes
—or—equalization volume plus
fire or plus emergency (using
whichever is larger).

Washington codes allow a system to pro-
vide the total of the equalization storage
plus the larger of the emergency or fire
volumes. This approach assumes that a
fire will not occur concurrently with an
emergency failure.

13 Valve exercising

Exercise all valves on a
4-year cycle.

Once per year for valves
> 12 inches.

Annual valve exercising is commonly
recommended for all valves; however,
this is probably not practical. Focus on

critical valves.

States do not provide guidance on valve
exercising.
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EXHIBIT 4-8

Design and Operating Criteria

Redmond Wastewater (Collection System) and Water System Master Plan

No. Item Redmond Criteria Applicable Regulations Typical Practice Basis Discussion
14  Water age/chlorine Daily monitoring of system Measurable free chlorine The critical water age is system-specific. Probably not an issue in Redmond
residual/heterotrophic free chlorine residual. Water residual; HPC counts < 100 EPA has a value for HPC as a non- because of the low level of organics in the
plate counts (HPC) age and chlorine residual colony forming units (CFU)/mL. regulated surrogate of 500 CFU/mL. A groundwater.
not a problem. value of 100 CFU/mL is, therefore,
considered conservative in protecting
water quality. Together with maintaining
a measurable chlorine residual, these
are the best available practices for
ensuring safe drinking water in the
distribution system.
15 Booster pump station Provide MDD over 24 hours, Provide MDD over 24 hours, A typical value for community water
sizing with largest pump out of with largest pump out of systems.
service. service.
16  Number of pumps in A minimum of three (two A minimum of three (two active; A typical value for community water
booster pump stations active; one standby). one standby). systems.
17 Pipe materials Ductile iron or PVC. Use ductile iron pipe as stan- Ductile iron pipe is the industry
dard. (May be reasonable to standard, with PVC also commonly
consider high-density polyethy- used.
lene (HDPE) or steel for large
transmission lines, with
cathodic protection for steel
lines.)
18 Backflow prevention Fulfill Oregon’s rules. Fulfill Oregon’s rules. Oregon’s backflow rules are
standards comprehensive and defensible.
20 Water use record Track average day, maxi- Oregon Drinking Water ~ Track average day, maximum These data are very helpful for

keeping

mum day, and monthly total
demands. Document and
summarize annually. Track
within individual service
levels to extent possible.
Install meters to monitor
flows entering and leaving
service zones. Develop
monthly and annual numbers
for unaccounted water.

Program (DWP) has
some record-keeping
requirements.

day, and monthly total
demands. Document and
summarize annually. Track
within individual service levels to
extent possible. Install meters to
monitor flows entering and
leaving service zones. Develop
monthly and annual numbers for
unaccounted water.

planning purposes, and are time-
consuming or impossible to generate if
not recorded on a regular basis.

21 Main Flushing Goal is to flush 1/3 of the Every 6 months for dead end Use flush end to get 5 fps: 4-inch for
system each year in and problem areas; goal for 6-inch line; 6-inch for 8-inch line.
conjunction with city’s entire system is once every
hydrant testing program. 4 years.
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EXHIBIT 4-8
Design and Operating Criteria
Redmond Wastewater (Collection System) and Water System Master Plan

No. Item Redmond Criteria Applicable Regulations Typical Practice Basis Discussion
22 Reservoir Inspection (and possible Inspections every 5 years using
inspection/cleaning cleaning) every 2-5 years. divers; cleaned only as
inspection shows need.

23 Reservoir turnover Set goal as 3-5 days, but Set goal as 3-5 days, but AWWA recommends complete Depends on water quality. Probably not as
realize that it may not be realize that it may not be turnover every 3-5 days. critical in Redmond because of high
feasible to achieve this goal. feasible to achieve this goal. quality groundwater.

24 Use of closed-end Closed-end pumping is used 15 or fewer homes preferred on Although it is desirable to serve all

pumping systems in in the Forked Horn Butte a dead-end; 30 homes customers with gravity storage, there
place of reservoir Area because gravity is not maximum. may be an unacceptably high cost to
storage practical (PD). serve small groups of homes with a

reservoir, and using a reservoir for this
application may result in stagnant water.

25 Isolation valving Maximum of 4 valves to Maximum of 4 valves to close  Typical water system practice.
close in order to isolate in order to isolate segment.
segment.
26 Number of services on Not more than 30 homes Not more than 30 homes Typical water system practice.
an isolation segment maximum. maximum.
27  Poor quality water result-  Hydrants required at end of Install dead end hydrants as Good practice to reduce stagnant
ing from installing fire pipelines. close as possible to pipeline. water.

hydrants at the end of a
dead end line, often the
result of installing a

hydrant on the opposite
side of the road from the

water main

28 Installation of flush ends  Use hydrants for flushing. Use flush ends for dead end Good practice to reduce stagnant
on dead end mains in mains. water.
cul-de-sacs

29 Provision of emergency  Provide for all pump stations Only provide for closed end Provides reliability for closed end
generators for pump pump stations (those serving an  systems; otherwise, storage tank
stations area without gravity storage). provides needed reliability.

30 Pump stations: backup Standby generators at most Provide as standard for new Low cost to include in new pump
power connections facilities. pump stations. station designs.
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EXHIBIT 4-8
Design and Operating Criteria
Redmond Wastewater (Collection System) and Water System Master Plan

No. Item Redmond Criteria Applicable Regulations

Typical Practice Basis

Discussion

31 Reservoir design: Provide separate inlet/outlet Oregon Department of
inlet/outlet piping piping for all new reservoirs; Human Services (DHS):
include inlet riser pipe (keep “When a single inlet/outlet
top below normal operating  pipe is installed and the
level so as not to introduce  reservoir floats on the

Provide separate inlet/outlet
piping for all new reservoirs;
include inlet riser pipe (keep
top below normal operating
level so as not to introduce

extra pumping head) and system, provisions shall  extra pumping head) and
separate inlet and outlet be made to insure an separate inlet and outlet
horizontally. adequate exchange of horizontally.
water to prevent degrada-
tion of the water
quality...” (OAR 333-061-
0050 (7))
32 Drinking water materials Comply with ANSI/NSF Comply with ANSI/NSF  Comply with ANSI/NSF Meet Oregon drinking water
and additives Standard 60 and 61. Standard 60 and 61. Standard 60 and 61. regulations.
33 Master plan: update Annual minor updates; more Annual minor updates; more
schedule significant review every significant review every

5 years; comprehensive
review every 10 years.

5 years; comprehensive review
every 10 years.

34 5-Year capital Proposed: Annual updates;
improvements plans ensure that 5-year plans
(CIPs) follow general guidelines of

the master plan. Plan shall
be within financial guidelines
of water division, and shall
be balanced and prioritized
so that rate increases are
justified.

Proposed: Annual updates;
ensure that 5-year plans follow
general guidelines of the
master plan. Plan shall be
within financial guidelines of
water division, and shall be
balanced and prioritized so that
rate increases are justified
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EXHIBIT 4-9

Average Day Demand Records for 1977-2005
Redmond Wastewater (Collection System) and Water System Master Plan
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EXHIBIT 4-10
Average and Maximum Day Demands, 1997-2005
Redmond Wastewater (Collection System) and Water System Master Plan
Total Annual ADD Per MDD Per
Production ADD MDD Capita Capita MDD: ADD
Year Population (MG) (mgd) (mgd) (gpcd) (gpcd) Peaking Factor
1997 11,990 1,135 3.1 8.2 259 684 2.6
1998 12,435 1,212 3.3 8.2 267 659 25
1999 12,810 1,330 3.6 9.5 284 742 2.6
2000 13,705 1,358 3.7 10.0 271 730 2.7
2001 14,960 1,489 4.1 10.3 273 688 25
2002 16,110 1,456 4.0 10.1 248 627 25
2003 17,450 1,664 4.6 10.7 261 613 2.3
2004 18,100 1,736 47 105 262 580 2.2
2005 21,010 1,671 4.6 10.9 218 519 2.4
Average, for 1997-2005 260 649 25
Average, for 2003-2005 247 571 2.3
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EXHIBIT 4-11

Average Day Demands, 1997-2005
Redmond Wastewater (Collection System) and Water System Master Plan
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EXHIBIT 4-13

Monthly Demand Records for 2000-2006

Redmond Wastewater (Collection System) and Water System Master Plan
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EXHIBIT 4-14
Per Capita Average Day Demand, 1997-2005
Redmond Wastewater (Collection System) and Water System Master Plan
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EXHIBIT 4-15
Per Capita Maximum Day Demand, 1997-2005

Redmond Wastewater (Collection System) and Water System Master Plan
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EXHIBIT 4-16

Monthly Metered Use by Customer Category from July 2003 to June 2006
Redmond Wastewater (Collection System) and Water System Master Plan
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EXHIBIT 4-17

Monthly Metered Use by Customer Category from July 2003 to June 2006
Redmond Wastewater (Collection System) and Water System Master Plan
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EXHIBIT 4-18

Redmond Monthly Unaccounted-for Water Rates (July 2003 - April 2006)
Redmond Wastewater (Collection System) and Water System Master Plan
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EXHIBIT 4-19
Unaccounted-for Water for 2004 and 2005
Redmond Wastewater (Collection System) and Water System Master Plan
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EXHIBIT 4-20
Redmond Demand Projections
Redmond Wastewater (Collection System) and Water System Master Plan
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EXHIBIT 4-21

Well Description Summary
Redmond Wastewater (Collection System) and Water System Master Plan

Depth Pump  Approx. Approx.
Recent Depth  of Grout Casing Pump Motor Well Static
Use Areaof  Completion of Well Seal Diameter Setting Size  Capacity Water Level
No. Pattern City Date (ft, bgs) (ft, bgs) (in) (ft, bgs) (hp) (gpm) (ft, bgs)
1 Apr-Sep North July 1969 330 29 12 238 150 780 186
2 Apr-Sep Northwest  Feb 1975 452 280 14 410 250 800 277
3 Year-round Southeast Sept1979 452 32 14 437 200 1,100 317
4 Apr-Sep Southwest May 1986 765 50 18/12 575 600 2,800 362
5 Yearround West March 1995 802 400 16 370 600 3,000 259
6  (no history) So-Central Dec 2003 867 399 16 430 300 2,500 336
7 New East Dec 2006 862 322 16 425 300 2,500 326
Total, gpm 13,480
Total, mgd 19.4
Total Firm Capacity, gpm 10,480
Total Firm Capacity, mgd 15.1

1. All wells include meters, pressure gauges, pump to waste, and gas chlorination systems.
2. All wells are equipped with vertical turbine type pumps.

3. All wells pump into the 3180 Service Zone.

4. bgs = below ground surface.
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EXHIBIT 4-22
Water Well Production History
Redmond Wastewater (Collection System) and Water System Master Plan
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WATER SYSTEM PLAN

EXHIBIT 4-23
Redmond Water Rights Study
Redmond Wastewater (Collection System) and Water System Master Plan

Water Right Quantity Authorized )
Authorized
Application Permit Certificate Priority Date cfs gpm mgd Beneficial Use Wells Status/Comments
Existing Municipal Groundwater Rights
G-4981 G-4700 (80232) September 5, 1969 2.22 996 1.43  Municipal 1,2,4,5,6 Certificate 80232 was cancelled upon approval
T-10162 of T-10162 adding Well 6

Change under T-10162 must be made by
October 1, 2012

G-6865 G-6793 March 27, 1975 3.3 1,481 2.13  Municipal 1,2,4,5 Claim of Beneficial Use (partial use) pending
May need Extension of Time to finish permit
development.

G-9462 G-8866 82751 November 7, 1979 2.45 1,100 1.58 Municipal 3 Certificated
G-11439 G-10544 (80233) September 25, 1985 6.9 3,097 4.46  Municipal 1,2,4,5,6 Certificate 80233 was cancelled upon approval
T-10162 of T-10162 adding Well 6

Change under T-10162 must be made by
October 1, 2012

G-12731 G-12401 November 25, 1991 5 2,244 3.23  Municipal 1,2,4,5 Claim of Beneficial Use (partial use) pending
\éVeII 6 proposed May need Extension of Time to finish permit
y T-10163 development
Permit Amendment (T-10163) pending at OWRD
Subtotal of existing groundwater rights 19.87 8,918 12.84
Pending Municipal Groundwater Rights
G-14908 January 13, 1999 25 11,221 16.16 Municipal 1,2,3,4,5,6, Awaiting Proposed Final Order
7,8,9,10,11 Permit issuance contingent upon mitigation
Subtotal of pending groundwater rights 25 11,221 16.16

Total of existing and pending groundwater rights  44.87 20,139 29.00

Existing Municipal Surface Water Rights

S-2231 S-1177 2016 April 22, 1912 2 898 1.29 Municipal N/A, Certificated
Source is
Deschutes River

Total of surface water rights 2 898 1.29
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EXHIBIT 4-23
Redmond Water Rights Study
Redmond Wastewater (Collection System) and Water System Master Plan

Water Right Quantity Authorized )
Authorized
Application Permit Certificate Priority Date cfs gpm mgd Beneficial Use Wells Status/Comments
Existing and Pending Irrigation Water Rights
R-60935 R-8336 59048 October 23, 1980 286 ac-ft of stored Storage for N/A Certificated
effluent irrigation
S-61422 S-46323 59050 March 20, 1981 286 ac-ft of stored Irrigation of N/A Certificated
effluent 141.8 acres
G-13181 G-13181 November 10, 1992  0.78 350 0.50 Supplemental Old Juniper well  Claim of Beneficial Use pending
irrigation of
67.1 acres
G-16749 November 6, 2006 1.502 674 0.97 Irrigation/municipal Golf Club well Awaiting Initial Review by OWRD

94.2 acres

Total of irrigation (acres)

209 ac. existing and 67.1 ac. pending

Abbreviations:

cfs = cubic feet per second
gpm = gallons per minute
mgd = million gallons per day
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EXHIBIT 4-24
Well Capacity Chart
Redmond Wastewater (Collection System) al

nd Water System Master Plan
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WATER SYSTEM PLAN

EXHIBIT 4-27

Future Supply

Redmond Wastewater (Collection System)
and Water System Master Plan

Capacity

Supply Source (gpm)
Abandon Well 1 0
Well 2 800
Well 3 1,100
Well 4 2,800
Well 5 3,000
Well 6 2,500
Well 7 2,500
Well 8 (replacement for 2,500
Well 1)
Well 9 2,500
Well 10 2,500
Well 11 2,500
Well 12 2,500
2030 Total Capacity 25,200
2030 Firm Capacity 22,200
2030 MDD Demand 22,200
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WATER SYSTEM PLAN

EXHIBIT 4-32
Existing and Future Storage Needs
Redmond Wastewater (Collection System) and Water System Master Plan

Surplus/(Deficit)

Total System MDD Equalization Emergency Total Compared to
Year Volume (MG) (mgd) (=0.25x MDD) (=1x ADD) Fire Need Existing Volume
2006 10.0 12.0 3.0 5.2 0.84 8.2 1.8
2030 10.0 31.9 8.0 13.9 0.84 21.8 (11.8)

ADD = average day demand
MDD = maximum day demand

EXHIBIT 4-33
Reservoirs
Redmond Wastewater (Collection System) and Water System Master Plan
Volume Overflow Elevation Material Installation

No. Name (million gallons) (feet) Type Date

1 Well 6, Reservoir 1 2.0 3089 Steel 2006

2 Well 6, Reservoir 2 2.0 3089 Steel 2006

3 Antler 2.0 3030 Steel 1964

4  Forked Horn Butte System 2.0 3180 Concrete 2001

5 Forked Horn Butte Storage 2.0 3220 Concrete 1985

6  Forked Horn Butte System Tank 2 4.0 Proposed: 3180 Proposed: 2008-2015

Concrete
7  Well 7, Reservoir 1 3.5 Proposed: 3083.5 Proposed: 2015-2028
steel
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EXHIBIT 4-34

Water System Projects List

Redmond Wastewater (Collection System) and Water System Master Plan

Pipelines
Fire Flow Dia
Implemen- D Project | Reason for | Priority | Length melter Total Location
tation Phase Type |Improvement|for Pipe- (ft.) (in) Estimate
lines® :
2021-2025 p1 Pipe Growth and 4 2,250 8 $207,000 East from Northwest Way and NW Upas Ave to NW
redundancy 22nd St
. Growth and East from Northwest Way and NW 22nd St to NW
2016-2020 | P-2 Pipe redundancy 4 2,450 12 $339,000 4y, St, north of NW Quince Ave
2021-2025 p.3 Pipe Growth and 4 5,300 12 $732,000 Northwest Way between NW Maple Ave and NW
redundancy Upas Ave
2016-2020 P-4 Pipe Growth and 4 1,340 12 $186,000 Along NW Maple Ave from NW 23rd St to NW 19th
redundancy St
2026-2030 p.5 Pipe Growth and 4 3.950 12 $546,000 Along NW Maple Ave from NW 35th St to NW 22nd
redundancy St
2021-2025 P.6 Pipe Growth and 4 7.630 12 $1,054,000 Along NW 35th St from NW Maple Ave to SW
redundancy Evergreen Ave
2021-2025 p.7 Pipe Growth and 4 2,580 12 $357,000 Along Northwest Way from NW Maple Ave to
redundancy Hemlock Ave
2021-2025 p.g Pipe Growth and 4 3,990 12 $551,000 Along NW Hemlock Ave from NW 35th St to NW 23rd
redundancy St
20162020 | P-9 | pipe |CroWthand 4 2,600 12 $359,000  |Along W Antler Ave from NW 35th St to NW 27th St
redundancy
. Growth and
2016-2020 | P-10 Pipe 4 610 12 $84,000  |Along W Antler Ave from NW 25th St to NW 23rd St
redundancy
. . West from west end of NW Poplar Pl to existing 4-
2007-2015 | P-11 Pipe Fire flow 2 180 8 $17,000 inch pipe east of NW 11th St
20072015 | p-13 | pipe |Re€dundancy 3 340 8 $32,000  |Along NW 8th St from NW Negus Pl to NW Oak P!
and fire flow
. . South from east end of NE Quince Ave to
2016-2020 | P-14 Pipe Fire flow 3 1,630 8 $150,000 intersection of NE th St and NE Oak P!
. Growth and East from Northwest Way and NW Upas Ave to
2021-2025 | P-15 Pipe redundancy 4 1,560 12 $216,000 |, 1/ section of NW 22nd St and NW 1th St
2007-2015 | P-16 Pipe  |Fire flow 2 770 12 $106,000 X{,e:t 769 feet from NW Canal Blvd and NE Hemlock
Redundancy
and
2007-2015 | P-17 | Pipe |replacement 1 7,800 12 $1,077,000 |1ong NW Sth Stirom NW Maple Ave to SW
Highland Ave
of poor
condition pipe
. . Along NW Fir Ave from west of NW 7th St to mid-
2007-2015 | P-18 Pipe Fire flow 2 440 8 $41,000 block between NW 6th St and NW 5th St
2007-2015 | P-19 | Pipe |Fire flow 3 990 8 $91,000 2:?8"9 NW Sth Stirom W Antlr Ave to NW Dogwood
. ) 270 ft along NW Birch Ave
2007-2015 | P-20 Pipe Fire flow 1 270 8 $26,000 from NW 12th St
. ’ Along NW 12th St
2007-2015 | P-21 Pipe Fire flow 1 380 8 $35,000 from NW Birch Ave to W Antler Ave
. Growth and North from W Antler Ave between SW 17th St and
2007-2015 | P-22 Pipe redundancy 4 780 8 $72,000 SW 15th St to south end of cul-de-sac
2007-2015 | P-23 | Pipe |Fire flow 1 260 8 $25,000 ’i\gzgsfw Deschutes Ave from SW 121h Stto SW
2007-2015 | P-24 | Pipe |Fire flow 2 330 12 $46,000  [-10nY SW 2nd Stifom SW Black Bute Bivd to W
Antler Ave
2007-2015 | P-25 Pipe Fire flow 2 290 8 $27,000 Along SE Deschutes Ave from SE Franklin Ave to SE
Warsaw St
2007-2015 | P-26 | Pipe |Fire flow 2 320 8 $30,000 |09 SW 4th St from SW Forest Ave to SW
Evergreen Ave

4-82
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WATER SYSTEM PLAN

EXHIBIT 4-34

Water System Projects List

Redmond Wastewater (Collection System) and Water System Master Plan

Pipelines
Fire Flow bi
Implemen- D Project | Reason for | Priority | Length m(:l(;r Total Location
tation Phase Type |Improvement|for Pipe- (ft.) ) Estimate
. 1 (in.)
lines
NW Spruce Ave, between Northwest Way and NW
2007-2015 | P-27a Pipe [Redundancy 4 2,800 12 $387,000 |Helmholtz Way; NW Helmholtz Way between NW
Spruce Ave and NW Maple Ave
2026-2030 | P-27b Pipe  |Growth 4 7,700 12 $1,063,000
2007-2015 | P-28 Pipe Growth and 4 860 10 $99,000 Along SE Lake Rd between SE 1st St and E Hwy
redundancy 126
2007-2015 | P-29 | Pipe  Fire flow 2 260 8 $25,000  |Aond SWL4th Stifom SW Highland Ave to SW
Glacier Ave
2016-2020 | P-30 Pipe Growth and 4 500 8 $46,000 A!ong SW 27th St from SW Glacier Ave to SW
redundancy Highland Ave
2007-2015 | P-31 | Pipe |Fire flow 3 460 12 $64,000 ’fgggsfw 10th Stifom USFS Dr to south end of SW
2016-2020 | P-32 Pipe Growth and 4 1,320 12 $182,000 Along SW 35th St from SW Obsidian Ave to SW
redundancy Quartz Ave
2016-2020 | P-33 Pipe Growth and 4 1,320 16 $243,000 Along SW Quartz Ave from SW 35th St to SW 31st
redundancy St
. ’ Along SW Quartz Ave
2007-2015 | P-34 Pipe |Fire flow 1 280 8 $26,000 from SW 27th St to SW 27th PI
Growth and East on NW Maple Ave from NW 35th St to NW
2026-2030 | P-35 Pipe 4 7,920 12 $1,093,000 [Helmholtz Way, south on NW Helmholtz Way to W
redundancy
Antler Ave
. Growth and NW Hemlock Ave between NW Helmholtz Way and
2021-2025 | P-36 Pipe redundancy 4 2,710 12 $374,000 NW 35th St
2026-2030 | P-37 Pipe Growth and 4 2,660 12 $367,000 W Antler Ave between NE Helmholtz Way and NW
redundancy 35th St
Growth and South from the south end of SW 47th St to SW
2021-2025 | P-38 Pipe 4 1,240 16 $228,000 [Badger Ave, east along SW Badger Ave to SW Canal
redundancy Blvd
2016-2020 | P-39 | Pipe [Fire flow 3 370 8 $35,000 210”9 SW Timber Ave from SW 25th St to SW 24th
2007-2015 | P-40 | Pipe |Fire flow 1 1,640 12 $227,000 |AOng S Huy 97 from SW Wickiup Ave to SW Odem
Medo Way
2007-2015 | P-41 | Pipe |Fire flow 1 1,030 | 10 $119,000 |A\oN9 SW Yew Ave between SW Canal Blvd and the
Hwy 97 on ramp
2007-2015 | P-42 | Pipe |Fire flow 2 2,800 16 $516,000 |OW 19t St
east of Central Oregon Dr
2007-2015 | P-43 Pipe  [Fire flow 2 270 12 $37,000 |End of SE Salmon Ave
2007-2015 | P-44 | Pipe |Fire flow 2 2,100 16 $387,000 |vallel 0 E Highway 126,
east of SE Veterans Way
2016-2020 | P-45 Pipe Growth and 4 1,300 18 $270,000 SE 9th St between E Antler Ave and SE Evergreen
redundancy Ave
2016-2020 | P-46 Pipe Growth and 4 1,150 16 $212,000 |Along E Antler Ave from NW Canal Blvd to NE 9th St
redundancy
2026-2030 | P-a7 Pipe Growth and 4 6,780 16 $1,248,000 SW Helmholtz Way between W Antler Ave and
redundancy Quartz
2021-2025 | p-as Pipe Growth and 4 2,680 12 $371,000 Cpnnectlng SW Helmholtz Way and W-5, south of
redundancy Highland
. Growth and SW Obsidian Ave between SW Helmholtz Way and
2021-2025 | P-49 Pipe redundancy 4 2,680 16 $494,000 SW 35th St
2021-2025 | P-50 Pipe Growth and 4 670 12 $92,000 NW 23rd St between NW Fir Ave and NW Hemlock
redundancy Ave
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EXHIBIT 4-34

Water System Projects List
Redmond Wastewater (Collection System) and Water System Master Plan

Pipelines
Fire Flow DI
Implemen- D Project | Reason for | Priority | Length m;tae;r Total Location
tation Phase Type |Improvement|for Pipe- (ft.) (in) Estimate
lines® ’
2007-2015 | p-51 | Pipe [CroWthand 4 480 8 $44,000  [SW 31st St between Deschutes and Forest
redundancy
2021-2025 | P-52 Pipe Growth and 4 2.060 18 $419,000 Along E Antler Ave froim NW Canal Blvd to NE 9th St
redundancy and new FHB reservoir
) Growth and Along NW Canal Blvd, from NW Maple Ave to NE
2016-2020 | P-53 Pipe redundancy 4 5,400 12 $696,000 King Way and Along NE King Way to NE 5th St
2021-2025 | P-54 Pipe Growth and 4 440 12 $61,000 From PS-2 along SW Volcano Ave to SW Reservoir
redundancy Dr
2007-2015 | P-55 | Pipe |Fire flow 1 170 8 $17,000 ’;';:L‘QSEW Wickiup Ave betieen SW 28th Stand SW
2007-2015 | P-56 Pipe  |Fire flow 1 330 8 $30,000 Along SW Canal Blvd between SW Wickiup Ave and
SW 23rd St
2007-2015 | P-57 | Ppipe |Crowthand 4 3470 12 $479,000  |Located in southeast area of system
redundancy
2021-2025 | p-58 | Ppipe [CroWthand 4 7,880 12 | 1,088,000
redundancy
Pipe
3 1 | Replace- |Poor pipe Area between SW 27th St and SW 35th St and
2007-2015 | PR-1 ment (6"- |condition 7,500 8 $828,000 between W Antler Ave and SW Glacier Ave
8" PVC)
Pipe
3 , | Replace- |Poor pipe Area between NW 10th St to NW 15th St and
2007-2015 | PR-2 ment (6"- [condition 5,700 8 $630,000 between NW Quince Ave and NW Canyon Dr
8" PVC)
Pipe
Replace- [Undersized
: o | ment (1" |and poor Between Highland St. and Greenwood St., and
2007-2015 | PR-3 6")in  |condition steel 9,720 8 $1,073,000 between 3rd St. and 9th St.
down-town|pipes
area
Pipe .
Replace- Undersized
2007-2015 | PR-4 | ment east and pgor 5,480 8 $605,000 Between Antler S.t' and Evergreen St., and between
condition steel 5th St. and the railroad tracks
of down- ines
town pip
2007-2015 | w-2 | Complete |Supply $1,472,000 |NE 11th Street south of NE Glenwood Ave
Well 7 |increase
Supply
2007-2015 | W-1 Well 8 | $2,323,000 |NW Maple Ave west of NW Canyon Dr
increase
2007-2015 | W-5 wWell 9 _Supply $2,323,000 New school well site, vicinity of SW Elkhorn Ave and
increase SW 43rd St
20162020 | W-4 | well10 [SUPPY $2,323,000 |NW Hemlock Ave, west of NW 28th St
increase
Supply
2021-2025 | W-3 | Well11 |; $2,323,000 |SW Quartz Ave and SW 31st St
increase
20262030 | W-6 | well12 [SUPPY $2,323,000
increase
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EXHIBIT 4-34

Water System Projects List
Redmond Wastewater (Collection System) and Water System Master Plan

Pipelines

Implemen-
tation Phase

Project
Type

Reason for
Improvement

Fire Flow
Priority

for Pipe-
lines*

Dia-
meter

(in.)

Length
(ft)

Total
Estimate

Location

2007-2015

R-1

Well 7
Reservoir

Future
storage.
Volume = 3.5
MG. Steel

$4,025,000

NE 11th Street south of NE Greenwood Ave

2021-2025

R-2

Forked
Horn Butte
Reservoir

Future
storage.
Volume = 4.0
MG.
Prestressed
concrete tgnk

$6,440,000

Near Wickiup Ave. and 45th Street. (Partially buried

tank)

2007-2015

PS-1

Well 7
Pump
Station

Future supply

$1,955,000

NE 11th Street south of NE Glenwood Ave

2021-2025

PS-2

Pump
Station

Supply to
Zone 1

$621,000

2007-2015

V-1

Pressure
Reducing
Valve
(PRV)

Locate on
zone
boundary, in
NW area.

$58,000

Northwest Way and Maple Ave

2007-2015

Check
Valve

Located in SE,
at boundary
PZ2 to PZ3.

$58,000

SE Airport Way between Mt Jefferson DR and Mt
Hood Dr

2026-2030

V-3

Pressure
Reducing
Valve

Pressure zone
boundary -
west side

(PRV)

$58,000

NW Maple Ave and NW Helmholtz Way

Notes:

1. Pipe Priority Level:
1 = Residential Fire Flow Improvement, less than 1,000 gpm available
2 = Commercial or Industrial Fire Flow Improvement, less than 75% of required flow available
3 = Fire Flow Improvement, more than 75% of required flow available
4 = Not driven by fire flow deficiency
2. Cost index: ENR CCI Seattle Area = 8626 (January 2007)
3. Project P-12, a 12-inch pipe on NW Quince Ave., between NW 10th St. and NW 7th St., was constructed in
summer 2007 as the master plan was being completed. It was therefore deleted from list.
4. This water projects list does not show purchase costs for water rights mitigation credits. They are included
in the CIP table that is provided in an appendix.

CV0\072710002
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Introduction

In consultation with the City of Redmond, Crawford Engineering Associates, Inc. (CEA)
developed an XP-SWMM model of the Redmond wastewater collection system to
evaluate potential capacity deficiencies for existing and future conditions. The planning
horizon for this effort was 2026.

CEA performed this work as a subcontractor to CH2M HILL for the City of Redmond
Water Master Plan and Public Facilities Plan Update and Wastewater (Collection
System) Master Plan and Public Facilities Plan Update.

Development of the sewer model entailed defining and mapping the collection system,
estimating existing and future sewage flows, and calibrating the model to best represent
the collection system for hydraulic analysis. These steps in the development of the model
are described separately below, followed by an outline of the analysis criteria used and a
summary of the results.

Definition and Mapping of the Collection System

Definition of the collection system was based primarily on existing City of Redmond
geographical information system (GIS) data consisting of manholes, pipelines, pump
stations, and tax lots. The model was constructed to include pipelines 10 inches or greater
in diameter, except when smaller diameter pipelines were essential to the connectivity of
the system. Also, some 10-inch or greater pipelines were not included as individual
elements of the model because their flows were aggregated to a single subbasin flow
input, as in a small subdivision. The wastewater collection system is shown in Figure 1;
the modeled and not-modeled elements are indicated. Different symbols are used on the
figure to show manholes that were not modeled.

The following infrastructure information was incorporated into the collection system
model with modifications to GIS tables if data variables were missing:

e Manhole data
- Manhole unique name
- Rim elevation
- Invert elevation
e Pipe data
- Unique name
- Upstream (US) and downstream (DS) manhole names (connectivity)
- Diameter, length, US invert, DS invert, and slope
- Pipelines were assumed to be circular with a Manning’s Roughness of 0.013

Collection system data were reviewed, and missing or inconsistent data were corrected.
Corrections were labeled with an added comment field in GIS tables. Typical data
corrections were rim elevation (extracted from GIS grid created from contour maps),
manhole invert elevation (extracted from pipe inverts), US and DS manhole names, and
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pipe inverts. Pipe lengths were determined based on GIS distance from US and DS
manholes. City staff researched as-built and other information to fill in missing data.

A field was added to the GIS tables to aid selection of pipelines and manholes to include
in the model. Based on the contents of the selection field, data checks were performed to
find missing or inconsistent data.

With GIS selection and links to database tables, the model was constructed by importing
from the database table that identifies the manholes and pipes selected. Pump station data
were added separately. Force main data were not entered into the model. Model data
tables created are generic and will work with most of the standard model systems
available. The City has not yet decided on a modeling system software.

Estimation of Sewage Flow

To develop existing sewage flow estimates, the service area (within the city limits) was
subdivided into 103 subbasins ranging in size from 5 to 650 acres with an average sewer
basin size of about 66 acres. To develop future sewage flow estimates, the service area
was extended to include areas outside the city limits and subdivided into 119 subbasins
ranging in size from 5 to 728 acres with an average sewer basin size of about 86 acres.
The subbasins shown in Figure 2 were defined taking into account land use types (such as
open spaces), vacant land, and population density. The subbasins are named by the
manhole identification numbers of the manholes they drain to. The tax lot GIS table was
extended by adding a field that contained the sewer basin manhole number.

Subbasin characteristics were developed from the following types of data:

e Land use. Obtained from the City of Redmond tax lot database and through
discussions with City staff.

e Water usage. Obtained from City water meter billing data. Winter (December 2005
through February 2006) data were used to limit irrigation usage from the accounting.
Development of sewage flows from the water meter data is described in
Attachment 1. This included identification of large water users to potentially add to
the model as sewer flow point sources.

e Population data. Obtained from 2000 U.S. Census Bureau data tables and maps of
census blocks.

Rainfall Derived Infiltration and Inflow

Redmond WPCF influent flow data from January 2000 to September 2006 were reviewed
for indications of rainfall derived infiltration and inflow (RDII). Annual precipitation in
the area is about 8.8 inches. The nearest source of available rainfall data is the Roberts
Field-Redmond Municipal Airport (RDM), which is located 2 miles southeast of
downtown Redmond. The Redmond WPCF (located about 2.2 miles NE of downtown
Redmond) influent flow data records showed no discernible rainfall response except for
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an exceptional event in June 2006 (described below under Calibration). On the basis of
this review and consultation with City staff, it was determined that RDII was not a
significant issue and that use of a design storm in the sewer modeling was unnecessary.

Existing Flows

In general, flows within 10 percent are believed the best possible estimates achievable
from census, land use, or unit rates data. Existing subbasin base flows were developed
three different ways for comparison:

e Based on per capita flows using population estimates from census block data.
Example census block data are shown in Figure 3. With this method, the number of
people per household from the census block data was overlaid with the tax lots in
each subbasin. Flows were then calculated using 100 gallons per capita per day. The
flows from this method accumulated to approximately 2.03 million gallons per day
(mgd) (that is, the flow average delivered to the Redmond WPCEF).

e Based on land use category and water usage rates. With this method, water meter
records were used to determine average water usage by land use category (per capita
per day for residential categories and per acre per day for all other categories). The
average land use water usage rates applied are shown in Figure 4. This method used
water meter records from December 2005 to February 2006, which were aligned with
tax lot addresses (see Attachment 1 for a description of how this was done). Based on
water usage by land use category, the average system-wide flow was determined to be
approximately 1.98 mgd.

e Based on land use unit rates. With this method, the flows were determined by using
City of Redmond typical land use unit sewer flow rates. The average system-wide
flow was determined to be approximately 2.03 mgd.

The results of each of these methods were found to be consistent with the recorded
average winter Redmond WPCF influent flow of about 1.9 mgd. The average monthly
flow trend for Redmond WPCF is shown in Figure 5.

The method based on land use category and water usage rates was selected for use in the
modeling. The resulting base flow estimates for the subbasins are shown in Table 1.

Future Flows

Future subbasin flows were estimated using City of Redmond Planning Department maps
that show the projected number of units (dwelling units) per acre for land use types
within undeveloped areas of the urban growth boundary. Each unit is assumed to
represent 2.6 persons (based on U.S. Census Bureau data for number of people and
number of households for Redmond). The future average per capita flow was assumed to
be 80 gallons per day. In early phases of the study, 100 gallons per capita per day (gpcd)
was used, but monitoring of treatment plant flows and evaluation of water use data
indicated that 80 gpcd is a more representative value. The 80 gpcd value was calculated
by dividing the existing Redmond WPCF average winter influent flow of approximately
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2 mgd by an estimated City of Redmond population of 25,000. This population estimate,
which was developed based on 2000 census data by filling in the system for development
using similar population densities, was confirmed as a reasonable estimate in consultation
with city staff. The estimated future subbasin flows are shown in Table 2. The estimated
future system-wide base flow is about 6.9 mgd.

Future land use conditions for areas within the current sewer service boundaries were
estimated by assuming the same population densities and sewer flow rates as for
developed lots within a sewer basin. Lots assumed undeveloped were identified from
property tax rolls with undeveloped lots having a property improvement value of less
than $500. The current tax lot improvement values shown in Figure 6 were obtained from
the city tax lot database. Those few lots with a recorded improved value of $5 to $500 are
shown in yellow in Figure 6 east of the Antler Pump Station and west of the Cascade
View Pump Station. Those with $0 improved values are shown in white.

Calibration

City staff performed flow monitoring at selected sites to obtain data to characterize flows
from subbasins with different land use types. Also, the temporary monitoring was
performed to compare results for older neighborhoods with newer, growing
neighborhoods. This monitoring is planned to continue at selected sites with ultimately
establishing more permanent sites at key locations to monitor the change in flows within
parts of the system over time.

As monitoring data became available during the winter of 2006-2007, it was possible to
compare flows from basin types and flows predicted by the estimation method for sewer
basins and used in the hydraulic model. The monitored data and modeled flows simulated
matches within reasonable expectations at most sites. Monitored flows (5-minute “raw”
data) and average hour monitored flows were compared with modeled flows for all basins
in Figures 7 through 13. Average hour monitored flows were used to see how well the
flows corresponded with modeled flows without the highly variable “spikes” in the
monitoring data. The variability is most likely due to the low depths and high velocities
in the system. The monitoring equipment will have difficulties at lower depths in
accurately measuring velocity. Monitoring data are checked when obtained with
comparison between what flow is reported using depth and velocity (continuity) and
expected flow using depth, pipe slope, and roughness (using Manning’s equation). In
most cases, both flow estimation methods produced similar results, but there were
exceptions. Monitor data confidence will improve as experience is gained in siting
monitors, set-up, and in interpretation of data.

The modeled base flows showed good correspondence with the average hour monitored
flows, but in general were a little higher. Generally, the modeled flow values enveloped
the maximum ranges of monitoring data and matched the average monitor data diurnal
patterns.
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However, smaller basin comparisons showed a possible need to use multiple diurnal
curves in the model or unique patterns for specific industrial users. To address this,
sewers downstream of the two largest water users (PCC Structural and Eberhard
Creamery) were monitored to determine local conditions. The model flows at Eberhard
Creamery are compared with monitoring data in Figure 14. The differences between
model and monitoring flows at other locations were not significant enough to warrant
adding this complexity to the model at this time. However, for modeling site specific
developments it is recommended that the nature of the development be forecasted and
estimates of the diurnal pattern be determined, particularly the maximum flow expected
during the day.

Although a design storm was not used in the development of the model, the rainfall data
from the June 10-17, 2006, storm (recorded at the RDM Airport) were graphed with
Redmond WPCF influent flow data for that time period and compared with modeling
results. This exceptional storm caused flooding in the streets of downtown and other parts
of Redmond. In fact, it is reported to have flooded the City Engineer’s office by 2 inches.
As shown in Figure 15, the modeled flows correspond closely with recorded flows—
except for the high flows recorded on June 13. The exceptional high flow corresponds
with the opening of sanitary sewer manhole covers and the limited interconnections
between storm inlets and the sanitary system to drain streets flooded by the storm.

The city does not have an extensive stormwater collection system. Therefore, during
significant storm events, which are infrequent, street flooding is relieved by opening
sanitary sewer manhole covers. During the June 2006 storm, the city used the sanitary
sewer system to drain flooded areas. As a result, within an hour, the WPCF influent flow
increased from 2 to 9 mgd. The WPCF was able to treat these increased flows but
anecdotal evidence exists that implies several manholes along the main trunk to the
WPCF surcharged and flooded.

Hydraulic Analysis Criteria

Peak flows were used to evaluate the collection system. The model modulated the
average flow of each basin by the system’s diurnal pattern.

The capacity criteria used to identify potential system deficiencies were as follows:

e Manhole freeboard < 2 to 8 feet. Freeboard is the difference between the modeled
maximum water surface elevation at the manhole and the manhole rim elevation. If it
is < 8 feet, this indicates potential sewer surcharging. If less than 2 feet, there is a
high risk of flooding. A range of values was used to illustrate increasing higher risks
of flooding.

e Qratio > 1.2. The Qratio is a comparison of modeled peak flows with sewer full pipe
flow capacity. The design flow of a pipe segment is defined by the full pipe flow as
calculated using Manning’s equation. Maximum flow for circular pipes occurs at 94
percent full and is a little less than 1.1 times full pipe flow. Therefore, if a Qratio is
greater than 1.2, it indicates that the pipe is at risk and in most cases that it is
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surcharged. Different Qratio-value ranges were used as indications about ranges of
pipe capacity from no additional capacity to excess capacity. Excess capacity is available
capacity. Ratios about 1.2 indicate no additional capacity is available. Ratios in the
range of 0.8 to 1.2 indicate an evaluation should be performed to see if additional
capacity is needed given land use and development in the basin. Ratios less than 0.5
indicate significant excess capacity.

Model Results

For existing conditions, the modeling showed that the collection system does not have
any significant capacity deficiencies. Figure 16 shows the model results. The worst ten
manholes (that is, those with the lowest freeboards) are listed in the table across the top
of Figure 15. The worst ten pipelines (that is, those with the highest Qratios) are listed in
the table across the bottom of Figure 16.

For future conditions, it was assumed that improvements recommended by the previous
master plan were implemented. As with existing conditions, the modeling demonstrated
that the collection system will provide sufficient capacity.
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Table 1

Base Flow Based on Land Use and Rates from Water Use

Base Flow

Subbasin Airport C1 C2 C3 C4 C5 FG M1 M2 OSPR PARK PF R1 R2 R3 R4 R5 (gpd)
Unit Rate 861.4 1696.3 1059.7 9841 1000.0 1105 3313 3416 0.0 0.0 0.0 90.8  102.0 86.0 40.8 88.3

677.9 183.3 23.9 0.0 0.2 357.2 | 2234 | 2519 0.3 | 1563.6 02| 2232 13.0
MH03B001 97.8 3989
MHO03C008 14.0 47.0 3.9 6922
MH04A001 11.2 120.6 19983
MHO04A017 13.3 0.0 11452
MH04B001 113.5 9760
MH04B019 36.8 3168
MH04B020 25.3 172.8 14853
MHO04C020 0.8 4.0 278.5 4.2 25645
MH04C044 14.2 315 239.2 35668
MH04D012 8.6 0.8 19.7 215.0 27651
MH04D017 13.2 24.1 93.8 45397
MH04D053 36.8 10.1 29.2 43601
MHO5A015 28.2 2558
MHO05D008 0.4 14.7 4.0 1495
MHO05D017 8.6 779
MHO8A031 35.5 18.9 3989
MHO08C001 43.7 1782
MHO08D028 59.5 2428 |
MHO08D030 10.4 426
MHO8D039 18.9 81.5 3325
MHO08D046 123.4 5033
MHO08D074 34.1 1391
MHO8D076 15.7 642 |
MHO09A006 85.7 7781
MH09A011 8.6 2.4 163.2 80.0 29256
MHO9A025 13.3 8.7 2.7 154.3 42710
MHO09A049 1.9 19.6 10.1 163.8 40182
MHO9A069 14.2 25 14923 |
MH09B001 42.1 3820
MHO09B004 43.2 3923
MH09B051 1.0 3.1 315
MH09C011 6.8 51.4 6.8 5519
MHO09C021 16.0 202.0 9872 |
MH09C057 50.6 4597
MH09C075 80.0 7264
MHO09D042 12.0 6.7 197.4 6.5 37854
MHO09D049 0.9 337.7 13872
MHO09D067 8.4 2.6 36.0 108.0 13.4 27977 |
MH09D105 2.3 11.9 287.3 33208
MH10B008 25.5 17.0 14237
MH10B012 22.6 7709
MH10B031 4.3 2.2 1632
MH10C007 20.2 6907 |
MH10C009 26.5 11.7 45995
MH10C011 24.9 8516
MH10C016 25 64.7 7.5 23232
MH15B013 3.6 10.4 9639




Table 1

Base Flow Based on Land Use and Rates from Water Use

Base Flow
Subbasin Airport C1 C2 C3 C4 C5 FG M1 M2 OSPR PARK PF R1 R2 R3 R4 R5 (gpd)
MH15B017 0.3 13.1 33.9 5956
MH15B024 23.5 8024
MH15B047 5.9 1.4 2015
MH15B054 4.7 61.0 4034
MH15C010 13.5 17.4 436.5 19222
MH15D004 70.9 5.8 24223
MH16A028 8.8 | 4.2 76.0 | 21469 |
MH16A031 14.0 5.6 5.0 84.7 13.8 37810
MH16A033 8.6 29.6 0.2 57571
MH16A120 9.7 0.0 16423
MH16B047 2.9 5.4 03| 1175 129.1 21768
MH16B052 41 18.4 79 356 1152 59.5 45.1 4426 63541 |
MH16B064 7.3 0.1 5.8 28.2 43.2 11085
MH16C034 15.8 2.3 19.9 1121 628.6 81212
MH16C049 11.0 4.6 1.8 14.4  148.9 214.1 41885
MH16D027 64.8 38.3 34527
MH17A015 5.7 409.1 22293
MH17A037 17.0 694
MH17A055 44.2 1804
MH17B001 98.9 4035
MH17B023 163.1 6656
MH17C013 155.9 6359
MH17C046 195.2 1.9 8137
MH17C051 113.1 14.6 5907
MH17C078 9.0 369
MH17C082 53.0 2162
MH17C101 12.4 103.3 4213
MH17D013 10.1 0.4 2.9 0.0 55.1 15052
MH17D033 27.3 215 75.9 4941
MH20A003 316.4 7.5 27508
MH20A021 416.6 92.4 43971
MH20A049 8.8 292.2 26546
MH20A051 40.6 0.3 6.4 15.7 59.6 206.0 59695
MH20A064 4.4 280.1 0.0 24081
MH20B008 600.8 24513
MH20B041 343.1 13998
MH20B056 3.1 45.4 641.4 30797
MH20C032 255.6  215.3 12.0 45065
MH20C058 11.7 858.6 87543 |
MH20D009 0.6 33.1 36 1152 1365 15843
MH20D013 9.7 2.8 298.6 44.8 21.4 29387
MH20D022 56.5 3.8 261.7 59350
MH20D031 53.4 80.8 20.4 6.4 73382
MH20D033 37.8 230.3 23579 |
MH21A024 49.0 16228
MH21A033 147.0 28.3 48692
MH21B039 26.1 56.1 27419
MH22B009 = 564.6 2.2 24.4 723
MH29A029 21.4 287.8 | 137.4 95786
' Total 564.6 352.7  123.6 59.0 48.6 135 287.8 577.8 3056 509.4 1149 2341 1563.9 1294.0 3315.2 4701.1 2998.7 1980371 |




Table 2

Future Subbasin Flows

All Land use area C1 c2 c3 c4 C5 FG M1 M2 OSPR PARK PF R1 R2 R3 R4 R4 36 R4 56 | R4 59 R5
850.0, 1642.4)  1031.9 9723 1000.0 110.5 3313 341.6 0.0 0.0 0.0 111.7 1405 92.2 142.1 97.6
850.0, 1642.4)  1031.9 9723 1000.0 110.5 3313 341.6 0.0 0.0 0.0 111.7 1405 92.2 142.1 97.6 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 5.0 4.1 7.1 3.9 9.5
850.0  1642.4)  1031.9 972.3  1000.0 110.5 3313 341.6 0.0 0.0 580.0 557.4 572.0 652.5 557.4 748.8  1164.8 12272 930.9 580.0 0.0
SwrBasin CountOfMAPINFO_ID[ Total Of ACRES <> AIRPORT C1 c2 c3 c4 c5 FG ML M2 OSPR PARK PF R1 R2 R3 R4 R4 3 6 R4 56 | R4509 R5 School [ Water
1464.0 18685.4 17342.8]  1066.4 251.9 243
D_569 114.0 24.9 24.9 \ 13861.7
D_577 147.0 434.0 325.9 38.9 69.2 331888.0
D_589 135.0 74.6 323 42.3 42028.4
Ind_01 3.0 35.0 35.0 11593.5
MHO03B001 272.0 72.8 72.8 40552.0
MHO03B034 10.0 72.2 47.3 24.9 54073.6
MHO03B035 5.0 221 221 18805.4
MHO03C008 237.0 98.7 52.2 29.7 16.8 49497.3
MHO04A001 92.0 25.9 112 14.8 19119.1
MHO04A017 88.0 36.0 13.3 227 26130.3
MHO04A043 12.0 63.1 63.1 53673.0
MHO04A044 9.0 36.2 36.2 30783.2
MHO04B001 130.0 26.9 26.9 17581.7
MH04B019 38.0 8.6 8.6 5596.6
MH04B020 152.0 72.9 25.3 475 45713.9
MH04C020 129.0 44.9 0.8 4.0 36.1 3.9 22655.5
MHO04C044 95.0 46.3 14.2 \ 3.8 28.3 32651.2
MH04D012 95.0 26.8 8.6 0.8 46 12.8 18204.7
MH04D017 64.0 42.8 13.2 24.1 55 39132.3
MH04D053 26.0 68.0 41.7 10.1 16.2 54924.5
MHO05A015 114.0 25.0 25.0 13929.3
MHO05D008 191.0 56.8 0.4 45.4 111 31483.4
MHO05D017 96.0 25.6 25.6 14258.0
MHO8A031 172.0 76.7 36.7 40.0 42739.4
MHO08C001 30.0 85.7 85.7 47744.0
MH08D028 107.0 26.3 26.3 14652.7
MHO08D030 29.0 7.6 7.6 4250.1
MHO08D039 152.0 48.0 18.9 29.1 27192.1
MHO08D046 88.0 19.0 19.0 10571.8
MHO08D074 65.0 43.5 43.5 24274.2
MHO08D076 97.0 14.2 14.2 7894.5
MHO09A006 27.0 8.7 8.7 4829.2
MHO09A011 111.0 33.9 8.6 2.4 19.7 32 21255.1
MHO09A025 70.0 35.1 13.3 8.7 2.7 10.4 38073.0
MHO09A049 24.0 41.3 1.9 19.6 8.8 11.0 34995.9
MHO09A069 18.0 16.9 14.3 25 14788.0
MHO09B001 43.0 13.7 13.7 7659.6
MHO09B004 20.0 10.1 10.1 5641.5
MHO09B051 15.0 16.1 1.0 15.1 8639.4
MH09C011 20.0 32.8 6.8 24.4 1.6 14854.8
MH09C021 75.0 48.5 3.6 44.9 27074.9
MHO09C057 27.0 5.8 5.8 3206.8
MHO09C075 40.0 12.3 12.3 6861.9
MH09D042 131.0 34.7 12.0 6.7 15.3 0.7 34214.5
MHO09D049 303.0 70.3 4.4 66.0 39272.4
MH09D067 87.0 21.3 8.4 26 2.6 6.6 1.1 22065.3
MH09D105 106.0 36.9 2.3 11.9 22.7 28811.4
MH10B008 9.0 42,5 25.6 17.0 14261.9
MH10B012 36.0 229.7 229.7 78474.6
MH10B031 82.0 15.6 43 \ 11.3 11931.9
MH10C007 2.0 20.2 20.2 6907.2
MH10C009 148.0 27.6 27.0 \ 0.6 44845.8
MH10C011 30.0 24.9 24.9 8516.0
MH10C016 37.0 83.5 25 80.1 0.9 28703.5
MH15B013 19.0 15.0 46 10.4 11091.4
MH15B017 82.0 19.4 0.3 13.1 6.0 7942.2
MH15B024 2.0 235 235 8023.9
MH15B047 37.0 8.3 5.9 2.4 3300.5
MH15B054 47.0 11.0 4.7 6.3 5068.8
MH15C010 7.0 467.5 188.1 13.6 265.8 2615715
MH15D004 24.0 76.8 \ 70.9 5.8 242233
MH16A028 93.0 17.2 8.8 \ 4.2 4.1 19608.8
MH16A031 150.0 33.3 14.0 5.6 5.0 7.8 0.9 37328.1
MH16A033 75.0 53.9 9.2 43.3 0.2 1.2 80156.3
MH16A120 54.0 118 11.8 0.0 19397.4
MH16B047 113.0 29.1 2.9 5.4 0.3 111 9.4 12495.6
MH16B052 137.0 108.6 4.1 18.4 7.9 35.6 10.9 5.8 4.1 21.8 57016.6
MH16B064 33.0 45.3 7.3 0.1 5.8 28.2 3.8 25560.3
MH16C034 278.0 92.3 15.8 2.3 19.9 13.9 40.5 72300.7
MH16C049 146.0 68.5 10.8 \ 4.6 1.8 14.4 16.3 20.5 45743.1
MH16D027 59.0 103.0 \ 64.8 38.3 \ 34526.7
MH17A015 168.0 35.1 5.7 | \ 29.4 21928.6




Table 2

Future Subbasin Flows

All Land use area C1 c2 C3 c4 c5 FG M1 M2 OSPR PARK PF R1 R2 R3 R4 R4 36 R4 56 [ R4 59 R5

850.0,  1642.4)  1031.9 972.3  1000.0 110.5 331.3 341.6 0.0 0.0 0.0 111.7 140.5 92.2 142.1 97.6
850.0,  1642.4)  1031.9 972.3  1000.0 110.5 331.3 341.6 0.0 0.0 0.0 111.7 140.5 92.2 142.1 97.6 1.0

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 5.0 4.1 7.1 3.9 9.5

850.0  1642.4)  1031.9 972.3 _ 1000.0 110.5 331.3 341.6 0.0 0.0 580.0 557.4 572.0 652.5 557.4 748.8  1164.8  1227.2 930.9 580.0 0.0
SwrBasin CountOfMAPINFO_ID][ Total Of ACRES <> AIRPORT cil c2 C3 c4 C5 FG M1 M2 OSPR PARK PF R1 R2 R3 R4 R4 3 6 R4 56 [ R4 59 R5 School [ Water

MH17A037 16.0 4.8 4.8 2688.9
MH17A055 37.0 56.4 56.4 314535
MH17B001 126.0 36.7 36.7 20442.9
MH17B023 87.0 73.3 733 40879.7
MH17C013 124.0 18.4 18.4 10236.7
MH17C046 148.0 30.4 28.2 2.2 17806.5
MH17C051 157.0 46.4 36.1 10.3 29722.3
MH17C078 48.0 10.3 10.3 5721.9
MH17C082 103.0 14.9 14.9 8321.6
MH17C101 64.0 31.2 12.4 18.8 17655.4
MH17D013 61.0 31.2 10.1 0.4 0.4 0.5 19.9 28821.8
MH17D033 111.0 95.9 27.3 22.7 45.9 40365.0
MH20A003 133.0 39.3 38.2 1.1 25518.0
MH20A021 227.0 71.4 59.6 11.8 49889.4
MH20A049 87.0 34.7 0.7 34.0 32094.3
MH20A051 24.0 12.0 0.3 6.4 5.2 3400.6
MH20A064 134.0 54.2 4.4 40.3 9.5 31581.1
MH20B008 203.0 33.4 33.4 18628.1
MH20B041 184.0 314 314 17477.0
MH20B056 254.0 47.6 3.1 10.6 33.9 24975.5
MH20C032 296.0 73.7 47.6 24.7 1.5 441412
MH20C058 444.0 179.3 11.7 167.7 95915.8
MH20D009 168.0 125.0 20.1 0.6 13.0 6.5 324 52.4 61553.3
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MH21B014 59.0 40.9 1.2 2.0 37.6 37170.7
MH21B033 32.0 39.4 32.4 \ 7.0 27531.9
MH21B039 31.0 30.7 24.9 \ 5.8 26577.8
MH22B009 3.0 591.1 564.6 \ 2.2 24.4 14860.2
MH29A029 45.0 446.6 21.4 287.8 137.4 95541.8
N_1 18.0 174.4 174.4 214061.3
Node621 6.0 40.4 40.4 30222.1
NW_1 67.0 727.8 37.6 690.2 847022.1
NW_2 13.0 117.8 117.8 137251.4
NW_3 4.0 37.9 37.9 21963.3
NW_P1 126.0 448.1 448.1 549926.6
NW_P2 9.0 157.1 39.4 117.7 170605.6
Sw_1 11.0 41.3 \ \ 41.3 30888.1
SW_4 23.0 299.1 \ \ 299.1 367109.9
wC_1 81.0 512.8 512.8 435882.3
WC_2 12.0 228.3 228.3 280178.7
WC 2 1 2.0 24.0 24.0 29436.1
WC_2 2 1.0 14.6 14.6 17865.5
10205.2 0.0 564.6]  1259.2 140.9 59.0 48.6 13.6 287.8  1409.2 528.2 158.1 114.9 214.0 313.6 317.9 468.3|  1316.9 407.5 2355 1917.6 315.5 107.1 7.0 6911639.4
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Flow - million gallons per day

Figure 5: Redmond Monthly Flows (mgd)
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Flow - mgd

Figure 15: Redmond WWTP
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Attachment 1
City of Redmond
Water Meter Locations and Data

In determining large water users and dischargers to the sanitary sewer system it is
customary to retrieve and inspect water use data. Mark Chambers (City of Redmond)
obtained water meter and use data for December 2005 through February 2006 to aid in
determining both sanitary base flow and large users. Unfortunately, water meters were
not mapped. Therefore, water use data could not be assigned to individual sewer basins.
However, the meter data contained addresses that could be used to map the meters.

The 3 months of water use data were combined into a single database file with the meter
“Location ID” as a unique index. This resulted in 7,754 meter locations. Each month had
a different number of meters in the file. The differences in meter counts are shown

Table 1.

Table 1: Difference in number of meters

Month December January February
December -- 301 337
January 558 -- 406
February 329 153 --

The average water use over the winter was about 2.1 mgd which is consistent with the
Redmond Water Pollution Control Facility flow records (average of about 1.9 mgd). The
largest 20 users are given in Table 2, with the largest (PCC Structural) using 4,160 ccf
(about 39,000 gpd). The second largest (Eberhard Creamery) has a more consistent
monthly use of about 32.000 gpd.

Table 2: Top 20 Water Users (100 cubic feet [ccf])

locationID Address Dec 05| Jan 06 Feb 06 Winter
Use Use Use Use
4236|345 NE HEMLOCK AVE 28 3034 1098 4160
3642|235 SW EVERGREEN AVE 1012 1005 1488 3505
16344|2521 NW CEDAR AVE 172 157 2776 3105
4256(1253 NW CANAL BLVD 369 513 1472 2354
9562|1515 NW FIR AVE 559 635 636 1830
2780|340 SW RIMROCK DR 408 585 527 1520
2758|675 SW RIMROCK DR 115 736 534 1385
7162|1201 SW 28TH ST 298 458 438 1194
13540|438 NW 19TH ST 225 480 339 1044
13332|1253 NE GREENWOOD AVE 295 301 442 1038
5808|2633 SW OBSIDIAN AVE 320 366 313 999
4234|345 NE HEMLOCK AVE 370 187 383 940
20570|515 NE SHOSHONE DR 143 432 358 933
2820|1822 SW ANTLER AVE 255 265 291 811

RedmondSewerModelSummaryTM_06182007.doc



Table 2: Top 20 Water Users (100 cubic feet [ccf])

locationID Address Dec 05| Jan 06 Feb 06 Winter
Use Use Use Use
17614{2200 NW CLIFFSIDE WAY 380 174 253 807
4886|1705 S HWY 97 242 282 271 795
1392|351 NW MAPLE AVE 269 241 272 782
9542|528 NW 17TH ST 222 297 252 771
8192|2630 SW 17TH PL 208 287 238 733
13724|944 SW VETERANS WAY 246 208 261 715

The first step in determining meter location was modifying the structure of the meter data
table to combine the street prefix and suffix with the address field to produce a full street
address field similar to that given in the parcel data. Linking meter address to parcel
addresses produced 6,925 matches (approximately 90 percent of the addresses found).
The address match to parcels produces polygons, representing the parcel, which can be
used for meter location and for subbasin definition. The centroid of the parcels could be
used to create a point for the meter location rather than a polygon.

The second step was to link the unmatched meter addresses (829 locations) through an
on-line/interactive third party geocoding service. The service was able to match the
remaining meter locations without interpolation at most locations. At 192 locations, the
address was different enough to require interaction with the user to select an appropriate
address match. The difference is illustrated below where the first address is the meter
information and the second is the address found in the geocoding service.

456 231 W Antler Ave 231 NW ANTLER AVE
458 406 W Antler Ave 406 SW ANTLER AVE
762 123 SE Jackson St 123 SE JACKSON AVE
764 145 SE Jackson St 145 SE JACKSON AVE
1066 623 W Antler Ave 623 NW ANTLER AVE
1072 719 W Antler Ave 719 NW ANTLER AVE
1074 737 W Antler Ave 737 NW ANTLER AVE
1094 708 W Antler Ave 708 SW ANTLER AVE
9832 2522 SE Jessie Butler Cir 2522 SE JESSE BUTLER AVE
1390 1485 N Highway 97 1485 N HWY 97

1634 923 W Antler Ave 923 NW ANTLER AVE
1636 937 W Antler Ave 937 NW ANTLER AVE
1654 936 W Antler Ave 936 SW ANTLER AVE
1656 850 W Antler Ave 850 SW ANTLER AVE
2046 241 W Antler Ave 241 NW ANTLER AVE
2232 1034 W Antler Ave 1034 SW ANTLER AVE
2244 1108 W Antler Ave 1108 SW ANTLER AVE

Example of address matching using geocoding service.

The combination produced a map of meter locations as shown in Figure 1. The two data
files were sent to Mark Chambers and CH2M HILL for their use. Additional discussion

RedmondSewerModelSummaryTM_06182007.doc




IS required to set data field structure, address error checks, and add future meter

information.

Detail

- Meter Located by Parcel Address

L] Meter Located by Geocoding

|:| City Limit=

Figure 1
Water Meter Location
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Appendix B

Redmond Wastewater Collection System Master Plan

Cost-Benefit Analysis for Pump Stations and Force Mains Versus Deep Gravity Sewers

Life Cycle Period, years: 40
Discount Rate Assumed: 2.5%
ENR CCl: 8626
Cost Input Variables:
Electric Power, $/kwh  $0.090
Labor, $/hr $40.00
Annual Conveyance Maintenance, $/foot $1.05
Option A. Gravity - Capital Construction Cost
No. Item Description Depth Quantity Unit Unit Cost Total Cost
1 Link646, 15" dia. PVC, avg depth 16, in street 16 657 LF $383 $251,315
2 Link647, 15" dia. PVC, avg depth 5', out of street 5 666 LF $215 $143,141
3 Link648, 15" dia. PVC, avg depth 12', out of street 12 667 LF $321 $213,885
4 Link649, 15" dia. PVC, avg depth 17', out of street 17 666 LF $435 $290,031
5 Link650, 15" dia. PVC, avg depth 5', out of street 5 675 LF $215 $145,075
6 Link651, 15" dia. PVC, avg depth 17, out of street 17 1314 LF $435 $572,223
7 Link652, 15" dia. PVC, avg depth 17', out of street 17 758 LF $435 $330,095
8 Manholes (included in unit price) EA $5,296 $0
Subtotal: $1,945,763
Contingency @ 30%: $ 583,729
Subtotal: $2,529,492
Mobilization @ 10%: $ 252,949
Total Construction Cost: $2,782,400
Engineering @ 10%: $ 417,360
Construction Management @ 8%: $ 222,592
Permits, Legal & Admin @ 15%: $ 278,240
Total Estimated Project Cost: $3,700,000
Option A. Gravity - Annual O&M Cost
No. Item Description Quantity Unit Unit Cost Total Cost
1 Inspection and Maintenance 5,403 LF $1.05 $5,669
Total Estimated Annual O&M Cost: $5,700
Total Estimated Present Worth O&M: $140,000
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Appendix B
Redmond Wastewater Collection System Master Plan
Cost-Benefit Analysis for Pump Stations and Force Mains Versus Deep Gravity Sewers

Option B. Pump Station and Force Main - Capital Cost

No. Item Description Depth Quantity Unit Unit Cost Total Cost
1 8-inch diameter force main, average depth 5' 5 5,403 LF $199 $1,073,716
2 Pump Station property acquisition 500 SF $15 $7,500
3 Pump Station (1.3 MGD average flow, 130' TDH) 1 LS $500,000 $500,000
Subtotal: $1,581,216
Contingency @ 30%:  $474,365
Subtotal: $2,055,581
Mobilization @ 10%:  $205,558
Total Construction Cost: $2,261,100
Engineering @ 15%: $339,165
Construction Management @ 8%: $180,888
Permits, Legal & Admin @ 15%: $226,110
Total Estimated Project Cost: $3,010,000
Option B. Pump Station and Force Main - Annual O&M Cost
No. Item Description Quantity Unit Unit Cost Total Cost
1 Power 326,648 KW-HR $0.09 $29,398
2 Force Main Maintenance 5403 LF $1.05 $5,669
3 Pump Station Maintenance 150 HR $40 $6,000
4 Pump Station Miscellaneous Supplies 1 LS $12,000 $12,000
Total Estimated Annual O&M Cost: $53,100
Total Estimated Present Worth O&M:  $1,330,000
Present Worth Comparison for Options A and B
Present
Worth Total
Annual Present
Capital Cost O&M Worth
Option A. Gravity Sewer| $3,700,000 | $140,000 | $3,840,000
Option B. Pump Station and Force Main| $3,010,000 | $1,330,000 | $4,340,000
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APPENDIX C, EXHIBIT 1
Wastewater Collection System UGB Buildout Project List (Costs based on ENR CCI Seattle = 8626

“Local" 8- Incremental

h Cost

inch sewer X ) . -

cost, 10 exceeding Total Traffic Rock Tunneling Land Utility
feet t;eep "local" sewer |  project Unit | Engin. & | Control |Excava-tion| Found. Trench Erosion | Boring, Acquis- relo- | Total Unit
Allocations Pipelines cost Cost Costs Price Admin. |unit price| Unit Price Stabil. |CDF Fill| Dewatering | Control Jacking ition cation Price
R Improve- Reason for Average . . R . B Allowance for
Project Type Injlple;nhen Model ID ment Improve- Priority Lép.grgde Growth Le?gth Depth of Dlameter Um;;'nce Un;:nce PFEO.JECt;/met Construc-tion Eng. & Total Estimate Location
tation Phase Description ment xisting () Bury (ft.) @in) ($/it) ($/ft) rice (3/ft) Admin. 10% per LF per LF per LF | per LF per LF per LF per LF per LF per LF
Eﬁ;:’g:::or 2007-2015  |Link943 Sewer Growth 4 0% | 100% | 30 6 30 $262 $174 $436 $12,600 $1,400 $14,000 | Gome gy o FUTe SetenandReamonderPalion | g 371 | 537 $9 $9 $0 $0 $0 $10 $0 $0 $0 |s 436

2007-2015  |Link944 Sewer Growth 4 0% | 100% | 33 6 30 $262 $174 $436 $13,500 $1,500 $15.000 | gome ey o TP SienandReamongerPaliion | g 371 | 537 $9 $9 $0 $0 $0 $10 $0 $0 $0 |s 436
2007-2015  |Link677 Sewer Growth 4 0% | 100% | 25 5 30 $262 $171 $433 $9,900 $1,100 S1L,000 | Gome ey o TP SionandReamondierPalion | g 371 | 537 $9 $6 $0 $0 $0 $10 $0 $0 $0 |s 433
2007-2015 | CFEI_54 Sewer Growth 4 0% | 100% | 86 5 30 $262 $171 $433 $34,200 $3,800 $38,000 | gome ey O P SienandReamonderPalion | g 371 | 537 $9 $6 $0 $0 $0 $10 $0 $0 $0 |s 433
2007-2015 |CFEI_53 Sewer Growth 4 0% | 100% | 175 6 30 $262 $174 $436 $69,300 $7,700 ST7,000 o pay o TP St andReamonderPalion | g 371 | 537 $9 $9 $0 $0 $0 $10 $0 $0 $0 |s 436
2007-2015  |Link895 Sewer Growth 4 0% 100% 230 12 30 $262 $371 $633 $131,400 $14,600 $146,000 |Parallel to NW Spruce Ave, west of Sterling Pointe Pump Station $ 534 $53 $9 $27 $0 $0 $0 $10 $0 $0 $0 $ 633
2007-2015  |Link8o4 Sewer Growth 4 0% | 100% | 136 19 30 $262 $495 $757 $92,700 $10,300 $103,000 gyl © MW Spruce Ave, exstaf W Zznd StarSising Polie e | g 628 | 363 $9 $47 $0 $0 $0 $10 $0 $0 $0 |s 757
2007-2015 |Link893 Sewer Growth 4 0% 100% 400 18 30 $262 $492 $754 $271,800 $30,200 $302,000 |Parallel to NW Spruce Ave, east of NW 22nd St $ 628 $63 $9 $44 $0 $0 $0 $10 $0 $0 $0 $ 754
2007-2015  |Link892 Sewer Growth 4 0% 100% 400 20 30 $262 $496 $758 $273,600 $30,400 $304,000 |Parallel to NW Spruce Ave, west of NW 22nd St $ 626 $63 $9 $50 $0 $0 $0 $10 $0 $0 $0 $ 758
2007-2015  |Link891 Sewer Growth 4 0% 100% 350 24 30 $262 $508 $770 $243,000 $27,000 $270,000 |Parallel to NW Spruce Ave, east of Northwest Way $ 626 $63 $9 $62 $0 $0 $0 $10 $0 $0 $0 $ 770
2007-2015  |Link890 Sewer Growth 4 0% 100% 350 25 24 $262 $435 $697 $220,500 $24,500 $245,000 |Parallel to NW Spruce Ave, east of Northwest Way $ 557 $56 $9 $65 $0 $0 $0 $10 $0 $0 $0 $ 697
2007-2015  |Link889 Sewer Growth 4 0% 100% 373 23 30 $262 $505 $767 $257,400 $28,600 $286,000 |Parallel to NW Spruce Ave, east of Northwest Way $ 626 $63 $9 $59 $0 $0 $0 $10 $0 $0 $0 $ 767
2007-2015 |cFWi_51 Sewer Growth 4 0% 100% 330 21 30 $262 $499 $761 $226,800 $25,200 $252,000 |Along Northwest Way, south of NW Spruce Ave $ 626 $63 $9 $53 $0 $0 $0 $10 $0 $0 $0 $ 761
2007-2015  |Link888 Sewer Growth 4 0% 100% 325 19 24 $262 $418 $680 $198,900 $22,100 $221,000 |Parallel to and south of NW Spruce Ave, west of Northwest Way $ 557 $56 $9 $47 $0 $0 $0 $10 $0 $0 $0 $ 680
2007-2015  |Link887 Sewer Growth 4 0% 100% 325 15 24 $262 $326 $588 $172,800 $19,200 $192,000 |Parallel to and south of NW Spruce Ave, west of Northwest Way $ 485 $49 $9 $36 $0 $0 $0 $10 $0 $0 $0 $ 588
2007-2015  |Link886 Sewer Growth 4 0% 100% 330 12 24 $262 $278 $540 $161,100 $17,900 $179,000 |Parallel to and west of Northwest Way, south of NW Spruce Ave $ 449 $45 $9 $27 $0 $0 $0 $10 $0 $0 $0 $ 540
2007-2015  |Link885 Sewer Growth 4 0% 100% 330 14 24 $262 $284 $546 $162,900 $18,100 $181,000 |Parallel to and west of Northwest Way, south of NW Spruce Ave $ 449 $45 $9 $33 $0 $0 $0 $10 $0 $0 $0 $ 546
2007-2015  |Link884 Sewer Growth 4 0% 100% 332 16 24 $262 $329 $591 $177,300 $19,700 $197,000 |Parallel to and west of Northwest Way, south of NW Spruce Ave $ 485 $49 $9 $39 $0 $0 $0 $10 $0 $0 $0 $ 591
2007-2015  |Link883 Sewer Growth 4 0% 100% 317 14 24 $262 $284 $546 $155,700 $17,300 $173,000 |Parallel to and south of NW Spruce Ave, west of Northwest Way $ 449 $45 $9 $33 $0 $0 $0 $10 $0 $0 $0 $ 546
2007-2015  |Link882 Sewer Growth 4 0% 100% 317 9 24 $262 $144 $406 $116,100 $12,900 $129,000 |Parallel to and south of NW Spruce Ave, west of Northwest Way $ 336 $34 $9 $18 $0 $0 $0 $10 $0 $0 $0 $ 406
2007-2015  |Link881 Sewer Growth 4 0% 100% 330 7 24 $262 $99 $361 $108,000 $12,000 $120,000 |Parallel to and east of NW 35th St, north of NW Maple Ave $ 301 $30 $9 $12 $0 $0 $0 $10 $0 $0 $0 $ 361
2007-2015  |Link880 Sewer Growth 4 0% 100% 330 8 24 $262 $141 $403 $120,600 $13,400 $134,000 |Parallel to and east of NW 35th St, north of NW Maple Ave $ 336 $34 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 403
2007-2015  |Link879 Sewer Growth 4 0% 100% 330 11 24 $262 $275 $537 $160,200 $17,800 $178,000 |Parallel to and east of NW 35th St, north of NW Maple Ave $ 449 $45 $9 $24 $0 $0 $0 $10 $0 $0 $0 $ 537
2007-2015  |Link878 Sewer Growth 4 0% 100% 330 15 24 $262 $326 $588 $175,500 $19,500 $195,000 |Parallel to and east of NW 35th St, north of NW Maple Ave $ 485 $49 $9 $36 $0 $0 $0 $10 $0 $0 $0 $ 588
2007-2015  |Link877 Sewer Growth 4 0% 100% 330 17 24 $262 $412 $674 $200,700 $22,300 $223,000 |Parallel to and south of NW Oak Ave, east of NW 35th St $ 557 $56 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 674
2007-2015  |Link876 Sewer Growth 4 0% 100% 330 15 24 $262 $326 $588 $175,500 $19,500 $195,000 |Parallel to and south of NW Oak Ave, east of NW 35th St $ 485 $49 $9 $36 $0 $0 $0 $10 $0 $0 $0 $ 588
2007-2015  |Link875 Sewer Growth 4 0% 100% 330 16 24 $262 $329 $591 $176,400 $19,600 $196,000 |Parallel to and south of NW Oak Ave, east of NW 35th St $ 485 $49 $9 $39 $0 $0 $0 $10 $0 $0 $0 $ 591
2007-2015 |cFWi_41 Sewer Growth 4 0% 100% 330 17 27 $262 $410 $672 $199,800 $22,200 $222,000 |Parallel to and south of NW Oak Ave, east from NW 35th St $ 556 $56 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 672
2007-2015  |Link874 Sewer Growth 4 0% 100% 331 16 27 $262 $343 $605 $180,900 $20,100 $201,000 |Along NW 35th St north of NW Maple Ave $ 498 $50 $9 $39 $0 $0 $0 $10 $0 $0 $0 $ 605
2007-2015  |Link873 Sewer Growth 4 0% 100% 340 19 27 $262 $416 $678 $207,900 $23,100 $231,000 |Along NW 35th St north of NW Maple Ave $ 556 $56 $9 $47 $0 $0 $0 $10 $0 $0 $0 $ 678
2007-2015  |Link900 Sewer Growth 4 0% 100% 330 22 27 $262 $489 $751 $223,200 $24,800 $248,000 |Along NW 35th St north of NW Maple Ave $ 614 $61 $9 $56 $0 $0 $0 $10 $0 $0 $0 $ 751
2007-2015 |cFWi_40 Sewer Growth 4 0% 100% 320 21 27 $262 $486 $748 $216,000 $24,000 $240,000 |Along NW 35th St north of NW Maple Ave $ 614 $61 $9 $53 $0 $0 $0 $10 $0 $0 $0 $ 748
2016-2020 |cNW_P2 Sewer Growth 4 0% 100% 330 18 27 $262 $413 $675 $200,700 $22,300 $223,000 |Along NW Maple Ave, west of NW 35th St $ 556 $56 $9 $44 $0 $0 $0 $10 $0 $0 $0 $ 675
2016-2020  |Link901 Sewer Growth 4 0% 100% 330 18 27 $262 $413 $675 $200,700 $22,300 $223,000 |Parallel to and west of NW 35th St, south of NW Maple Ave $ 556 $56 $9 $44 $0 $0 $0 $10 $0 $0 $0 $ 675
2016-2020 |cFWi_38 Sewer Growth 4 0% 100% 240 20 27 $262 $419 $681 $147,600 $16,400 $164,000 |Parallel to and west of NW 35th St, south of NW Maple Ave $ 556 $56 $9 $50 $0 $0 $0 $10 $0 $0 $0 $ 681
2016-2020 |cFWi_37 Sewer Growth 4 0% 100% 330 16 27 $262 $407 $669 $198,900 $22,100 $221,000 |Parallel to and south of NW Maple Ave, west of SW 35th St $ 556 $56 $9 $39 $0 $0 $0 $10 $0 $0 $0 $ 669
2016-2020  |Link903 Sewer Growth 4 0% 100% 330 13 27 $262 $302 $564 $168,300 $18,700 $187,000 |Parallel to and west of NW 35th St, south of NW Maple Ave $ 468 $47 $9 $30 $0 $0 $0 $10 $0 $0 $0 $ 564
2016-2020  |Link902 Sewer Growth 4 0% 100% 330 17 27 $262 $410 $672 $199,800 $22,200 $222,000 |Parallel to and west of NW 35th St, south of NW Maple Ave $ 556 $56 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 672
2016-2020 |cFWi_36 Sewer Growth 4 0% 100% 90 22 27 $262 $489 $751 $61,200 $6,800 $68,000 | Parallel to and west of NW 35th St, south of NW Maple Ave $ 614 $61 $9 $56 $0 $0 $0 $10 $0 $0 $0 $ 751
2016-2020  |Link872 Sewer Growth 4 0% 100% 240 19 27 $262 $416 $678 $146,700 $16,300 $163,000 |Parallel to and west of NW 35th St, south of NW Hemlack Ave $ 556 $56 $9 $47 $0 $0 $0 $10 $0 $0 $0 $ 678
2016-2020  |Link871 Sewer Growth 4 0% 100% 330 13 27 $262 $302 $564 $168,300 $18,700 $187,000 |Parallel to and west of NW 35th St, south of NW Hemlack Ave $ 468 $47 $9 $30 $0 $0 $0 $10 $0 $0 $0 $ 564
2016-2020  |Link870 Sewer Growth 4 0% 100% 330 13 27 $262 $302 $564 $168,300 $18,700 $187,000 |Parallel to and west of NW 35th St, south of NW Hemlack Ave $ 468 $47 $9 $30 $0 $0 $0 $10 $0 $0 $0 $ 564
2016-2020  |Link869 Sewer Growth 4 0% 100% 320 13 27 $262 $302 $564 $162,900 $18,100 $181,000 |Parallel to and west of NW 35th St, south of NW Hemlack Ave $ 468 $47 $9 $30 $0 $0 $0 $10 $0 $0 $0 $ 564
2016-2020 |cFWi_35 Sewer Growth 4 0% 100% 90 13 27 $262 $302 $564 $45,900 $5,100 $51,000 |Parallel to and west of NW 35th St, south of NW Hemlock Ave $ 468 $47 $9 $30 $0 $0 $0 $10 $0 $0 $0 $ 564
2016-2020  |Link868 Sewer Growth 4 0% 100% 250 10 27 $262 $233 $495 $111,600 $12,400 $124,000 |Parallel to and west of NW 35th St, south of NW Hemlock Ave $ 414 $41 $9 $21 $0 $0 $0 $10 $0 $0 $0 $ 495
2016-2020  |Link867 Sewer Growth 4 0% 100% 330 7 27 $262 $160 $422 $126,000 $14,000 $140,000 |Parallel to and west of NW 35th St, south of NW Hemlack Ave $ 355 $36 $9 $12 $0 $0 $0 $10 $0 $0 $0 $ 422
2016-2020 |cNW_2 Sewer Growth 4 0% 100% 100 7 27 $262 $160 $422 $38,700 $4,300 $43,000 |Paralel to and west of NW 35th S, south of NW Hermlock Ave $ 355 $36 $9 $12 $0 $0 $0 $10 $0 $0 $0 $ 422
2016-2020  |Link866 Sewer Growth 4 0% 100% 230 9 27 $262 $231 $492 $102,600 $11,400 $114,000 |Parallel to and west of NW 35th St, south of NW Hemlock Ave $ 414 $41 $9 $18 $0 $0 $0 $10 $0 $0 $0 $ 492
2016-2020  |Link865 Sewer Growth 4 0% 100% 330 14 27 $262 $305 $567 $169,200 $18,800 $188,000 |Parallel to and west of NW 35th St, north of W Antler Ave $ 468 $47 $9 $33 $0 $0 $0 $10 $0 $0 $0 $ 567
2016-2020 |cFWi_33 Sewer Growth 4 0% 100% 110 17 27 $262 $410 $672 $66,600 $7,400 $74,000 |Parallel to and west of NW 35th St, north of W Antler Ave $ 556 $56 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 672
2016-2020  |Link864 Sewer Growth 4 0% 100% 230 17 27 $262 $410 $672 $139,500 $15,500 $155,000 |Parallel to and west of NW 35th St, north of W Antler Ave $ 556 $56 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 672
2016-2020  |Link863 Sewer Growth 4 0% 100% 330 15 27 $262 $340 $602 $179,100 $19,900 $199,000 |Parallel to and west of NW 35th St, north of W Antler Ave $ 498 $50 $9 $36 $0 $0 $0 $10 $0 $0 $0 $ 602




“Local" 8- Incremental

h Cost

inch sewer X ) . -

cost, 10 exceeding Total Traffic Rock Tunneling Land Utility
feet t;eep "local" sewer |  project Unit | Engin. & | Control |Excava-tion| Found. Trench Erosion | Boring, Acquis- relo- | Total Unit
Allocations Pipelines cost Cost Costs Price Admin. |unit price| Unit Price Stabil. |CDF Fill| Dewatering | Control Jacking ition cation Price
R Improve- Reason for Average . . R . B Allowance for
Project Type tITpIe';nhen Model ID ment Improve- Priority Lépgr?de Growth Lerf1gth Depth of Dlameter Um;/znce Unl;:nce PFEO.JECt;/Jth Construc-tion Eng. & Total Estimate Location

ation Phase Description ment xisting () Bury (ft.) @in) ($/it) ($/ft) rice (3/ft) Admin. 10% per LF per LF per LF | per LF per LF per LF per LF per LF per LF
2016-2020 |cFWi_32 Sewer Growth 4 0% 100% 110 14 27 $262 $305 $567 $56,700 $6,300 $63,000 |Parallel to and west of NW 35th St, north of W Antler Ave $ 468 $47 $9 $33 $0 $0 $0 $10 $0 $0 $0 $ 567
2016-2020 |Link862 Sewer Growth 4 0% 100% 220 17 24 $262 $412 $674 $134,100 $14,900 $149,000 |Parallel to and west of NW 35th St, north of W Antler Ave $ 557 $56 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 674
2016-2020  |Link861 Sewer Growth 4 0% 100% 330 21 24 $262 $424 $686 $204,300 $22,700 $227,000 |Parallel to and west of NW 35th St, north of W Antler Ave $ 557 $56 $9 $53 $0 $0 $0 $10 $0 $0 $0 $ 686
2016-2020 |cFWi_31 Sewer Growth 4 0% 100% 130 21 24 $262 $424 $686 $81,000 $9,000 $90,000 |Parallel to and west of NW 35th St, north of W Antler Ave $ 557 $56 $9 $53 $0 $0 $0 $10 $0 $0 $0 $ 686
2016-2020  |Link841 Sewer Growth 4 0% 100% 410 20 24 $262 $421 $683 $252,000 $28,000 $280,000 |Along W Antler Ave, west of SW 35th St $ 557 $56 $9 $50 $0 $0 $0 $10 $0 $0 $0 $ 683
2016-2020 |Link840 Sewer Growth 4 0% 100% 410 17 24 $262 $412 $674 $249,300 $27,700 $277,000 |Along W Antler Ave, west of SW 35th St $ 557 $56 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 674
2016-2020  |Link844 Sewer Growth 4 0% 100% 330 15 24 $262 $326 $588 $175,500 $19,500 $195,000 |Parallel to and east of SW Helmholtz Way, south of W Antler Ave $ 485 $49 $9 $36 $0 $0 $0 $10 $0 $0 $0 $ 588
2016-2020  |Link904 Sewer Growth 4 0% 100% 330 15 24 $262 $326 $588 $175,500 $19,500 $195,000 |Parallel to and east of SW Helmholtz Way, south of W Antler Ave $ 485 $49 $9 $36 $0 $0 $0 $10 $0 $0 $0 $ 588
2016-2020  |Link843 Sewer Growth 4 0% 100% 330 14 24 $262 $284 $546 $162,900 $18,100 $181,000 |Parallel to and east of SW Helmholtz Way, south of W Antler Ave $ 449 $45 $9 $33 $0 $0 $0 $10 $0 $0 $0 $ 546
2016-2020 |Link842 Sewer Growth 4 0% 100% 330 12 24 $262 $278 $540 $161,100 $17,900 $179,000 |Parallel to and east of SW Helmholtz Way, south of W Antler Ave $ 449 $45 $9 $27 $0 $0 $0 $10 $0 $0 $0 $ 540
2016-2020  |Link860 Sewer Growth 4 0% 100% 166 9 24 $262 $144 $406 $61,200 $6,800 $68,000 |Parallel to and north of SW Highland Ave, east of SW Helmholtz Way $ 336 $34 $9 $18 $0 $0 $0 $10 $0 $0 $0 $ 406
2016-2020  |Link859 Sewer Growth 4 0% 100% 330 12 24 $262 $278 $540 $161,100 $17,900 $179,000 |Parallel to and east of SW Helmholtz Way, north of SW Highland Ave $ 449 $45 $9 $27 $0 $0 $0 $10 $0 $0 $0 $ 540
2016-2020  |Link858 Sewer Growth 4 0% 100% 330 16 24 $262 $329 $591 $176,400 $19,600 $196,000 |Parallel to and east of SW Helmholtz Way, north of SW Highland Ave $ 485 $49 $9 $39 $0 $0 $0 $10 $0 $0 $0 $ 591
2016-2020 |Link857 Sewer Growth 4 0% 100% 330 16 24 $262 $329 $591 $176,400 $19,600 $196,000 |Parallel to and east of SW Helmholtz Way, north of SW Highland Ave $ 485 $49 $9 $39 $0 $0 $0 $10 $0 $0 $0 $ 591
2016-2020 |Link856 Sewer Growth 4 0% 100% 280 16 24 $262 $329 $591 $149,400 $16,600 $166,000 |Parallel to and east of SW Helmholtz Way, north of SW Highland Ave $ 485 $49 $9 $39 $0 $0 $0 $10 $0 $0 $0 $ 591
2021-2025  |Link855 Sewer Growth 4 0% 100% 330 15 24 $262 $326 $588 $175,500 $19,500 $195,000 |Along SW Highland Ave, east of SW Helmholtz Way $ 485 $49 $9 $36 $0 $0 $0 $10 $0 $0 $0 $ 588
2021-2025 |Link854 Sewer Growth 4 0% 100% 330 14 24 $262 $284 $546 $162,900 $18,100 $181,000 |Along SW Highland Ave, east of SW Helmholtz Way $ 449 $45 $9 $33 $0 $0 $0 $10 $0 $0 $0 $ 546
2021-2025 |Link853 Sewer Growth 4 0% 100% 330 17 24 $262 $412 $674 $200,700 $22,300 $223,000 |Parallel to and east of SW Helmholtz Way, south of SW Highland Ave $ 557 $56 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 674
2021-2025 |Link852 Sewer Growth 4 0% 100% 330 18 24 $262 $415 $677 $201,600 $22,400 $224,000 |Parallel to and east of SW Helmholtz Way, south of SW Highland Ave $ 557 $56 $9 $44 $0 $0 $0 $10 $0 $0 $0 $ 677
2021-2025 |Link851 Sewer Growth 4 0% 100% 330 17 24 $262 $412 $674 $200,700 $22,300 $223,000 |Parallel to and east of SW Helmholtz Way, north of SW Obsidian Ave $ 557 $56 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 674
2021-2025 |Link850 Sewer Growth 4 0% 100% 330 17 24 $262 $412 $674 $200,700 $22,300 $223,000 |Parallel to and east of SW Helmholtz Way, north of SW Obsidian Ave $ 557 $56 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 674
2021-2025  |Link849 Sewer Growth 4 0% 100% 330 17 24 $262 $412 $674 $200,700 $22,300 $223,000 |Parallel to and east of SW Helmholtz Way, north of SW Obsidian Ave $ 557 $56 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 674
2021-2025 |Link848 Sewer Growth 4 0% 100% 330 17 24 $262 $412 $674 $200,700 $22,300 $223,000 |Parallel to and east of SW Helmholtz Way, north of SW Obsidian Ave $ 557 $56 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 674
2021-2025  |Link847 Sewer Growth 4 0% 100% 330 18 24 $262 $415 $677 $201,600 $22,400 $224,000 |Parallel to and east of SW Helmholtz Way, north of SW Obsidian Ave $ 557 $56 $9 $44 $0 $0 $0 $10 $0 $0 $0 $ 677
2021-2025 |Link846 Sewer Growth 4 0% 100% 380 19 24 $262 $418 $680 $233,100 $25,900 $259,000 |Parallel to and east of SW Helmholtz Way, north of SW Obsidian Ave $ 557 $56 $9 $47 $0 $0 $0 $10 $0 $0 $0 $ 680
2021-2025  |Link845 Sewer Growth 4 0% 100% 805 22 24 $262 $427 $689 $499,500 $55,500 $555,000 |Along SW Obsidian Ave, east of SW Helmholtz Way $ 557 $56 $9 $56 $0 $0 $0 $10 $0 $0 $0 $ 689
2021-2025 |cFWi_18 Sewer Growth 4 0% 100% 512 21 15 $262 $222 $484 $223,200 $24,800 $248,000 |Along SW Obsidian Ave, west of SW Helmholtz Way $ 374 $37 $9 $53 $0 $0 $0 $10 $0 $0 $0 $ 484
20212025 |cFWi_17 Sewer Growth 4 0% | 100% | 660 14 15 $262 $201 $463 $275,400 $30,600 $306,000 g 03 SPONITAIE SO0 feteest o WSS SL SN oIS g 374 | 937 $9 $33 $0 $0 $0 $10 $0 $0 $0 |$ 463
20212025  |cFWi_16 Sewer Growth 4 0% | 100% | 660 14 15 $262 $201 $463 $275,400 $30,600 $306,000 g 03 SPONITAIE SO0 feteest o WSS SL SN oIS g 374 | 937 $9 $33 $0 $0 $0 $10 $0 $0 $0 |s 463
2021-2025 |cFWi_15 Sewer Growth 4 0% 100% 633 11 15 $262 $84 $346 $197,100 $21,900 $219,000 |Parallel to and { 2000 feet west of SW Quartz Ave $ 275 $28 $9 $24 $0 $0 $0 $10 $0 $0 $0 $ 346
2021-2025 |cFWi_14 Sewer Growth 4 0% 100% 1,280 8 15 $262 $42 $304 $351,000 $39,000 $390,000 |Parallel to and { 3000 feet west of SW Quartz Ave $ 246 $25 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 304
2021-2025 |cFWi_13 Sewer Growth 4 0% 100% 1,320 10 15 $262 $81 $343 $407,700 $45,300 $453,000 |Parallel to and east of SW 55th St, north of SW Wickiup Ave $ 275 $28 $9 $21 $0 $0 $0 $10 $0 $0 $0 $ 343
2021-2025 |cWC 2 Sewer Growth 4 0% 100% 1,320 9 15 $262 $78 $340 $404,100 $44,900 $449,000 |Parallel to and east of SW 55th St, north of SW Wickiup Ave $ 275 $28 $9 $18 $0 $0 $0 $10 $0 $0 $0 $ 340
2021-2025 |cFWi_11 Sewer Growth 4 0% 100% 1,320 9 12 $262 $63 $325 $387,000 $43,000 $430,000 |Along SW Helmholtz Way, north of SW Wickiup Ave $ 262 $26 $9 $18 $0 $0 $0 $10 $0 $0 $0 $ 325
2026-2030 |cFWi_10 Sewer Growth 4 0% 100% 1,320 17 12 $262 $193 $455 $540,900 $60,100 $601,000 |Along SW Helmholtz Way, south of SW Wickiup Ave $ 359 $36 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 455
2026-2030 |cFWi_9 Sewer Growth 4 0% 100% 1,320 26 12 $262 $263 $525 $624,600 $69,400 $694,000 |Along SW Helmholtz Way, north of SW Coyote Ave $ 398 $40 $9 $68 $0 $0 $0 $10 $0 $0 $0 $ 525
2026-2030 |cFWi_8 Sewer Growth 4 0% 100% 1,320 20 12 $262 $246 $508 $603,000 $67,000 $670,000 |Along SW Helmholtz Way, north from SW Coyote Ave $ 398 $40 $9 $50 $0 $0 $0 $10 $0 $0 $0 $ 508
2026-2030  |cFWi_7 Sewer Growth 4 0% 100% 1,320 19 12 $262 $243 $505 $599,400 $66,600 $666,000 |East from the terminus of SW Coyote Ave $ 398 $40 $9 $47 $0 $0 $0 $10 $0 $0 $0 $ 505
2026-2030  |cFWi_6 Sewer Growth 4 0% 100% 650 21 12 $262 $249 $510 $298,800 $33,200 $332,000 |Parallel to and { 1300 feet east of SW Coyote Ave $ 398 $40 $9 $53 $0 $0 $0 $10 $0 $0 $0 $ 510
2026-2030 |cSW_4 Sewer Growth 4 0% 100% 1,320 17 12 $262 $193 $455 $540,900 $60,100 $601,000 |Parallel to and east of SW Helmholtz Way, north of SW Elkhorn Ave $ 359 $36 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 455
2026-2030  |Link838 Sewer Growth 4 0% 100% 1,210 17 10 $262 $192 $454 $495,000 $55,000 $550,000 |Along SW Elkhorn Ave, west of SW 39th St $ 358 $36 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 454
20262030 |cFWi_4 Sewer Growth 4 0% | 100% | 350 19 12 $262 $199 $461 $145,800 $16,200 $162,000 ort el 210 eStOfSW €5 Stbetueen SW Canal B and SWEKIOM | ¢ 350 | g36 $9 $47 $0 $0 $0 $10 $0 $0 $0 |s 461
2026-2030  |Link837 Sewer Growth 4 0% 100% 778 17 10 $262 $192 $454 $318,600 $35,400 $354,000 |Along SW Elkhorn Ave between SW 39th St and SW Canal Blvd $ 358 $36 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 454
2026-2030  |Link839 Sewer Growth 4 0% 100% 1,260 17 10 $262 $192 $454 $515,700 $57,300 $573,000 |Along SW 39th St between SW Canal Blvd and SW Elkhorn Ave $ 358 $36 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 454
2026-2030  |Link836 Sewer Growth 4 0% 100% 1,350 17 10 $262 $192 $454 $552,600 $61,400 $614,000 |East from SW Elkhom Ave and SW 39th St $ 358 $36 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 454
2026-2030 |cFWi_3 Sewer Growth 4 0% 100% 655 16 10 $262 $189 $451 $266,400 $29,600 $296,000 |Parallel to and south of SW Elkhorn Ave, west of SW Canal Blvd $ 358 $36 $9 $39 $0 $0 $0 $10 $0 $0 $0 $ 451
2026-2030  |cFWi_2 Sewer Growth 4 0% 100% 1,098 16 10 $262 $189 $451 $446,400 $49,600 $496,000 |North from SW Canal Blvd, parallel to SW Helmholtz Way $ 358 $36 $9 $39 $0 $0 $0 $10 $0 $0 $0 $ 451
2026-2030 |cFWi_1 Sewer Growth 4 0% 100% 1,844 16 10 $262 $189 $451 $748,800 $83,200 $832,000 |Along SW Canal Bivd, northeast of SW Helmholtz Way $ 358 $36 $9 $39 $0 $0 $0 $10 $0 $0 $0 $ 451




“Local" 8- Incremental
. Cost
inch sewer X ) . -
cost, 10 exceeding Total Traffic Rock Tunneling Land Utility
feet deep "local" sewer |  project Unit | Engin. & | Control |Excava-tion| Found. Trench Erosion | Boring, Acquis- relo- | Total Unit
Allocations Pipelines cost Cost Costs Price Admin. |unit price| Unit Price Stabil. |CDF Fill| Dewatering | Control Jacking ition cation Price
R Improve- Reason for Average . . R . B Allowance for
Project Type tITpIe;nhen Model ID ment Improve- Priority Lépgr?de Growth Le?gth Depth of Dlameter Um;/ﬁnce Un;:nce PFEO.JECt;/Jth Construc-tion Eng. & Total Estimate Location
ation Phase Description ment xisting () Bury (ft.) @in) (/7t) ($/ft) rice (3/ft) Admin. 10% per LF per LF per LF | per LF per LF per LF per LF per LF per LF
46,375 $22,021,200 $2,446,800 $24,468,000
:’:f;'cidtir 20072015  |WSI_613 Sewer Growth 4 0% 100% | 1,950 10 21 $262 $69 $331 $582,300 $64,700 $647,000 419 SW 27t Stee, beveen SWHghland Avene and SW Cascade | - pg5 | g7 $9 $21 $0 $0 $0 $10 $0 $0 $0 | $ 331
2007-2015  [SS17D073 Sewer Growth 4 0% 100% 348 8 18 $262 $53 $315 $99,000 $11,000 $110,000 |Along SW 27th Street, between SW Indian Ave and Juniper $ 256 $26 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 315
2007-2015  [SS17D072 Sewer Growth 4 0% 100% 120 8 18 $262 $53 $315 $34,200 $3,800 $38,000 |Along SW 27th Street, south of Juniper $ 256 $26 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 315
2007-2015  [SS17D071 Sewer Growth 4 0% 100% 375 8 18 $262 $53 $315 $107,100 $11,900 $119,000 |Along SW 27th Street, between Juniper and SW Lava $ 256 $26 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 315
2007-2015  |Link680 Sewer Growth 4 0% 100% | 440 8 18 $262 $53 $315 $125,100 $13,900 $139,000 479 SW 27t Stee, beeen SW nden Avenve and SWHERaNd | 956 | g6 $9 $15 30 $0 $0 $10 $0 $0 $0 | $ 315
2007-2015 |WSI_614 Sewer Growth 4 0% 100% | 1,850 11 18 $262 $158 $420 $699,300 $77,700 $777,000 419 SW 2T Stee betueen W Obsian Avemue and SWLave | ¢ 343 | g4 $9 $24 $0 $0 $0 $10 $0 $0 $0 | $ 420
2007-2015 |WSI_615 Sewer Growth 4 0% 100% | 2,050 9 18 $262 $02 $354 $653,400 $72,600 $726,000 19 SW 271 Stee beeen SW Samon Avenue and SWObstiEn | - o | g9 $9 $18 $0 $0 $0 $10 $0 $0 $0 | $ 354
2007-2015 |WSI_616 Sewer Growth 4 0% 100% | 3,800 9 15 $262 $133 $395 $1,350,000 $150,000  $1,500,000 [;ord SV 270 Seet between SW Samon Avenue and SWObsan | ¢ 395 | g33 $9 $18 $0 $0 $0 $10 $0 $0 $0 | $ 395
WSI Totals 10,933 $3,650,400 $405,600 $4,056,000
:iﬁ;izs;mr 2021-2025  |Link948 Sewer Growth 4 0% 100% 50 8 36 $262 $311 $573 $26,100 $2,900 $29,000 |Link to Redmond Water Pollution Control Facity $ 490 $49 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 573
2021-2025  |Link942 Sewer Growth 4 0% 100% 220 5 27 $262 $55 $316 $63,000 $7,000 $70,000 |Link to Redmond Water Pollution Control Facility $ 265 $27 $9 $6 $0 $0 $0 $10 $0 $0 $0 $ 316
2021-2025  |Link946 Sewer Growth 4 0% 100% 100 5 24 $262 $55 $316 $28,800 $3,200 $32,000 |Link to Redmond Water Pollution Control Facility $ 265 $27 $9 $6 $0 $0 $0 $10 $0 $0 $0 $ 316
2021-2025  |Link947 Sewer Growth 4 0% 100% 212 5 24 $262 $55 $316 $61,200 $6,800 $68,000 |Paralel to and west of NW Canyon Dr, north of NW Spruce Ave $ 265 $27 $9 $6 $0 $0 $0 $10 $0 $0 $0 $ 316
2021-2025  |Link907 Sewer Growth 4 0% 100% 350 5 24 $262 $55 $316 $99,900 $11,100 $111,000 |Parallel to and west of NW Canyon Dr, north of NW Spruce Ave $ 265 $27 $9 $6 $0 $0 $0 $10 $0 $0 $0 $ 316
2021-2025  |Link909 Sewer Growth 4 0% 100% 260 5 24 $262 $55 $316 $74,700 $8,300 $83,000 |Parallel to and west of NW Canyon Dr, north of NW Spruce Ave $ 265 $27 $9 $6 $0 $0 $0 $10 $0 $0 $0 $ 316
2021-2025  |Link908 Sewer Growth 4 0% 100% 180 4 24 $262 $52 $314 $51,300 $5,700 $57,000 |Along Dry Canyon floor, north of Redmond Water Pollution Control faciity | $ 265 $27 $9 $3 $0 $0 $0 $10 $0 $0 $0 $ 314
2021-2025  |Link910 Sewer Growth 4 0% 100% 480 8 24 $262 $141 $403 $174,600 $19,400 $194,000 |Crossing Dry Canyon Ridge, west of NW Upas Ave $ 336 $34 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 403
2021-2025  |Link911 Sewer Growth 4 0% 100% 2,090 12 24 $262 $278 $540 $1,015,200 $112,800 $1,128,000 |Parallel to NW Upas Ave, west of NW 10th St $ 449 $45 $9 $27 $0 $0 $0 $10 $0 $0 $0 $ 540
2021-2025  |Link912 Sewer Growth 4 0% 100% 370 14 24 $262 $284 $546 $181,800 $20,200 $202,000 |Parallel to and west of NW 10th St, north of NW Upas Ave $ 449 $45 $9 $33 $0 $0 $0 $10 $0 $0 $0 $ 546
2021-2025  |Link914 Sewer Growth 4 0% 100% 1,294 13 24 $262 $281 $543 $632,700 $70,300 $703,000 |North of NW Upas Ave, crossing NW 10th St $ 449 $45 $9 $30 $0 $0 $0 $10 $0 $0 $0 $ 543
2021-2025  |Link913 Sewer Growth 4 0% 100% 820 13 24 $262 $281 $543 $400,500 $44,500 $445,000 |Parallel to and east of NW 10th St, south of NW Pershall Way $ 449 $45 $9 $30 $0 $0 $0 $10 $0 $0 $0 $ 543
2021-2025  |Link916 Sewer Growth 4 0% 100% 600 14 24 $262 $284 $546 $295,200 $32,800 $328,000 |South of NW Pershall Way, east of NW 10th St $ 449 $45 $9 $33 $0 $0 $0 $10 $0 $0 $0 $ 546
2021-2025  |Link915 Sewer Growth 4 0% 100% 445 17 24 $262 $412 $674 $270,000 $30,000 $300,000 |Parallel to and south of NW Pershall Way, west of Hwy 97 $ 557 $56 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 674
FEIl Totals 7,471 $3,375,000 $375,000 $3,750,000
E?th'cse:gteor 2007-2015 |SS03B037 Sewer Growth 4 0% 100% 200 18 27 $262 $413 $675 $121,500 $13,500 $135,000 |Along BNSF Railroad ROW south of NE King $ 556 $56 $9 $44 $0 $0 $0 $10 $0 $0 $0 $ 675
2007-2015  [SS03B038 Sewer Growth 4 0% 100% 230 7 27 $262 $160 $422 $87,300 $9,700 $97,000 |Along BNSF Railroad ROW south of NE King $ 355 $36 $9 $12 $0 $0 $0 $10 $0 $0 $0 $ 422
2007-2015  [SS03B039 Sewer Growth 4 0% 100% 360 11 27 $262 $236 $498 $162,000 $18,000 $180,000 |Along BNSF Railroad ROW north of NE Redwood $ 414 $41 $9 $24 $0 $0 $0 $10 $0 $0 $0 $ 498
2007-2015 |SS03B040 Sewer Growth 4 0% 100% 400 16 27 $262 $343 $605 $217,800 $24,200 $242,000 |Along BNSF Railroad ROW between NE Redwood and NE Quince $ 498 $50 $9 $39 $0 $0 $0 $10 $0 $0 $0 $ 605
2007-2015 |SS03B041 Sewer Growth 4 0% 100% 130 17 27 $262 $346 $608 $72,000 $8,000 $80,000 |Along BNSF Railroad ROW at NE Quince $ 498 $50 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 608
2007-2015  |ESI600 Sewer Growth 4 0% 100% 1,300 17 24 $262 $332 $594 $695,700 $77,300 $773,000 |Along BNSF Railroad ROW north of NE Negus $ 485 $49 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 594
2007-2015 |ESI601 Sewer Growth 4 0% 100% 1,530 20 24 $262 $421 $683 $940,500 $104,500 $1,045,000 | West of NE 5th Street north from NE Shoshone $ 557 $56 $9 $50 $0 $0 $0 $10 $0 $0 $0 $ 683
2016-2020 |ESI603 Sewer Growth 4 0% 100% 1,350 14 24 $262 $284 $546 $663,300 $73,700 $737,000 |Parallel and west of 3rd Street from NE Kilnwood Lane to NE Negus $ 449 $45 $9 $33 $0 $0 $0 $10 $0 $0 $0 $ 546
2016-2020 |ESI594 Sewer Growth 4 0% 100% | 1,250 13 24 $262 $221 $483 $543,600 $60,400 $604,000 |Along BNSF Railroad ROW north of NE Hemlock to NE Kinwood Lane | $ 395 $39 $9 $30 $0 $0 $0 $10 $0 $0 $0 $ 483
2016-2020 |ESI_Negus Sewer Growth 3 50% 50% 55 10 12 $262 $66 $328 $17,100 $1,900 $19,000 |Along NE Negus Way, east of the railroad ROW $ 262 $26 $9 $21 $0 $0 $0 $10 $0 $0 $0 $ 328
2016-2020 |FEi_717 Sewer Growth 3 50% 50% 400 8 12 $262 $60 $322 $116,100 $12,900 $129,000 |Along NE Negus Way, between NE 11th St and NE 9th St $ 262 $26 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 322
2016-2020 |FEi_716 Sewer Growth 3 50% 50% 1,000 13 12 $262 $130 $392 $352,800 $39,200 $392,000 |Along NE Negus Way, between NE 9th St and NE 7th St $ 312 $31 $9 $30 $0 $0 $0 $10 $0 $0 $0 $ 392
2016-2020  [SS10B046 Sewer Growth 3 50% 50% 216 10 12 $262 $66 $328 $63,900 $7,100 $71,000 |Along NE Negus Way, between NE 6th St and NE 5th St $ 262 $26 $9 $21 $0 $0 $0 $10 $0 $0 $0 $ 328
2016-2020 | SS03C008 Sewer Growth 3 50% 50% 172 12 12 $262 $127 $389 $60,300 $6,700 $67,000 |Along NE Negus Way, west of NE 5th St $ 312 $31 $9 $27 $0 $0 $0 $10 $0 $0 $0 $ 389
2016-2020  |Link715 Sewer Growth 3 50% 50% 470 10 12 $262 $66 $328 $139,500 $15,500 $155,000 |Along NE Negus Way, west of NE 5th St $ 262 $26 $9 $21 $0 $0 $0 $10 $0 $0 $0 $ 328
2021-2025  |ESI593 Sewer Growth 4 0% 100% 2,600 13 24 $262 $221 $483 $1,131,300 $125,700 $1,257,000 |Along BNSF Railroad ROW south of NE Hemlock $ 395 $39 $9 $30 $0 $0 $0 $10 $0 $0 $0 $ 483
2021-2025 |ESI604 Sewer Growth 4 0% 100% | 1,500 10 24 $262 $212 $474 $640,800 $71,200 $712,000 |Along BNSF ROW from SE Evergreen Avenue to E Antler Avenue $ 395 $39 $9 $21 $0 $0 $0 $10 $0 $0 $0 $ 474
2021-2025 |ESI606 Sewer Growth 4 0% 100% | 3,000 6 18 $262 $12 $274 $739,800 $82,200 $822,000 |Along BNSF ROW from Kalama Avenue to SE Evergreen Avenue $ 224 $22 $9 $9 $0 $0 $0 $10 $0 $0 $0 $ 274
2021-2025 |ESI607 Sewer Growth 4 0% 100% | 2,000 9 18 $262 $152 $414 $746,100 $82,900 $829,000 |Along BNSF ROW from Kalama Avenue south of SE Evergreen Avenue | $ 343 $34 $9 $18 $0 $0 $0 $10 $0 $0 $0 $ 414
20212025 |ESI_001 Sewer Growth 4 0% 100% | 4,830 10 18 $262 $155 $417 $1,813,500 $201,500|  $2,015,000 [f1om ENSF RO forh of i eterans vy, caston SWetems W, | ¢ 343 | $34 $9 $21 30 $0 $0 $10 $0 $0 $0 | $ 417
2021-2025  |LineN Sewer Growth 4 0% 100% | 2,770 10 8 $262 $36 $208 $742,500 $82,500 $825,000 oyt 10 e ot end of WL Stto dppoximately LO0westof | g 55 | g3 $9 $21 $0 $0 $0 $10 $0 $0 $0 | $ 208
2021-2025  |ESSI Sewer Growth 4 0% 100% | 7,200 15 12 $262 $402 $664 $4,300,200 $477.800|  $4,778,000| 04 O 13t St contiuing south on SE Aiport Way, along SE 19 S| o 55 | ggp $9 $36 30 $0 $0 $10 $0 $0 $0 | $ 664
ESI Totals 32,963 $14,367,600 $1,596,400 $15,964,000
Line A 2007-2015  |LineA ‘ Sewer ‘ Growth ‘ 4 ‘ 0% ‘ 100% ‘ 5,300 ‘ 20 ‘ 15 ‘ $262 ‘ $219 ‘ $481 ‘ $2,295,000 ‘ $255,000 ‘ 2,550,000 | e of aseade View Phase 7S, cong SW Cana BT SW2TH g 574 ‘ $37 ‘ $9 ‘ $50 ‘ $0 ‘ $0 ‘ $0 ‘ $10 ‘ $0 ‘ $0 ‘ $0 ‘ $ 481
. . South along SW Helmholtz Way, between SW Obsidian Ave and SW Xero
Line D 2007-2015  |LineD Sewer Growth 4 0% 100% | 9,900 14 15 $262 $201 $463 $4,128,300|  $458,700|  $4,587,000 0t St st of S Xero Ave $ 374 $37 $9 $33 $0 $0 $0 $10 $0 $0 $0 | $ 463
. . East along E Antler Ave from SE Railroad Blvd, south to SE Black Butte
LineJ 2021-2025  |LineJ Sewer Growth 4 0% 100% | 5,750 15 8 $262 $96 $357 $1,850,400)  $205,600|  $2,056,000 g0 0 Tl ole Bid.notth on S 6 St easton E Anteravd & 275 | $28 $9 $36 $0 $0 $0 $10 $0 $0 $0 |$ 357




“Local" 8- Incremental
. Cost
inch sewer X ) . -
cost, 10 exceeding Total Traffic Rock Tunneling Land Utility
feet r;eep "local" sewer |  project Unit | Engin. & | Control |Excava-tion| Found. Trench Erosion | Boring, Acquis- relo- | Total Unit
Allocations Pipelines cost Cost Costs Price Admin. |unit price| Unit Price Stabil. |CDF Fill| Dewatering | Control Jacking ition cation Price
Improve- Reason for Average . . R . B Allowance for
Project Type tITpIe';nhen Model ID ment Improve- Priority Lépgr?de Growth Lerf1gth Depth of Dlameter Um;/znce Unl;:nce PFEO.JECt;/Jth Construc-tion Eng. & Total Estimate Location
ation Fhase Description ment xisting () Bury (ft.) @in) (/7t) ($/ft) rice (3/ft) Admin. 10% per LF per LF per LF | per LF per LF per LF per LF per LF per LF
Line K ‘ 2021-2025  |LineK ‘ Sewer ‘ Growth ‘ 4 ‘ 0% ‘ 100% ‘ 9,790 ‘ 8 ‘ 10 ‘ $262 $58 ‘ $320 ‘ $2,823,300‘ $313,7oo‘ $3,137,000 §3V5‘0":|"’;§ysf2§ve'g'“" Ave flom BNSF ROW, south on SE St S then | ¢/ 569 ‘ $26 ‘ $9 ‘ $15 ‘ $0 ‘ $0 ‘ $0 ‘ $10 ‘ $0 ‘ $0 ‘ $0 ‘ $ 320 ‘
Line L ‘ 2021-2025  |Linel ‘ Sewer ‘ Growth ‘ 4 ‘ 0% ‘ 100% ‘ 2,730 ‘ 10 ‘ 8 ‘ $262 $36 ‘ $298 ‘ $732,600‘ $81,400‘ $814,000 [ 2PPIOGMAEY 1,000 vestof SW Reideer Ave 0 SIS ot | g 55 ‘ $23 ‘ $9 $21 $0 $0 $0 ‘ $10 $0 $0 $0 ‘ $ 208 ‘
g;‘l’:cye:lzst 2007-2015 | SS15B018 |  Sewer Capacity 3 0% 100% | 428 u 12 $262 $123 $385 $148,500 $16,500 165,000 |(omeen Ralfoad B and SE Fankin Svet, beveen SE Backand SE | 395 | g1 $9 $22 $0 $0 $0 $10 $0 $0 $0 | $ 385
2007-2015 | SS04B059 |  Sewer Capacity 3 0% 100% 14 5 12 $262 $0 $248 $3,600 $400 $4,000 flfN‘"’f;m")NW 16t and NW Canyon (W of 2807 NW Camyon & Eof 3100 | ¢ 503 | g $9 35 30 $0 $0 $10 $0 $0 $0 | $ 248
2007-2015 SS09A071 Sewer Capacity 3 0% 100% 8 8 15 $262 $41 $303 $2,700 $300 $3,000 |S of 850 NW Maple in, & N of midpoint of 1554 NW 9th & 1553 N\W 8th St.| $ 246 $25 $9 $14 $0 $0 $0 $10 $0 $0 $0 $ 303
2007-2015 | SS15B047 Sewer Capacity 3 0% 100% 309 8 10 $262 $26 $288 $80,100 $8,900 $89,000 |E from 365 SE Ridge Way to 545 SE Deschutes Ave (W of Canal) $ 231 $23 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 288
2007-2015 | SS15B049 |  Sewer Capacity 3 0% 100% | 167 6 10 $262 $0 $250 $37,800 $4,200 $42,000 [ 19 South of 649 S& Evergreen Ave dock WO SS9 SEBvergreen. | ¢ 507 | $20 $9 $10 $0 $0 $0 $10 $0 $0 $0 | $ 250
2007-2015 | SS15B039 |  Sewer Capacity 3 0% 100% | 369 6 10 $262 $0 $250 $83,700 $9,300 $03,000 1o bebieen 436 00 439 lock of SE Descutes Ave 0 SOT25LSE ¢ 507 | g20 $9 $10 $0 $0 $0 $10 $0 $0 $0 | $ 250
2007-2015 | SS15B046 |  Sewer Capacity 3 0% 100% | 130 ; 10 $262 $0 $253 $29,700 $3,300 $33,000 E:;’;“j:;“ Deschutes Ave (Wof Cana) to Eof Canal (Nof 436 SE | = 55 | g0 $9 $12 $0 $0 $0 $10 $0 $0 $0 | $ 253
2007-2015 SS15B038 Sewer Capacity 3 0% 100% 341 6 10 $262 $0 $249 $76,500 $8,500 $85,000 |S of 251 SE 5th St to N of 211 SE 5th St.. $ 202 $20 $9 $8 $0 $0 $0 $10 $0 $0 $0 $ 249
2007-2015 | SS04BO14 |  Sewer Capacity 3 0% 100% | 414 ; 21 $262 $59 $321 $119,700 $13,300 $133,000 ;:;!f"le“s’ 266310 2545 NW canyon Dr Property ines. W of hese $ 265| $27 $9 $10 30 $0 30 $10 30 30 $0 |$ 321
2007-2015 | SS15B015 |  Sewer Capacity 3 0% 100% | 21 10 12 $262 $67 $329 $6,300 $700 $7,000| s Pty beueen 353 SE Ralload B0 & 216 SERaload Bhate | g 563 | 26 $9 $22 $0 $0 $0 $10 $0 $0 $0 | $ 320
" NW of 208 SE Franklin St to SW of 228 SE Franklin St (parallel to the W
2007-2015 | SS15B030 |  Sewer Capacity 3 0% 100% | 180 10 12 $262 $66 $328 $53,100 $5,900 850,000 | et bk B 20 & ot S Frniin's| & 262 | $26 $9 $20 30 $0 30 $10 30 30 $0 | $ 328
Gravity Pipe
Replacement 2,380 $641,700 $71,300 $713,000
Totals
Total $57,508,000

Phase:

Notes:
1. Pipe Priority Level:

1 = Current Capacity Deficiency
2 = Capacity Deficiency within 5 years
3 = Capacity Deficiency at Buildout

2. Alignment 4 = Growth Driven Improvement



APPENDIX C, EXHIBIT 2
Wastewater Collection Sytem URA Buildout Project List (Costs based on ENR CCI Seattle = 8626

“Local" 8- Incremental
inch sewer COSt. Unit price | Eng. & Traffic ROCk. Found. .. | Trench De; Erosion Tunn_elmg Lan_d_ Utility TOt?I
exceeding Total . Control |Excavation N CDF Fill . Boring, | Acquisi- ? Unit
cost, 10 |, " from table| Admin. R . Stabil. watering | Control . A relocation .
feet deep local" sewer Project unit price| Unit Price Jacking tion Price
n Allocations Pipelines cost Cost Costs
Implemen- Improve- |Reason for Average | Dia- I R . . _ | Allowance
Project Type| tation Model ID ment Improve- | Priority Up_grgde Growth Length Depth of | meter Unit Price | Unit Price Pro_Ject unit Con.S"uc for Eng. & T9ta| Location 10% per LF per LF per LF per LF per LF per LF per LF per LF per LF
- Existing (ft.) ) ($/ft) ($/ft) Price ($/ft) tion h Estimate
Phase Description ment Bury (ft.)| (in.) Admin.
;ﬁ;iaesp‘wr 2021-2025 | Linko17 |  Sewer Growth 4 0% 100% | 960 17 24 $262 $412 $674 $582,300)  $64,700  $647,000|Fae 0 M souhofNE Yucca e, betueen NW Canal BGand | - 557 | g5 $9 $41 $0 $0 $0 $10 $0 $0 $0 $ 674
2021-2025 | Link919 Sewer Growth 4 0% 100% | 1,982 9 24 $262 $144 $406 $725,400 $80,600 $806,000 |Parallel to and south of NE Yucca Ave, east of NW Canal Blvd $ 336 $34 $9 $18 $0 $0 $0 $10 $0 $0 $0 $ 406
2021-2025 | Link918 Sewer Growth 4 0% 100% | 2,420 4 24 $262 $52 $314 $683,100 $75,900 $759,000 |Parallel to and south of NE Yucca Ave, west of NE 17th St $ 265 $27 $9 $3 $0 $0 $0 $10 $0 $0 $0 $ 314
2021-2025 | Link921 Sewer Growth 4 0% 100% | 1,650 7 24 $262 $99 $361 $537,300 $59,700 $597,000 |Parallel to NE 17th St, crossing NE King Way $ 301 $30 $9 $12 $0 $0 $0 $10 $0 $0 $0 $ 361
2021-2025 Link920 Sewer Growth 4 0% 100% 910 8 24 $262 $141 $403 $331,200 $36,800 $368,000 |West from NE Upas Ave, west of NE 17th St $ 336 $34 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 403
2021-2025 | CFEI_21 Sewer Growth 4 0% 100% | 1,290 8 24 $262 $141 $403 $468,900 $52,100 $521,000 |Along NE Upas Ave between NE 21st Dr and NE 17th St $ 336 $34 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 403
2021-2025 | CFEI_20 Sewer Growth 4 0% 100% 670 9 24 $262 $144 $406 $245,700 $27,300 $273,000 |Running north-south, south of NE Upas Ave $ 336 $34 $9 $18 $0 $0 $0 $10 $0 $0 $0 $ 406
2021-2025 | Link927 Sewer Growth 4 0% 100% 627 8 10 $262 $58 $320 $180,900 $20,100 $201,000 |Running north-south, east of NE Negus Way $ 261 $26 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 320
2021-2025 | CFEI_19 Sewer Growth 4 0% 100% 177 8 24 $262 $141 $403 $64,800 $7,200 $72,000 [Running east-west, south of NE Upas Ave and east of NE Negus Way $ 336 $34 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 403
2021-2025 | Link926 Sewer Growth 4 0% 100% | 1,320 8 10 $262 $58 $320 $380,700 $42,300 $423,000 |Running north-south, east of NE Negus Way $ 261 $26 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 320
2021-2025 Link925 Sewer Growth 4 0% 100% 1,301 8 10 $262 $58 $320 $375,300 $41,700 $417,000 |Running north-south, east of NE Negus Way $ 261 $26 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 320
2021-2025 | Link924 Sewer Growth 4 0% 100% | 1,499 8 10 $262 $58 $320 $432,900 $48,100 $481,000 |Running east-west, north of NE Maple Ave from NE Negus Way $ 261 $26 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 320
2021-2025 | Link923 Sewer Growth 4 0% 100% | 1,318 8 10 $262 $58 $320 $380,700 $42,300 $423,000 |Parallel to and east of NE 11th St, north of NE Maple Ave $ 261 $26 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 320
2021-2025 | Link922 Sewer Growth 4 0% 100% | 1,331 8 10 $262 $58 $320 $384,300 $42,700 $427,000 |Parallel to and east of NE 11th St, south of NE Maple Ave $ 261 $26 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 320
2021-2025 | CFEI_18 Sewer Growth 4 0% 100% 270 8 24 $262 $141 $403 $98,100 $10,900 $109,000 | Running east-west, south of NE Upas Ave and east of NE Negus Way $ 336 $34 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 403
2021-2025 | CFEI_17 Sewer Growth 4 0% 100% 346 8 24 $262 $141 $403 $126,000 $14,000 $140,000 |Running east-west, south of NE Upas Ave and east of NE Negus Way $ 336 $34 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 403
2021-2025 | CFEI_16 Sewer Growth 4 0% 100% 350 8 24 $262 $141 $403 $127,800 $14,200 $142,000 |Running east-west, south of NE Upas Ave and east of NE Negus Way $ 336 $34 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 403
2021-2025 | CFEI_15 Sewer Growth 4 0% 100% 235 6 24 $262 $97 $358 $76,500 $8,500 $85,000 [Running east-west, south of NE Upas Ave and east of NE Negus Way $ 301 $30 $9 $9 $0 $0 $0 $10 $0 $0 $0 $ 358
2021-2025 | CFEI_14 Sewer Growth 4 0% 100% 135 4 24 $262 $52 $314 $38,700 $4,300 $43,000 Running east-west, south of NE Upas Ave and east of NE Negus Way $ 265 $27 $9 $3 $0 $0 $0 $10 $0 $0 $0 $ 314
2021-2025 | CFEI_13 Sewer Growth 4 0% 100% | 1,320 7 18 $262 $51 $312 $371,700 $41,300 $413,000 |Running east-west, south of NE Upas Ave and east of NE Negus Way $ 256 $26 $9 $12 $0 $0 $0 $10 $0 $0 $0 $ 312
2021-2025 | CFEI_12 Sewer Growth 4 0% 100% 1,320 12 18 $262 $161 $423 $503,100 $55,900 $559,000 |Running north-south, south of NE Upas Ave $ 343 $34 $9 $27 $0 $0 $0 $10 $0 $0 $0 $ 423
2021-2025 | CFEI_11 Sewer Growth 4 0% 100% 990 11 18 $262 $158 $420 $374,400 $41,600 $416,000 |Parallel to and south of NE Upas Ave, east of NE Negus Way $ 343 $34 $9 $24 $0 $0 $0 $10 $0 $0 $0 $ 420
2021-2025 | CFEI_10 Sewer Growth 4 0% 100% 1,320 13 18 $262 $219 $481 $571,500 $63,500 $635,000 |Running north-south, south of NE Upas Ave $ 393 $39 $9 $30 $0 $0 $0 $10 $0 $0 $0 $ 481
2021-2025 Link928 Sewer Growth 4 0% 100% 1,006 14 10 $262 $183 $445 $403,200 $44,800 $448,000 |Running east-west, north of NE Maple Ave $ 358 $36 $9 $33 $0 $0 $0 $10 $0 $0 $0 $ 445
2021-2025 Link929 Sewer Growth 4 0% 100% 1,320 14 18 $262 $222 $483 $575,100 $63,900 $639,000 |Running north-south, north of E Antler Ave $ 393 $39 $9 $33 $0 $0 $0 $10 $0 $0 $0 $ 483
2021-2025 CFEI_8 Sewer Growth 4 0% 100% 1,320 7 18 $262 $51 $312 $371,700 $41,300 $41.3,000 |Running north-south, north of E Antler Ave $ 256 $26 $9 $12 $0 $0 $0 $10 $0 $0 $0 $ 312
2021-2025 Link930 Sewer Growth 4 0% 100% 1,012 9 10 $262 $61 $323 $295,200 $32,800 $328,000 |Running east-west, north of NE Maple Ave $ 261 $26 $9 $18 $0 $0 $0 $10 $0 $0 $0 $ 323
2021-2025 CFEL_7 Sewer Growth 4 0% 100% 1,320 4 12 $262 $0 $245 $292,500 $32,500 $325,000 |Running north-south, north of E Antler Ave $ 203 $20 $9 $3 $0 $0 $0 $10 $0 $0 $0 $ 245
2021-2025 Link931 Sewer Growth 4 0% 100% 1,045 3 10 $262 $0 $211 $198,900 $22,100 $221,000 |Running east-west, from east end of NE Maple Ave $ 175 $17 $9 $0 $0 $0 $0 $10 $0 $0 $0 $ 211
2021-2025 | Link934 Sewer Growth 4 0% 100% | 1,020 6 10 $262 $0 $250 $229,500 $25,500 $255,000 |Running east-west, north of E Antler Ave and east of SE 11th St $ 202 $20 $9 $9 $0 $0 $0 $10 $0 $0 $0 $ 250
2021-2025 | Link932 Sewer Growth 4 0% 100% 330 5 12 $262 $0 $248 $73,800 $8,200 $82,000 |Running east-west, north of E Antler Ave and east of SE 11th St $ 203 $20 $9 $6 $0 $0 $0 $10 $0 $0 $0 $ 248
2021-2025 | Link933 Sewer Growth 4 0% 100% | 1,570 8 10 $262 $26 $288 $407,700 $45,300 $453,000 |Running east-west, north of E Antler Ave and east of SE 11th St $ 231 $23 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 288
2021-2025 | CFEI_6 Sewer Growth 4 0% 100% | 1,320 5 12 $262 $0 $248 $295,200 $32,800 $328,000 |Running north-south, north of E Antler Ave and east of SE 9th St $ 203 $20 $9 $6 $0 $0 $0 $10 $0 $0 $0 $ 248
2021-2025 | CFEI_5 Sewer Growth 4 0% 100% | 1,340 9 12 $262 $63 $325 $392,400 $43,600 $436,000 |Running north-south, north of E Antler Ave and east of SE 9th St $ 262 $26 $9 $18 $0 $0 $0 $10 $0 $0 $0 $ 325
2021-2025 | Link936 Sewer Growth 4 0% 100% | 1,350 6 10 $262 $0 $250 $303,300 $33,700 $337,000 |Running east-west, north of E Antler Ave and east of SE 9th St $ 202 $20 $9 $9 $0 $0 $0 $10 $0 $0 $0 $ 250
2021-2025 | Link935 Sewer Growth 4 0% 100% | 1,360 8 10 $262 $58 $320 $392,400 $43,600 $436,000 |Running east-west, north of E Antler Ave and east of SE 9th St $ 261 $26 $9 $15 $0 $0 $0 $10 $0 $0 $0 $ 320
2021-2025 | CFEI_4 Sewer Growth 4 0% 100% | 1,300 9 10 $262 $61 $323 $378,900 $42,100 $421,000 |Running north-south, south of E Antler Ave and east of SE 9th St $ 261 $26 $9 $18 $0 $0 $0 $10 $0 $0 $0 $ 323
2021-2025 | Link938 Sewer Growth 4 0% 100% 1,320 6 10 $262 $0 $250 $297,000 $33,000 $330,000 |Running east-west between Hwy 126 and E Antler Ave, east of SE9th St | $ 202 $20 $9 $9 $0 $0 $0 $10 $0 $0 $0 $ 250
2021-2025 | Link937 Sewer Growth 4 0% 100% | 1,320 10 10 $262 $64 $326 $387,900 $43,100 $431,000 |Running east-west between Hwy 126 and E Antler Ave, eastof SE9th St | $ 261 $26 $9 $21 $0 $0 $0 $10 $0 $0 $0 $ 326
2021-2025 | Link939 Sewer Growth 4 0% 100% | 1,320 10 10 $262 $64 $326 $387,900 $43,100 $431,000 |Running north-south between Hwy 126 and E Antler Ave, east of SE9th St | $ 261 $26 $9 $21 $0 $0 $0 $10 $0 $0 $0 $ 326
FEI Totals 44,314 $13,743,900| $1,527,100 $15,271,000
New Far West i I d h h hal
Pressure | 2021-2025 | - Sewer Growth 4 0% 100% | 6,440 5 6 $262 $0 $218 $1,265,400|  $140,600| $1,406,000 ;:;‘h;fegm'y‘“(;ﬁ’:;’;v:w 38 Stio Nortwest Way, southalong | 176 | 318 $9 $6 $0 $0 $0 $10 $0 $0 $0 $ 218
Pipe
Pump . N Walnut Ave and NW 38th St (Note that 15% was used for engineering
Stations ‘ 2021-2025 ‘ Far West | Lift Station | Growth ‘ 4 ‘ 0% 100% | NA ‘ NA NA ‘ NA ‘ NA NA ‘ $415,650‘ $73,350‘ 489,000 |estmae i e of 109 for i prjet) ‘
Total $17,166,000
n Phase: Notes:
5 1. Pipe Priority Level:
2
5 1 = Current Capacity Deficiency
2 2 = Capacity Deficiency within 5 years

3 = Capacity Deficiency at Buildout




APPENDIX D

Far West and Far East Interceptor Profiles

CV0\072710002



Appendix D Explanatory Narrative

The pipeline profiles shown in Exhibits 1 and 2 of Appendix D represent the pipeline
alignments plotted along with ground surface data that was taken from two separate
sources.

The “Ground Grid” data series are the ground elevation values extracted from 5-foot sided
cells created from 2-foot contours of the city. The profile generated in XP-SWMM uses a line
tracing of the sewer route through the grid and extracts the data at equal intervals
depending on the length of the line (1000 points were extracted along each interceptor).
Where the slopes are steep (such as at canyon walls) the grid interpretation is less accurate.

The proposed interceptor alighments are outside the available contouring (and hence the
grid) in a few reaches. For these fringe areas, the grid elevation was assumed to be similar to
the closest grid points by moving the alignment perpendicular to fall within the grid. This
modified the reach lengths and the profiles reflect this adjustment.

The “Model Ground” data series are the manhole rim elevations as set in the model. To
develop the ground elevation profile, a straight line was drawn between manhole rims to
represent the model ground elevations, an approach that is less detailed than the grid
extracted values.

These two lines diverge at locations along the alignment, which is not problematic. When
preliminary design work for the projects begins, manhole locations, alignment, and
appropriate manhole rim and invert elevations will be established based on project-specific
survey data.

PDX/APPENDIX D EXPANATORY NARRATIVE.DOC 1
USE OR DISCLOSURE OF DATA CONTAINED ON THIS SHEET IS SUBJECT TO
THE RESTRICTION ON THE TITLE PAGE OF THIS PROPOSAL.
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Water Well Reports
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APR. 26. 2006y 9:23ANs : . 1y “Spt . 101389

|nzr.rumomfgc¢mpiwngthll repart mo%nni rmwmﬂalﬂofm N "\' f ")\u .‘g ~ SEErCone a ot =

(1) OWNER: wm _ (9} LOCATION OF WELL by legal description: o

Name Cltyofnedmonﬁ Iatitude longitude

" 158 T3E

Address E-r ;m%!! ’1":3; Range - Eorv\:‘.:fwm.

'——““—-:-“-‘—‘ Taxlet | Lnt ., BloOk Subdivision

(2) TYPE OF WORK:
L] e Well [Z]Deepening L] Alteration {rapariracondition) [ ] Abundonment

{3} DRILL METHOD:

I._| Rotary Alr E l Ruhry Mid  [T]Cable ] Auger
[Joter, .~ R
{4) PROPOSED I.IBE

7] Domestic [ community (] toiusirial [ istigation

[ ) Thermal {_ | Injecton I ] Livesinck tther
{5) BORE HOLE CONSTRUCTION:

Speoial Conetruction appraval [ | Yes | | Na D!pﬂlﬂfcnmplobd\l'hl! N )
Explosives used []Yes | No  Type e o Amourt —
- HOLE BEAL Amount
Diameter From Ta Materlal From  To | sacksof pounds

How was seal piaced: Method [JA 15 TG Oo OE
[Joter
Backill placed from el R Matesl T
Gravel plocsdfrom ___ Mto e R Siaofgrovel e
(6) CASINGILINER;

Dlameter From To mugcrsm Plastlc Wekied Threaded
Casing; | e D 0] D
Liner T “.j'._'. dond

. Frnanmﬁonpfmm e
(7 I’ERFORA‘I’!ONEJSCREENS.
[] Perforationa Moo e
"] Screans - L L — |
Slot Teie/plpe
From To size  Number Diameter size Caging Liqor
() ]
..... l.d Ml
00
() L
i . . Cl [
(8] WELL TESTS: Minimum testlng time Is 1 hour
[l Pump [ gatier LA = il
‘ﬂcld gab'rrm Drawdown Time

Orill stem ot

T AL ——

[T S S Y P g

ey

) [Fc—

s

Wnnmurml‘nhdnm? [ Yes  Bywhom

Did ainy strata contaln water Hot sultable for Imended use? T oot~

fb e s .

Tompersture of Water " Bigth Atoaian] Flowfound ___

D e T ——

Strewt Addrecs of Well fwooomlodmmg), . T

w

(10) STATIC WATER LEVEL:
oo Tt below land surfacs, " bate
Data

Artosian prescure Ib. per cquare inch,

(11) WATER BEARING ZONES:
Dapth at which water wag firet found

{12) WELL LOG:

e ey L L

Q.LS W__.I&L bd_offl
B!.'Qﬂﬂ Ava with As
Hard & ray ray Lg}va wlth Ash
Brawn Conglomerate
Gray Conglomerate
Erown Conglomerate Wa

D T

Brownl..a\ra yith Gray Ash WB
rown & Gray ¢ cangbmram wB,
rown Lava & Ash WB

Erown Conglomerate with Ash Wb RE

Brown é_@;ra.v_comlp_m_gah_ e

Gra Co ate Brow alt
m‘rﬁw@ﬁaﬁl
Medium Hard Gray Lava some Ash

Hard Gray Lava with As
Hard
wken AV Al ]
Silty Sand & Lava Chunks WB
Brown,Gray | Bruken Lava Hard WB _
Brown sﬂﬂd & Gravi Gra\rel WB
Brown Veslculn

Mediu G ray Basa
ro\:n Vesicula rBasait
: pxt

1

e — ey b 8

{unbonded) Wm-r Wall hnshm-tnr cer&ﬂutlcn.
lmwmhm:mmmmm alteratian, of abandenment
nfhsm:: oy e

Materials are trus to my béast knowledge and
beliaf.

. WWE Numbar,,
Signed . l‘:”‘m .i- !.9...9§ I

ouction, alferstion, or abandommernt werk
pﬂhmﬁmmhwﬂldmmanmmmmwm All wark
mmmhmammmmmmmwmmu
construction emndards, Thlammhhuubmehwofmyhmhdgundbaﬂﬂ

o ———

METY EJM lJﬂdor [ Golored  [Jother_ .
Depth of sirata:

ORIGINAL & FIRST COPY - WATER RESOURCES DEPARTMENT

it

L — ——

SECOND COPY - CONSTRUCTOR

e e s B —

Signed

Wesisrn Watar Devehpmant Corparation

THIRD CORY - CUSTOMER



VRV | oAty

I R X | "L"”.bj b ? "\ 101935
inatructions for compleling this report : areon np jm pagq pr this form ' ¢ C_) ‘U U{"' - (BMRT CARD} i “Page 3o 2
R e £ -
(1) CWNER: Well Number: wp e pie . | (8} LOCGATION OF WELL by legal description:
Name Clty of Redmond — =i T e bongide
Add " ownehip 195 Not 8. Range . EorW. of WM,
O T “:-ap EP-E-| o 2 5
i T Taxbod l..at — Riock ., . Bubdivislen
(2) TYPE OF WORK; Street Addrems of Wel (or Mﬂd addresa)
[ New wWail L}_ﬁmpenine [ ] Ateration \repaitirecondition) [] Abandonmeant = -~ —— e
; (10) STATIC WATER LEVEI.
(3 DRILL METHOD: ) Al i
LI Rotary Alr L} RotaryMud 1| Gable I} Augar Artoelan prossure Ib. per square inch.  Dats “"
[loter . SR =S | (11) WATER BEARING ZONES -
e — A T i a i :
{4) PROPOSED USE Depth ot which wotor wae fimtfound .
[ comestic I:] Gommunity [ industrial [T imgation I
|.] Tharmal || mjeciion [ Livermtiek [Jomer _Fram_ To... Estimaied Flow Rate ] _ML:I
{5) BORE HOLE CONSTRUCTION:
Special Canstruction approval [ Yes| |No  Dapth of Completed Well ____ o || PP | R S S
Buploaives ised [|¥es[INo Type Amount L_ T T e e
HOLE SEAL Amount . o
Dlameter From To Material From  To | sacks of pounds (12) WELL LOG: Ground Mlevation -
ST RSP SR R S Vi i Q! rg an Lav ardw =
s Brown Veslcull r Lava Plnholes WB____
N J O : — in& Gray Lavawg_
'p,f'-w-;“m,mm Neod [h 038 Te 5 T E SuﬂanMmsr_Jﬁ.WB
Backilipisced fem Mo . R Mederd e A i Etime
Grave| placedfrom ___ pin . Seeofgmvel _ R
e e e, W — el 1 AU e S B R L TET T Q) ST, St RO
(6) CASING/LINER; —

Diameter Prom To uauw'm Flastic Weided Threaded

Casing: . __, 0 o M CJ
R O [ I N N

wee L H :5" B e -
Hnmmnmm;_,,,,____"__'_:;: i e e WYATER RESOURC mr 1< TN SO S
(7) PERFORATIONS/SCREENS: , SALEM-BREGOM .

i"l m Mﬂd . ety L i b

[ Seraens e o Webena w |t o N

10

{unbondad) Water Well cumhuctor Certification:
I cartify that the wark | performad on the conttructon, atteration, or abandonment

' - == of this wel fa in Gompliance with Oregon water supslywefl construction tandords,
: (8] WELLTEBTS- Mlnlmum testing time Is 1 hour _ mm.mmm,.wmmﬁmmymmmm;
.1 Pump (7] Bailer (lair ] Flowing beliaf.
' P WWGC Number,
Yiokt gamin Drawdown  Dril steim ut Time L LA - " DO

{bended) Water Well Constructor Gertification:
| zocept responsibliity for the construction, alteratibn, or abandenmant wark
& e w1+ ens . | ORI on this well durieg the construction dates raportad obove, Al werk
‘l‘umpmhurwl’Wmﬁ e = Demhmlen MMM en s e | PEriOTMEd during this tme e in compliance with Oregon water supply well
Was 2 water analysis done? [] Yes Bywhom i s e e 1 | GOTSEUEHEN standards. This report fs true to tha beet of my knowledge and ballef,
Bid any sirata contaln waler not suitabls for intended uss? | ) Too litte . WWG Number 1385

[Jeaty [Jweady [7]odor []Golorsa []Other__ —— - s Daie
Pepth of airata; | i m__u,_, — . Western Watar Developmant Corporation

ORIGINAL & FIRST COPY « WATER RESOURCES DEPARTMENT SECOND COPY-CONSTRUGTOR  THIRD COPY - CUSTOMER

semm b e s

LR Pr—— L e il LT S




NO. 684 P 6
FRAPR26. 2006 9: 16AM % B VLT | ol
%?"5‘?5%’5}&; Gkl H E TER WELL REPORT \ :t-‘l'/
g Q N s
star Ereveen, ohuen mm é.d v 131969 __,“Qﬁf.?;f.?,",iﬁﬁ" W.e.f  swewan .A:)%’{'f__%
C et w-ll',e:mp;:ﬁun. it """" "' W RRn s "'f" ' State Permit No,

ML WY ]

o) 'o.wnzm-- r

WEIL .,T. CBPAT

(2) TYPE’EF WORK (ciieek): .

New Well - - Deepening 01 Bemdillon.lnt (m]
& abandanmi be mm%un in Item 13,

Ablndnnl:l s

® mx OF WELL: | (4) PROPOSED USE (cheek):

i ?,_f:;‘;“g | Domentte B maustetn Munlctpnrq

‘I:Illg Eoml o : !rrlglilnn 0 Test Well D Other
CASING INSTA B oresded (5] Welded

/ 0 pram, trom K h o ttte A T 0 CAte ﬁn

e 3 ﬁnmmﬁ...a..._n.w_ﬂ,@.nn. Guge AL

s Dlatn, trom . s B0 i B, T p—

PERFORATIONS: " Fertorescardf ven [ 1o,

%400 of used K fem o

&ize of partorations ? in, by :. o
Jsumv.éﬂ_mﬁmm.mm_hé‘“a n.ta__:'.?

——e s s PRFTOEA ST from 1'&.1.6---.“‘__............#.
st PEFLOPALISNE from N | 3T n

: periorations trom B R, N 7. k-3

(%) SCREENS: . . wet sgreen tnstalled? O Yor h’m '
Manufagtirer'y Name . .

TYpR S ,Model NO o
DAL, oo, Slot aize ..o Set from e 8 t0 .
DI, iy S10L K28 .. Bt from £t o £

(8) WATER LEVEL: Completed well,

Btatle level ft, velew land surfsce Date 2-‘ éi"-é?
= :lln mmrs g © ibs. per equare lneh Date -

9) WELL TESTS:

i i ’
B *‘”a.m:aﬂ v

. £8P Date
~f ¢ Waa b ehiemieal analysls made?

(1) CONSTRUCTION;

Temiparature of water

(13) LOCATION OF _WE!SL: : A
Caun o Driller's well numbey

- M T.
Bearing and distance from sedtion or Subdivialen gomer

Il
Ll

Eeelion

- ' -
(12) WELL LOG: 5 Dllmtu of well belnw eulng e "'t""{"
Depth drilled T 1 Depmor compleled: well u?ﬂd

" Formatlon: Deserlba color, texturk, gealn sie and atructure of. mate
and show thickness and nature of each swratum and aguifer ‘pepiets
with at Teast one entry for eachy change of formation, Repert each
in posltlor of Statlc Water Level a3 drilllhg proveeds: Note drilling |

MATZRIAL | T xom | 7o | 8
a Ve a»wa—*a" (%) [
i’.ﬁ} - X! Yl VA
._Lsew.é}"fi_.ﬁ_ """"l'—""_" L2 128
LA it daua A=
28 u c‘*azu"_ﬁ_ L2gx tees |
a a3l
EE!!:E 2: : m—%ﬂl,%% T
{mr z‘g.wv 773 0 P
Secr gnpee, doimn 122 -,.,.e&za'_.._.
ﬁ.’ﬁl'!’fr . P WA T .
mm_smm_;_ _M.:z._;.
-{daﬂl =!EL'.«'L— i m-—
Y éw_ f—!&.i’&&
AR, _Lealint  S9r9 Vs | /g0 |57
LINY. Ll Daine 7 A Sz} Ane|

> s . : - ] 2 rh—
= Sfaetan

P : ‘%:M&JZ

1

Work started 4/ = £/ BE $ Completed 2 -Ad .
Date well drilling machine moved off of well. '

2 A5
Drilling Machine Operator's Cortifieatton: : ’
‘This well wag eonstrueted under my- direct w.?::lkim 2
to-my |

rials used and ihformation reporisd sbove
‘ﬁgm i Dote FEA 5 10

kuowledge and betfef,

tSignedj m

. x L~ S
Welt am—umrhl uged .f w1 d-"'T WHT rmnmg Maching bperalor‘s Lleenao Nua. 1;3 Ko,
Bujty of seal . 1, wmr Well cantmsm Qertifteation: . °
Diaméter of well bore ts Sottem of sea) tn, - well wax aﬂumau mg mmlm lnd th!n rapdT
Were any 1602, strata comented ot [ Yes %ef Ne Dests h'ue tn th&Jui of my" ledga
Was & driva shos wed? O Yeu x _ A !:ﬁ':!’.'.... Jﬂ(LMM

Did any strars cantaln unyesble watery g . ' Ho
. ¥ ¥

Trpeot sfm:'? depty of strata

w”m Eravel '.'-."M' hu... a-.co-

< Pand

B OF DHREY

Address ./? ﬁlﬁ"m-mé" Ore -

| [Slmed}% ffﬁ-.#m#_ :




PR Ly LUNUT S e

STATE ENGINEER, SALEM, OREGON 97410
within 50 <aye from the date
. of well completion,

State Permit NO. woufo gt g

——

1) OWNER: WELL Z (16)'T.OCATION OF WELL,
Name City. of Radmond E Gounty_ v DMl well number

EEf

CLTR B g ne ERCIRT T e

Address, Recimond, Oragon
(2) TYPE OF WORK (cheek
New Well' § Deepening 1) Recondltioning [

I abandonment, describe matorial and progedure in Iiem 12,
(3) TYPE OF WELL: | (4) PROPOSED USE (check):

Absandon [}

Rotaty (1 Driven '
Cabla Jetted . O Domestio ] Industrial (3 Municipal 3
Dug {0 .Bored [

| Urrigation [) Test Well [ Other [m]

(8) .CASING INSTALLED: Threodsd O Welded I
16.....” Diom. rom §.2....... 10 ..280.... #. Gage ...,250...

Hiwe® DI, f10m . 288 2 t0 . J433..... # Gogs g 250...
i e, Digin, fram ... % to

(6) PERFORATIONS:

fh Qage ..

Pertorated? % Yes [J No.

Type of perforator used at

Bixe of perforatians é by 1 /8 in,

B gQR....... pertorations trom . 255, o thto o U3 s
— ensrns PEPIOratioNs from ft. ta - #,

el ﬂ'
o)

st o, PeMoTatiONS from " £ to ..,
"'_‘—-—-‘-Hw—h—_.__,,,______'__ o

(7) SCREENS: Well sereen installed? [ Yes o) No
Manufacturar's Na T

TFDE vt e i s ey e Modol N, v
Dlam, ........ Slot size ... ... et from ....uo... — [ L% /. S | ¥
DI, vve v BIOE 120 .,.eenenr, S0t from 1. to #,

HE_ # S _ysecwn 16728 8 w13 Eash  war

Beating and distince from section or subdivision corner

(11) WATER LEVEL: Completed well, ,
Depth at which water was first found ' 978 f.

Statie level . pfH ft. below land surtace, Date - 221k=75
Artesian preasure lba. per squsre inch, Date N
(12) WELL LOG:  piameter of well balow raeing J.ﬁ-hggtm

Depth drilled ), pp - 2. Depth of completed well ), 1.

Formation: Deseribe color, texture, grain gize and structyre of muterialy;
and show thickness and nature of agch glratum and aguifer penetrated,
Wwith at leasi cne eniry for each change of formation. Repdrt each change in
Position of Static Water Level and indioate principel water-bearing strats,

. MATERIAL ¥rom | To | swrn
8611 0 I
:Fﬁd_hm_ma_ b |1g
Bromm Conglomorate 15 | g8
Pupice BS_{ 95
Tan_Conglom, -85 {157
Loose Blask Cinders 1571 16}
Hard Blask Tava 16, 208
Bed Cinderg 2051 228

(8) WELL TESTS:  prwiows s smount myec hiw i e o 1 W13 i

Was a pump test made? ) Yes [ No I yes, by wham? Bﬁ Eiﬂa Iﬂn_"_!ibh_gmmm“ 149? 153;1

Yied: 1170 eal/min. with 38 £t drawdown aiter’ 99 _hrs. Hard 0lay stone L33 —
v e " ! ~ | Black Bagalt Lhol 52 |-
" " " "

Batler test gel/min with et drewdown etter _ hre

Artesian flow epm

Temperature of waier 52 Depih artesian flow encountered ... gt Work started .76 . .207)y Completed D 9} 9 78

(8) CONSTRUCTION:

Well seal—Material used mlmgaﬂamnt : .
Well sealed from land surtace to ... 28 ity g v - 7
Diameter of well bore to bottom of seal 13“:3“2% fﬂﬂ
Diameter of well bore below sea] .. X8 361, o

Number of sacks of cement used in well sgal ,‘Qhéirar.da, e, BaCKSE

Rumber of sacks of bantonite wied In well geRl ...\ .cu. e, sacky
Rrand name of bentonite

Rumber of pounds of Jentonite per 00 gaituns

b Water ..., ibg. /100 gals.

Wen & drive shoe used? [] Yes X No Flugs ... Sles: loeation ... ¢
"any strata contain unusable watery [ ¥es 3 No

i¥pe of wateys potabla depth of straty

‘Name ...HA..&.HJ..
(Paracn,

Dato well drilling machine moved off of well % 1

Drilling Machine Operator’s Corlificalion:

Thiz well was eonstrueted under m direet supervision,
Materials used and Information veported above are true to my

best knowledgs and beljef,
rmah%%%({‘%( s Date 221y ......, 0.

Drilling Machine -Operator's License No. LT

-

t97g

Waler Well Cutitraetor's Certifioatton:

This well was drifled under my jurisdietion and this report s
true 1o the best of my knowledge and belief, -

MLIRGQ..IHGJ..

£ or carperatian) (e or Brint

Addresy ,...B,0,.Box.51.... «Redmond,..Oregon. 97756.....
(Signed) .=

Contractor's License No. . UA8 ... Date ,2wll,.... .y 19.75

(VSR ADDITIONAL SHEETS IF NECESBARY)

BPABA5E-1 10



. Q- he ; ATER WELL REPORT Co NO. 684 ¥ TP 87
e APR. 26. 20061 9: 18AM (() WATE 3 (“‘ _ k

WATER, RESOURCES DEPARTMENT, STATE OF OREGON Btuts Well No.
. ; ‘g‘m‘m' OREGON pT310 (Please type or print)
< within 30 dayas from the date

' of-well completion, % &_LL. # 3 ‘{Do not welle above this line) Bwle Pm:n“ B
(1) OWNER: | (10) LOCATION OF WELL:
Name Clty of Redmond Ep"” C County Degschutes Driller's well number
Address  Clty Hall Yoo wseyion 22 1 158 R.13E - -\,
SEmon Oreson AL : e Bearing and dialanca from section or subdivision comer
(%) TYPE OF WORK (check): : ' e

New Well 8 Deepening ' Reconditioning 0 Abandon [

It abandonment, deseribe malerial and procedure In ltem 18, 3 (11) WATER LEVEL: Completod well
(3) TXPE OF WELL: | (4) PROPOSED USE (check): | pepn at whien water ws firet found 318 ;
o s O | bemeslie O mndutial O Munloipn) 8| Statie tever 315 g Sl Tand_sitace, Date 9% B
Duy’ O Tored (J Trrigation ) Test Well [0 Other [ | artesian pressure Tbs, per aquare inch. Date
%) GABING INSTALLED: mpsacea 1 weldedfig | (12)  WELL LOG: - piameter of weit betow castng .2
““:j:z"‘""' Diam. frocy - L . Gage thrd¥... = | Depth arilied 452 ° 1. Depth of completed well 452
w3 ® Digm, trem ....F g.,...,...’h. %0 A5 N Osge AT, .
; i . ] * | Formatian: Describe color, texture, graln slze and structure of materk
------ s Diam. from it. to ft. UBEE wurwmmmiem | and ghow thickness and nature of each stratum. and aquifer punctral
. i . . o cwe.. | With 8t least one entry far sach change of farmation, Report sach changi
(6) PERFORATIONS: Pertorated? P§ Yes [ No. rocltion of Statle Water Level and Indieate principal water-bearing sita
Type of perforatar used FRCLOYY : : S MATERIAL ) Cf oreomi | ove | wwi
Bizaof pertorations - 3{16 inpy 4 in. Top Soil - 0 4
quuu%-!—--gg-um-.u ﬂﬁﬂi‘allﬂﬂl from w-njmézuhimm»w- n to ;...f'.?-fz....;...pmmm- 2, Lava & Lavg-md'er = 4 2?
----------- et PEPIOFBRIONS O wrvnscessnin B 10 st rivgenncs M, | _BEOWN Conglomeratie 21 46
s e, PETOrations from .. . - . .| Diced Lava . 46 49
— : T Lava, Fissured : 49 63
(7) SCREENS: - wey soreen frstaliedt [3 Yes' @ No ‘| _Brown Conglomerate 63 | &5
Manutacturer’s Nama v . : ‘| Diced Lava/ with some red |65 80.
- 'I'YPQ Abtate " y '_ . : Model No‘ mu-:-.._.-.-..mo_mon:m.-u-.... _@ro"n cggglmerate i 80 gs
DM, sivinss BIOL B2 s S8 £1OM o, w fh to iy 1 _Broken Lava ; 85 97
Dlam, oo BIOE 8120 o S0 HOM s s 2000 2 i, £, _Brown Conglomerate - -1..87.1 107
. . : : Grey-Brown Lava Conglomerata | 107 121
! . H
(8) WF“LL TESTS' . Rw:"l:gg‘%::é’\l'l?arwg }e::-'llffra_!fiewu e Cind er_gd CQnﬂlﬂgIate /Redunfp 121 127
Wap & pump {urt madey B§ Yes [ No_ it yes, by whem? Pump _Grey Lava Conglomerate 127 1155
vierd: 1100 - gat/min. with 343 £, drawdown after 2%  nrs. Mﬁglﬂlﬂm&h_ﬂﬂd
» . ; i : - | .Bock & Some Cinders 155 | 160
i : - ,_ . | -Rack Grey Broken Lava 160 | 170
5 _Brown Conglomerate/mild pravl 170 175
allar tost gal./min, with ft. drowdewn atfter hfs. | Brown Sandstone 175 205
Artestan flow - o, _Dark, Mild_Sandstone 205 | 218
 Temperature 62 water 61 Depth ertesten fow encounteren ............. 2. | work started /=13 15 79 completea 923 194
(9) CﬂNSTRUCTION: - Date well drilling machine moved o of wall Qw23 | 19?
Well seal—Material wsed ..., Cofent . Driiling Macbine Operator's Certitication: 1 :
: Thi 1 constr der my direct supervisid
el ekl feom Mand duvlive o : 33 e | Matorials vsed and intnr;?{i'ﬂnu?e;om sbova wre trie 16 3
Dismeter of wall bore ta bottom of seal .., &0......... in. best knowlﬁa beliel: 0 o
Dinmeter of well bore below seal .. ... B2 w0, : ' {8igned] ./ Mo LA Date 9«27 , 39
Number of sacks of cement used in well seal 38 sacks . 10T Wlax: el

Drilling Machine Operator's License No. C?f} 7

How wsax cement grout piaced? ..Ef-'e§9“"-'e Erm:lted.,

) pm——— - — e Water Well Coniractor's Cerlification:

""" - o This well was drilled under my jurisdiction and this report
S ; “ | true to the besl of my knowledge and bellet, ;
o v shoe tsed? D1 Yes HNo Pugs oo Siiatdoontlon ot | 0 OPyal) Buckner Hell Drilline, Tnce
Dig any steata ¢ :_gq}gig. L:{E!Eagble_'\ﬂlgsi ] Yes ¥ No : (Perann, firm ar mpo.rnunn_a {Type oF prink)
TyRg o water? depth of atrata Address 1@@.&&3...nﬁgggng)agg,m,c.;n.q,.mem,,...gzz.:

. L =3 '] o

M ' )
H.E!!lund of ‘ﬂ'ﬂ"l‘i“ strats_off . - [Simeg St o iy 4 {h‘-é—f%l‘ g% 1a sy g ey aee S pma sy nas
Waa well graval packed? X Yen [ No Size of gravel; 35' ,mil‘l_us,,,, . {Waler Well Qontragtor)

Gravel placed from ...349. o TU 10 "5.2 e 1 Contractor's License No. 508.,. Date 927 . 19.?.



TRV LV LUUY O J p
WATER RESOURCES DEPARTME
SALEM, OREQON LIEA

wlthin 30 days from the dale

of well eampletion,

wr, W)

{Pleaze type
7

8TATE OF OREGON

(Da wot write ahove this line)

[V VIVE 4

State Well No.

)

or print}
Stule Permit. NO- Nkt

1) OWNER:

 (10) LOCATION OF WELL:

el 3 Bl

Nume C_i_-'ty of Redmond Gounty _ Deschutes Drlller's well number .
Addrews Clty Hall % viSeeton 22 7,158 R, 13R W.M
s Bediond, Ocegon 97756 i umcoiiinnn. Beating and distance_lrom wection_or subdiviaion_corper :
(2) TYPE OF WORK (check); - y
New Well ) Deepening (] Reconditioning [ Abandon ; :
Tt abandanment, deacribe material and procedure in item 12, (11) WATER LEVEL: Comple ted well.
(3} TYPE IDF WELL: | (4) PROPOSED USE (check): ' Egpl'h. n¢ which water was first found 318 f
g::::;! '-‘g H::?; g © '] Domestie. [} Industeis? © Munlelpsl B | Statlc level ___ft. below land surface. Date ',
Dug O Bored O Irrlgation [ Text Well O _Other O | Artestan pressure, 1bx, per cquare inch, Date
),GASTNG INSTALLED:  mursssea s Weies D, 0| (12) WELL LOG:  pimetr of et oeow ey -2,
»----.--.---,m'||I z:ll‘l‘k from .1 ? £t 1o . Gage et | Denth drilled 452 #. Depth of completed well 452 . on
......... .......‘ s o £ I o Formation; Describe color, texture, grain size and sltucture of materlals
roasovue Diat, from % B Gage wnmirmn wwi | @nd ghow thicknesdt and nature of each stratum gnd aquifer penntrated
i ] E with al lvast one entry For each change of formation. Report each changs U
(6) PERFORATIONS: Pertorated? [ Yer [J Ne, position of Statle Water Level and indicate principal watrr-hearing serapa
Type of perforator used . MATERIAL From [ Te { swi
Sian of perforatione i by _in, Bke Hild Sandstone/traces of
et auios BEFJOTAtIONS frOm o, o #. | Tufted Ash . 215 | 232
s . perforations from fi. to 1. | Broken Rock 232 | 237 :
e R e perforatiens from 1. to ‘#. | Sandstone Conglomerate gig _gflg
R 3 U Coarse, Colored Sandstone 26
: . . . ~o0arse, LOo.o SEandsto Z £0
(7) SCREENS; . Well xcreen installed? OVes HNo - Dk. Grey, Mild Lava 265 | 288
! Yanufacturer's Name . ' atrrio Lt. Grey, Mild Lava 288 | 304
haYpe ‘ : R — Dk, Broken Bagalt/with Brown
Rlam. v Slot size omeynns o Bob from .eniiimns e 10 -‘i....--—-:lm-u--;‘ !, cl ay strips 304 318 wam
DA v SIOL BIZE v Bt 1070 woerrsie T 40 st 2, | W "/ with Dk, Brwn Clay- . :
L _ stone & Orange/Brown Clayston| 318 | 327
(8) WELL TESTS: . Duldmtnds meiriasrryath sy Sandstone/with Tufted Ash 327 | 360
W3 a pump test made? JJ Yes [ No It yes, by whome Pump . | Black Cinders/with Polished - )
Yield: 1100 gal./min, with ft. drawdown atter " hrs, Sand & Grayel-=some color 360 | 375 wat:a;
o L . » | Dark Brown Sandstone 375 | 403 i
- — | Sand & Gravel=Colored 403 | 410 {311~
Dark Brown Sandstone, possib-~| 410 452
Enller test " gal./min. with ft. drawdown after hrs. | 1y some water-gearing
Arteslan flow g.p.m, '
Temperature of water Depth arteslan flow encountered .ouwnuann. f | Work started 7173 1%g__Completed  g.m3. 19 "i!
(9) CONSTRUC‘TION: Date well driling mochine moved or! of well 9_—33 1P 7[1
Well seal—Material used Cem_entsz Drlll'gi Mnuli;lnu Opnra:ur';t ogertlf;ﬂ&ﬂﬂm .d! " is1
i wall was construe under rect supervision
Weil sealod from Tand surface 10 s s - ft Materh;ls i8ed and informatipn above are !:rue {o my
Diameter of well bare {o bottom of seal ... 20...vummes I best knowledgt and-pelic .
Diameier of well Bore below penl ..., 2 (' IN : (Signed) .. L LK L LESTYD . Date ... 220.., 1028
Number of sagks o cement used in well zeal ... 38 s B80KE e e , 9a7
How was cement grout placed? .. Dr@SSUre. gronted............ | Drilling Machine Operator's License. No.
A R R HR A e v Waler Well Coniracior's Certification; _‘
' This well was drilled under my jurisdiction and this report is
Rl ep s ho;""'l'!d? El e o Tora, o true fo the best of my knowletige and bellef, :
L | [T 0 PgK ... Size) Joratlon . th. v 5 ) .
» 19,81y irata contain unussble water? [ Yes [J No Name . EVRLL BUSkner HELL RELALANG L. I00s .

Type of water? depth of sirala

-

Method of gealing strala off

Was well gravel packed? g Yes O No Slze of
Gravel placed from RO | T 1

Address 1686 N, E. Negus Way;)Redmond, Oregond7

] [ L-% :
[Signed) ﬂ:&-m/ Aot / Lot ﬂ’( ,’4_/ ;
b (Waler ‘Well Canlracter)
Contractor's License No. . 608..... Date ... 9727

- 18,79
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A28 /5541%’1@\

R S e W
rey y | DI nn PR it
WATER RESDUNCES RRupioves Q= )
(1) OWNER; WE L. N | (10) LOCATION OF WELL by legal deseription:
Nuze Gity of Radmond LIV L . oy, DB8Chutas SE W, Wy, o Bection _____zg_o "
ddreny  CLTY HALL ; S 158 E '

. gi&“neamnd %Tﬂ “mn""‘mmumm R Range i Exor weg) "
$===n= @W Tox Lot Lok Bloek _ Subdivhilon =
(2) TYPE OF WORK (check): MAYLING ADDRESS 0F WELL loy nearest sddrens). . UKD OWEH .
Rawe Wal Dagpentng [  Resondttlontng [J "Abanden [J : - ity
Itahmdomnt,ﬁmﬁhpmhﬂﬂ and procedura’ta ltem 12, .

(8) TYPE OF WELLy (4) PROPOSED USE (check); - | (11) WATER LEVEL of COMPLETED WELL:
Pelayalr O .bren O | momestk. [T toduasstal 'O MGoleipel D0 | Wepth ot which waber was Mrgh Found 362 f,
BuyMd O Dw O | tobter’ 01 Wil T mibgiion "0 | Batislod 362 R bow I s, Dated ~ 24~ 83
Oiben s ; ‘p | Amtastan prossurs - Ib. per squars foch. Date . :
B oBow O | Plomets O Orundley [ The .0 (12) WELL -
= lamatar of nhﬂlﬁw T S i) e o Y
CASING INSTALLED: Sua ™ B "t O | bosie 0 J4%  Dlamterfya hFoonpmml T85 s

18 s pom 43 g o <7LBE O Hoed

‘B Formation: Deseriba eolor, taxtirs, grain sies and structare ofmaterials; avd show thicknesa

Wmsmmnriom £, Gavge un,dmharqpfmhmmmdmulrerammmwimtlmr.mmtryhrmhehmar .
‘.........--;..."D‘inm.fwm [ TR ﬁ: ﬂl“ﬂ‘———-«umlmm“—h- ?m%:mhamahmlwo{su&tfwahtmmﬂ e pﬂnebnl i
| @ LINER INSTALLED: gua o B mes = N
oo Diva bom JOTX 110,765 0 Guuge,0250 . < | -T0p Soll, Sandy ‘ 8 2 &

-
(6) PERFORATIONS: putomedt Ot B 1 | Srolken Laya Conglonerate AT e
Sin of porturetions _ in.by G Laya Conglomerata = -~ P
~Aeoken Tava, Cindery 0
paiegem to ® | Red-Black Lava, Soild 30| &s e

e o bt B e 0, | "pivyd oo Gonglonamate. 55 | . 60

= Eaf o e Zoemoomf | Wniva Punlos ' 60 | .
(7) SCREENS:  Wollsireen inatalisay’ =378 B 777! Clndery Black Rock 92 97 i
Mesutsoturer's Nara ,LORRSON — « | Red=Hlaclk Gindewy Rook 27 | 165 s
Type Bady (808 P, 3 i‘eE_mful.;e,fﬂregagmﬂ Ligders & clinkers 105 | 113
Dlarm, waws k. Sty 8 2230, oy o 33343 1 10 3595 | "Rad odpdera 113 [ 122 e
DIST: s St St £O50, gt horm 7355 1o 155 & | Lindersy Lava Rook 122 | 192 _
m : !EQ!&! Basal ; 126 13 i
) WECLIESTS: . iy, e | s Rasele 1126 | 107 o
whomi Bucknar Pump ' 163 | 247
247 251 PO

N 251 | 2 —
g . 254 | 34 ]

am, IR ;| -Brown Savdstone, fosprer 365 | 37 o

Depth arkesian flow encountored, -

(8) CONSTRUCTION: Speclal standardn Ve L NoA nm%mmm;mknr@

Well seal—Matorial wsed . EQTE L and. Gemant

Well sealed from land wusdsc 10 ... 30

(nbonded) Water Well Constrictor Certification (i€ applioabla):

Digtster of wall bora 0 bottom of setl waee@lboee 1. . .
Digmoter of well bore halow 5al sy @unmne 15,
Amount of gealing matarial 2a secka Bl

T'his well was con under my diveot supervision. Materials usedang
"t | information reporied ghove avedrue r bost knowlsdge and belief.
f 7 2 - J/
povads 7 | [Slzned] ... ‘ oo I8 ¢ ‘-’?g_ D .878,....,10 85,

How was cement grout placed? .. RIIRAA,

T ' )
(hnndaB gg Well Congtrinctor Coxtifiention;
R e 1 1 T
Bandr-_.r.__..kmdbw _AMWEST

(number % i {Buraky Company Namuj

Was pumyp Sngtalled? ... 0 Type L P - Depth n, | Onbohalfor, Buckner Pm?pmm-'ﬁmmmm} =
] ]

Wasa drivashooused? [T¥es O M0 B wenmenas SR 10GRHOR s B
Dy B o=

DIA eny strata conbain unusabla w

nhqumdrmmﬁrwmmmmdthhmmuuumm
(¢}

Typa of Water? d!p&ﬂflﬁrah —— ooz
Method of saaling styata off .

Fawall gavelpackad? B Yoo DN o T A L A (Frder Wall Cokitrucars
G o T e MRRER O e g, Tne . -

A AN
| (igned) 1 %A- i

¥7 gravel from NOTICR TO WATER WELL CONSTRUCTOR WATER RESOURCES DEPARTMENT), 58+43860.50
50' to 5200 "I orlptnal and Hrst eopy of this tegort HALEM, GREGON 52310
0 to be Nled with the within 30 dags Bor tha dabe of wall complation,

—rre— - — - -
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WATER WELL REPORT

(a3 required by ORS §317.765) . JULl 5 %5&5} TYPE or FRINT IN INK

(1) OWNER:

WU, Uy (3 11

{for elflelal ues only)

WATER-RESOURCES_DEBT.

v .y Address 04 £y Hall
Gl

(2) TYPE OF WORK (check):

P wati K1 Deepening O ™ Recondfionitg O * Abandon [J

", 1t abondonment, desorie matorial and rooedus In Tham 14,
(8) TYPE OF WELL:

T oyt O o [
TReayMudd Dy O
B B O

Statengep
_M Tax Lot Lab, Black Sabdlviston

(4) PROPOSED USE (check):

Tometic .".T.',Ei*nimﬂ:tx O s K
Tetpation ST Withdeawal ' O Relnjeetion [
Olbery i

Flesomstelo. ] Orounding [ Tegt o}

CASING INSTALLED: Sl E Heste [J

[ ...ou-lﬁo‘ Diem, from ....-......'h&.....ﬁ. Wﬁzm*-- f, u!uﬂ -.-.¢3-?-5m-—

Welded R

e s

-

(10) LOCATION OF WELL by legal description:

WW—DL‘}:%EEL_ﬂ%_NEA&M%?km-z—OﬁMSE
. :
Tmih{p {Tesviighig b Novik or Bauth) " {Range ia Bast gr West) W'l\{.

MATLING ADPRESS OF WRLL, (o2 pearest sddress) ___ USLETIONT

(11) WATER LEVEL of COMPLETED WELL:

Dopth at which water was first found, 362 i
Statlelevsl 362 : £t below land surface. Date §=24 =85
Anosiin pressore Lib. par aquere inch, Dats

(12) WE Gt Dismsterofwell bel i
Dﬂ}wad H’&O s nmmqimmmﬁn 765"y

Formation; Destriba edlor, taxturs, graln size and sbractura ot matoriale; and shaw thickness
and ueture 6feach sbeatum And aguifes prnotrated, with at lenst one entey for eath cbunpe of

. * Diara. froms 5w & e to;;;ﬂm. Re};:uﬂ ;m obange 1o positlon of Statio Water Leval and indicats principat
lllll e ] - w.lﬂhm-“mm'ﬂ w Iml'_nl
INER LLED: J y . .
@ UNERINSTALLED: gui B men g A " N W
. wnmaen | Die_BYWN. Sandstone & Blk, Sarld 585 396 |
i ; X tona=bh d
(©) PEREORATIONS! i 01’ v S, fendstons-bik:San 398 50
Blz0 of perforatluns In.by' W, . e D058 LTI b =1
i o e +_Sandstone-finer Sand 450 435
ot RtIDERHOE F10Pt e X - B some clay bending
e S N s ™ | Dk, Brown Sandstone, some mulf- 453 528
= porfurations £ g e 110 % | colored pea pravels,possible
(7) SCREENS: _  Wallsorson tustalled?. 3 Yes [ No. Rater~465-485) .
HManlighzr Johnson - m.L N Gray-Brwn: Tufted Ash Laver 528 540
Type .5, (B pg, 3 for Tull srepm, info) _ Firm
DI, e b St Gzt 1 050 8ot 0 w8305 010 ... B dstone Conglomerate, Slow =
Dist oo 12 SorSha S gttum T35 to T30 g, | Drilling Grsvele-dhs Bews] 520 563

Drawdown i smount water Tovol { Jowased

Med, stops’ 56% 590

(8) WELL TESTS: _ yioy atatlo lovol : Fine graned w?agna clay bondg
o, Wb 8 pump test made? 0 Yoo [ No [fysh by whomrBuckner Pump Dk, Bryn, Sandstone,Courser|

@: 1300 pl/uinyith 80 0. drandon aner 70 hom, Sands 590 620
- S Ml v " |.Coazse . andatone 620 645
o Al 15 ___ud /i, with drlll atem ot . g, | W/E" minus pes pravels
e, Bler togt glfminwith  f.dwdownsfer b, [ Goarse DK, Brwm, Sandetone W/
o Aleienfow, m nora gavel-harder {645 650]

pevature of watey A% Depit arleslan flow encotniared e . | £1068F Grained Sands 5 - 650@597 -
! ] Dalo work = ; Jeompla =
(6) CONSTRUCTION! = Shnmtuts va O mod) + | ot el 7

Well seal—Matertal used ... EQTELAND. Comant:

50

(nnbonded) Water Well Conatructor Cartification (if apploahle):

Thia well was congtrusted undor my dirett supervision, Materlelsussd and
rtnntion reported ahove are true e hest knowledga and bolief,

[Signed] 2174 P 1,53

| Condgg B egren Consrcion Ot

On behal? d%ner Pump BWOFW el

" Well sexled from lans speface g i
Diarmatar of woll bara to bottars of 408l s wer@mesuen 1,
" Diameter of well bore balow 200] wewi o omrcmar, i,
~ Avaount of sealing materdal LS tacks 1B pounds [
.. How wes cement grout plnesd? P“ﬂﬂ.ﬁﬂ
L
Was pump installed? .00 Typa, HP Depth &

< Wosadiveshosuaed? O ¥es N0 Pghuessur Slae looRtion oo
e Didany sirsta contain unuseble weder? [ ¥is B No

e P8 of Water?

dapth of sizate

1sy, Mothod of sealing stuata off

5, Y

o Wl payel pucked? 3 Yo O'No o Stss of graval: Mont.ozay.
218 B Berssera B

. Gravel pliged from -..5gg.

{lypa or print narwy of Wialer Wall Conatreniar)

This woll wan drilled undar my jucisdiotion and thia report Is true to the
best of my knowledge and belift

(Blgned) ... ‘{Watar Wil Conriracton)
June 8. 1883

Mo

.% gravel fron
30" to B30

NOTICE T WATER WELL QONSTRUOTOR
The orlghnal and first copy of this report
are to ba flled with tha

WATER RESOURCES DEPARTMENT, : BPUI8.600
SALEM, OREGON #1310
within 20 daya from tha date of well sompletion. iy
. . il

D B8 ARy,
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=y BTATE )] OREGON . — PRe s i ke e o s o nm-hr-‘f;l‘z--;-g Aéﬁ‘:
| vgmEELEmow L1Zies ' L
s Te . E Rgsouﬂé‘égﬁnﬁ'ép?ﬁpxl’mtr ININK.... .., v ol s
¥ y)
(1) OWNER: ! (10) LOCATION OF WELL by logal description:
") Qlty of Redmand: WE U, L{ Cousty Dei;chutes R w mw}g: 20 . .
3 P q :
:: 1 . Powpabiy hip is North ar 5o Renis (Range i East or Weat) e
x S UL LY e, ——_ay il e ; Iﬂ 1o Bla 4]
- (2) TYPE OF WORK (hects); S T
 Newwaiil Deeponing O * Recordittoming 0 Abgndon - ~

=

. Habandonment, deserlbe materisl and procadists in Tiagi 12, ) :
.._ . (8) TYPE OF WELL (4) PROPOSED USE (check;

%

- RolayAr 00 Do [

(11) WATER LEVEL of COMPLEYED WELL:
362

"Domeito . (1 bt O] Murdeipel Dopth a whick water was fust found 2,
T X s O %?;.T;uﬁ'n Grovnding ) ment I i e por s foch Dt
. 2) WELL LQG! . Diametor ofwell balow ossin p— L LN
QGASINGINETAL;EDQ&ea B plaste g S ' "R upth P wertaeiei o n
18 O Nl e
A Sisare” DA, 0 o i B 0 20T : R I A S tture an ons o
. ,g::iﬁ: i :: ol e "~ | cmation, Haport sech chong e e e snlod, Wiy gt ens o oyt
I m— - . Gﬂu:ﬁumanm-wuwm m;hmﬂ;m
@ iR INSTALLED: gt . % Plsis . e T [ T
+, zonliroen” Dism, from JOT ... b0 765 A, Gaugs e 2500 8and & Soms Gravels-unstable | 697 1 710 382
g T _(water "befwaen 695-715)
.. gﬁgfﬁﬁoﬂﬂ(’l‘m i S Cvi SN Sandstone-Bxwn W/some tuif asH 70| 728 362
—— R PRl ' : ’ and Whites
. s ferforeiiini frats &80 | Brrown Gandstone W/ more 754 362
s S porforailiing fom fl.to s Cinders Fﬁnqm and Gravels :
& mﬂ?ﬁ.m-ﬂ‘m»-—numnﬂh"ﬂnu-ullum“hv Dk' er asalt . : 754 ?5- 362
(7) BCREENS: Well sergen tnetalled? 3] Yea~ 5. No : it ; '
Manufacturor’s Nare .S 0l Rg ton b . — ; -
. Typo BB, G e NI A
D188, s B mr Blot Size, 150 Bot frsan w3305, 8 m.Em#--MMMMW?—DM .
o D8 L e 8108 20 D50, Sel o 735 . B 10,7558 B = Y

« Drawddwn 13 amaount water lovel 1 lowerad
bolow satic leyel

No _)f3a, by whom

wer vov S /min,

1 ]

“-JI

vib 40 B dovdownefer 77 e, |.
: 13 Y L] .'

galfmin, with dril stamat, . B

s AP oL hra.
s, Baflos toat B /ein, with . drawdowi after )
. Arteslan fow B - ;
‘pmtmafwm Sl Dapth artuelun fots encountared 1. m
: — - Dita work m:ud-uzzhﬂ.ék__,.;ﬂéh =
E::;mxgimmmwmmw 50 .| (uubonded) Water Well Constiuctor Certification (f applioable)
: i dermy diract supscvision, Matortala used and
" Diametar of wall hore tobottem of 2.&.‘....,_..,...... tn, hhm’fahmweﬂwa;:ﬁatrxhdun n:;y bost hfﬂwladge and belisf.
thw wa’" bon bﬂlﬁw*ﬂl n-muuhﬁ—u-m h— m‘ﬁ &5“
. Amdunt of seallng mataral ; % ed Lt sacke B powads O | [Bigned] o fiu i revmvempsrite D88 B iy 18 o
Fow wes Coment grout Jaced? bt (bonded) Watér Well Congtructor Cortifioation;
s : , &M%Eyuﬂ&g - Es&nwmﬁmﬂ
" Wns pump installsd? il Typa HE Dapth #. | Onbahalf ofm%‘ﬂﬁmd&lm =
| Waadiveshoowsad? C1Ves [FNo rimrmsmnes S48 10GRHOR s, T,
e Di:ilnml strata :utuin unmu::uiu? =) '\'ﬁ!mﬂ No - 'Thjs well was drilled wnder my juzisdiction and this report 1a trua to the
e Dol Wt —dipth ot st el ahiey Rieigr snaboket

. Mothiod of sodling atrata off

-

(Signed)

. Warwellgravalpacked? X Yed O No - smo:mhummrg.ll[amm] Tane 6. RO RR)
”%ﬂmvﬂﬁhﬂdﬁm A to r > Loune 6, L9
i —
Bravel from  NOTIONTO WATHR WaLL CONSTRUCTOR WATER RESOURCES DEPARTMENT, W epraanen
- BALEM, OREGON 97310 ;
- 50" o 5200 ThEﬁdﬁﬁ%ﬂ%mﬁ:ﬂ b wilthih 20 days fiom ihe clate of wal sotopletion,

e i e,



ECO:LOGIC Engineering

10381 Double R Bivd.
Reno, Nevada 89521

Phone: 775-827-2311
FAX: 775-827-2316

— =100

— -200

— -300

— -400 1

— -G00

— =700

— -800

Well: City of Redmond Well 7

Drilling Contractor: Western Water Development
Date Drilling Started: 7/8/06

Date Completed: 11/21/06

Well Depth: 869 feet

Borehole Diameter: Nominal 26 inches

— 500

T o T T T o Tl o T o 7 Tl T T 7l 7 Tl

T

Bl T Tl Tl Yl Tl T Tl Tl

T

T

1

il T TN

- _g00/.".

i Cement grout sanitary
i seal to 66 ft below land
ol surface

Granular bentonite

annular fill 66 to 275 ftbls

Cement grout annular
seal 275 to 3221t bls

Gravel fill pipe to 240 ft

Blank 16" 0.D. x 0.375"

wall thickness steel
casing to 525 ft bls

18" x 318" Tumalo gravel
formation stabilizer 322

to 765t bis

2" sounding tube to 5251t

2" pipe size stainless

steel sounding tube
screen 52510 530 f

16" pipe size 100 slot
Type 316L =tainless steel
screen 52510 625 ft bls

Blank 16" O.D. casing

625 to Y00 feet bls

16 pipe size 100 slot
Type 316L stainless steel
screen 70010 750 ft bis

==3 Blank 16" 0.D. casing
".| 75010 780 feet bls

*.| 16 pipe size 60 slot
| Type 316L stainless steel
.| screen 780 to 860 ft bls

| 6x 12 Colorado Silica
‘. '| Sand filter pack 76510 TD

Blank 16" O.D. casing
86010 862 .5 feet bls wi

steel bottom

R T, S

Fesistivity
i Gamma A
Caliper 16" normal
(inches) APl units) PR
\ d 64" normal
20 RO 0 140 0 200
—0
FILL: 3/4” crushed mock. o ]
BASALT: 1-283 #t below land surface; - '?EE;-
brown, black & red, fractured 1-15, o S
34-53 ft; interbedded with red cinders o =
31-34 ft, tuffaceocus brown and black - E
zandstone 77-34, 130-133, 172178, - S
1811581, 206-205, and 243-245; and o R
brown agglo merate 2438 and 245- - e
280 f. — 100 3
L x
L id
d..-l"
B i3
L [
B P
n [
[ i
-‘-\1?
B oy
— -200 =&
L S
I
| "
r
£ -
SANDSTOME: 283-526; fineto B
medium grained weakhy indurated, — -300 ]
yellowizh brown, black, and reddish B 1
brown; yellowish brown and dark B
reddizh brown, and tuffaceous 283- B & o ——
340 ft; containz fine grawvel 385-3580, = 5 bl 1
410445 and 420-250 fi. B 5
i ; [
i it
Frmrs. 28 H‘\ o -
i 400 »; = I
i = %]k
. = ;
i el ]
H !
L 1
- : b1
L E 1
— -500 & f,
: : L4l
B = P EREARAEmoY
BASALT: 525513 ft bl grey to B e = L e
brown; no =ample recovered from | __"g_‘_ B \
rubbley or fractured zone 553-580 & B 3 - | {1
600510 f. B i h
i = [+ T
B jE e T [ N
E. o F: ]
. G600 ; ,__,: =T
| R |
SANDSTOME: 813-700 ft bls; very g |
fine to coarse, =ubsounded to [ 3
rounded, weakly cemented; poory B ]
cemented coarse 2and w fine gravel B l
541858 f#; =ilty fine zand §70-700 fi. : ]
L 1
! ,. == k
L 700 /! -_‘ = E —-E‘_:_..__‘_‘_'
BASALT: 700-754 f blg; no zample - i = [
recovered 731-750 ft, vesicular 750- o ] \,, _.__,_.f ]
754 ft. i i 5 L
= : o Ll
L F e
SANDSTOME: 754-T85 fible B 4
B i .
- T -\-_““‘-
BASALT: 7852810 ft blg;, no =ample ' _ap0
recovered 800-2310 #. L Fa Pam el
{u
I "
SANDSTOME: 810-818 ftbl=. : . i
L » I
BASALT: 818-825 ft bls; red and & i = y i
black, vesicular. B 2 =
SANDSTOMNE: 826-831 ftbl=. :
BASALT: 831-880 f bls; grey, red B

and black; vesicular 318-826 #, very — -900
hard 850-860 f.




ECO:LOGIC Engineering

10381 Double R Bivd.
Reno, Nevada 89521

Phone: 775-827-2311
FAX: 775-827-2316

— =100

— -200

— -300

— -400 1

— -G00

— =700

— -800

Well: City of Redmond Well 7

Drilling Contractor: Western Water Development
Date Drilling Started: 7/8/06

Date Completed: 11/21/06

Well Depth: 869 feet

Borehole Diameter: Nominal 26 inches

— 500
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Appendix F. Mitigation Calculations for Water Rights

EXHIBIT F-1

Redmond Well Water Production and Consumptive Use (2005-2006)1
Redmond Wastewater (Collection System) and Water System Master Plan

Water Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Days per Month 31 30 31 31 28 31 30 31 30 31 31 30
Water Use By Month?

(MG)
2006 117.71 66.74 67.32 65.32 56.87 66.03 97.72 206.28 212.94 293.63 284.09 210.03
2005 126.33 62.94 61.75 60.47 54.91 72.99 91.80 122.48 206.91 294.94 302.07 21251

Wastewater Monthly Average Daily Flow®

(MGD)
2006 1.74 1.78 1.81 1.84 1.89 1.84 1.9 1.9 1.9 1.861 1.91 1.84
2005 1.67 1.7 1.7 1.8 1.74 1.76 1.82 1.85 1.83 1.771 1.79 1.8

Wastewater Monthly Flow

(MG)
2006 53.94 53.4 56.11 57.04 52.92 57.04 57 58.9 57 57.69 59.21 55.2
2005 51.77 51 52.7 55.8 48.72 54.56 54.6 57.35 54.9 54.90 55.49 54

Reclaimed Water Use”

(MG)
2006 14.05 0 0 0 0 0 1.98 4.10 22.70 40.18 14.41 22.69
2005 0 0 0 0 0 0 1.98 4.10 22.70 40.18 14.41 22.69

Consumptive Use (Water Use flow + Reclaimed Water -- Wastewater Flow)

(MG)
2006 77.8 13.3 11.2 8.3 4.0 9.0 42.7 151.5 178.6 276.1 239.3 177.5
2005 74.6 11.9 9.0 4.7 6.2 18.4 39.2 69.2 174.7 280.2 261.0 181.2

Consumptive Use (Water Use flow + Reclaimed Water -- Wastewater Flow)
(Acre-Feet) TOTAL
2006 239 41 34 25 12 28 131 465 548 847 734 545 3650
2005 229 37 28 14 19 57 120 212 536 860 801 556 3469
Consumptive Use ([Water Use flow + Reclaimed Water -- Wastewater Flow] +~ Water Use x 100)
(%) AVERAGE

2006 66.1 20.0 16.6 12.7 6.9 13.6 43.7 73.4 83.9 94.0 84.2 84.5 50.0



Appendix F. Mitigation Calculations for Water Rights
EXHIBIT F-1

Redmond Well Water Production and Consumptive Use (2005-2006)1
Redmond Wastewater (Collection System) and Water System Master Plan

Water Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
2005 59.0 19.0 14.7 7.7 11.3 25.2 42.7 56.5 84.4 95.0 86.4 85.3 48.9
Redmond Population from Redmond Web Page
2006 23,500
2005 21,110
Per Capita Water Use
(gpcd) AVERAGE
2006 162 95 92 90 86 91 139 283 302 403 390 298 203
2005 193 99 94 92 93 112 145 187 327 451 462 336 216

Notes:

1. Information in this table provided by Newton Consultants, Inc. (November 2007)
2. From Oregon Water Resources Department Water Use Report Webpage

3. From DEQ Discharge Monitoring Report Summary

4. From the City of Redmond
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Exhibit G-1

Redmond Water Distribution Model Calibration Summary

Pressure
Zone

PZ-3
PZ-3
PZ-3A
PZ-3A
PZ-2_3180
PZ-2_3180
PZ-2 3180
PZ-2 3180
PZ-2 3180
PZ-2 3180
PZ-2 3180
PZ-2 3180
PZ-2 3180
PZ-2 3180
PZ-2_3180
PZ-2_3180
PZ-2_3180
PZ-2_3180
PZ-1_High
PZ-1_High

Test

ID

N

13

© 0N OO 0w

Ground
Elevation

hydrant

2,956

3,028
2,996

3,044

3,084
3,187

model
2,948

2,962
2,944
2,956
2,985
2,988
2,988
3,022
2,994
3,026
3,058
3,006
3,008
3,004
2,970
3,060
3,052
3,106
3,084

3,200

MODEL ID
Flow Pressure
3838 1839
5592 5642
266 12545
477 6698
4388 4502
9877 12308
223 223
880 11231
1076 3145
10416 5148
10860 5396
2853 2853
6436 6431
6181 6181
790 787
6949 6953
11019 1656
28 20
13291 13291
7856 7871

Field
HGL
ft

3109

3112
3179
3189
3179
3174
3175
3192
3174
3185
3196
3181
3174
3188
3175
3189
3200
3376
3312

3330

Model
Static
HGL
ft
3106

3108
3169
3170
3174
3172
3171
3176
3179
3184
3193
3181
3180
3181
3170
3181
3190
3325
3327

3326

Field Static
Pressure
psi
70

65
102
101

84

81

81

71

78

69

60

76

72

80

89

63

64
117

99

62

Model
Static
Pressure
psi
67

63
99
93
82
80
79
66
80
69
59
76
74
7
88
59
67
111
99

60

Field Flow | Model FF

Pressure
psi

61

50
71
75
51
60
48
48
57
61
41
69
66
75
66
59
50
69
74

32

Pressure
psi

59

58
63
67
61
67
58
53
73
62
37
65
62
n/a
64
54
54
65
75

35

Discharge
Flow Rate
gpm

1230

2000
2460
2420
1580
2120
2020
2020
1500
2280
1780
2420
2280
n/a
2320
1960
1720
2320
2080

1780

Static Pressure

%
4%
3%
3%
8%
3%
2%
2%
6%
3%
0%
2%
0%
3%
4%
2%
6%
5%
5%
0%
3%

Error Results

psi

N OO WA EFPIWNORPRONDNIOUNIERENDNOOWN W

FF Pressure

%
3%
16%
11%
11%
20%
12%
21%
10%
28%
2%
10%
6%
6%
n/a
3%
8%
8%
6%
1%
9%

psi Confidence
2 HIGH
8 HIGH
8 HIGH
8 MEDIUM
10 HIGH
7 HIGH
10 HIGH
5 HIGH
16 MEDIUM
1 HIGH
4 HIGH
4 HIGH
4 HIGH
n/a MEDIUM
2 HIGH
5 HIGH
4 HIGH
4 HIGH
1 HIGH
3 HIGH

| HiGH 17

MEDIUM 3
LOW 0

TOTAL 20
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EXHIBIT H-1

Water System Capital Improvements Plan

Allocations Pipelines Costs Cost Allocation for Pipelines
Fire Flow . . Allowance for .
Implemen— ID Improvement Reason for Priority for Upgrgde Add; Length (ft.) Diameter | Construction Engineering & | Total Estimate Serves Additional for Notes Location
tation Phase Description Improvement I Existing Capacity (in.) or Mitigation L ; Immediate Area Growth
Pipelines Administration
. . West from west end of NW Poplar Pl to
- - 0, 0,
2007-2015 | P-11 Pipe Fire flow 2 25% 75% 180 8 $14,000 $3,000 $17,000 $17,000 $0 existing 4.inch pime east of NW 11th St
2007-2015 | P-13 Pipe Redundancy and fire flow 3 0% 100% 340 8 $27,000 $5,000 $32,000 $32,000 $0 /SI;)E%:\IW 8th Stfrom NW Negus Pl to NW
2007-2015 | P-16 Pipe Fire flow 2 25% 75% 770 12 $92,000 $14,000 $106,000 $71,000 $35,000 nv;rf]tlgfkg /isgt from NW Canal Blvd and NE
Redundancy and
2007-2015 | P-17 Pipe replacement of poor 1 0% 100% 7,800 12 $936,000 $141,000 $1,077,000 $718,000 $359,000 Along NW Sth St from NW Maple Ave to
. ) SW Highland Ave
condition pipe
Along NW Fir Ave from west of NW 7th St
2007-2015 | P-18 Pipe Fire flow 2 25% 75% 440 8 $35,000 $6,000 $41,000 $41,000 $0 to mid-block between NW 6th St and NW
5th St
2007-2015 | P-19 Pipe Fire flow 3 25% 75% 990 8 $79,000 $12,000 $91,000 $91,000 $0 Along NW 5th St from W Antler Ave to NW
Dogwood Ave
2007-2015 | P-20 Pipe Fire flow 1 25% 75% 270 8 $22,000 $4,000 $26,000 $26,000 $0 270 ft along NW Birch Ave from NW 12th St
2007-2015 | P-21 Pipe Fire flow 1 75% 25% 380 8 $30,000 $5,000 $35,000 $35,000 $0 ﬁ'rf’t?eg: xg‘é 12th St from NW Birch Ave to W
North from W Antler Ave between SW 17th
2007-2015 | P-22 Pipe Growth and redundancy 4 0% 100% 780 8 $62,000 $10,000 $72,000 $72,000 $0 St and SW 15th St to south end of cul-de-
sac
2007-2015 | P-23 Pipe Fire flow 1 25% 75% 260 8 $21,000 $4,000 $25,000 $25,000 $0 g‘g‘v%slght);s‘:h”tes Ave from SW 12th St
2007-2015 | P-24 Pipe Fire flow 2 75% 25% 330 12 $40,000 $6,000 $46,000 $31,000 $15,000 Along SW 2nd St from SW Black Butte Bivd
to W Antler Ave
. . Along SE Deschutes Ave from SE Franklin
- - 0, 0,
2007-2015 | P-25 Pipe Fire flow 2 25% 75% 290 8 $23,000 $4,000 $27,000 $27,000 $0 o D SE Woreau o
. . Along SW 4th St from SW Forest Ave to
- - 0, 0,
2007-2015 | P-26 Pipe Fire flow 2 25% 75% 320 8 $26,000 $4,000 $30,000 $30,000 $0 SW Evergreen Ave
NW Spruce Ave, between Northwest Way
2007-2015 | P-27a Pipe Redundancy 4 0% 100% 2,800 12 $336,000 $51,000 $387,000 $258,000 $129,000 |E2Stern portion, from 27th east across  |and NW Helmholtz Way; NW Helmholtz
Dry Canyon Way between NW Spruce Ave and NW
Maple Ave
2007-2015 | P-28 Pipe Growth and redundancy 4 0% 100% 860 10 $86,000 $13,000 $99,000 $79,000 $20,000 ﬁ'\;’;%gg Lake Rd between SE 1st Stand E
2007-2015 | P-29 Pipe Fire flow 2 75% 25% 260 8 $21,000 $4,000 $25,000 $25,000 $0 Along SW 14th St from SW Highland Ave to
SW Glacier Ave
. . Along SW 10th St from USFS Dr to south
- - 0, 0,
2007-2015 | P-31 Pipe Fire flow 3 75% 25% 460 12 $55,000 $9,000 $64,000 $43,000 $21,000 ot of SW 10th St
2007-2015 | P-34 Pipe Fire flow 1 25% 75% 280 8 $22,000 $4,000 $26,000 $26,000 $0 é'v‘:/”gﬁr\]’\;?“anz Ave from SW 27th St to
. . Along S Hwy 97 from SW Wickiup Ave to
- - 0, 0,
2007-2015 | P-40 Pipe Fire flow 1 25% 75% 1,640 12 $197,000 $30,000 $227,000 $151,000 $76,000 SW Odem Medo Way
. ; Along SW Yew Ave between SW Canal
- - 0, 0,
2007-2015 | P-41 Pipe Fire flow 1 75% 25% 1,030 10 $103,000 $16,000 $119,000 $95,000 $24,000 Bivel and the Hwy 97 on ramp
. . SW 19th St
- - 0, 0, 4
2007-2015 | P-42 Pipe Fire flow 2 75% 25% 2,800 16 $448,000 $68,000 $516,000 $258,000 $258,000 Sast of Gentral Oregon D
2007-2015 | P-43 Pipe Fire flow 2 25% 75% 270 12 $32,000 $5,000 $37,000 $25,000 $12,000 End of SE Salmon Ave
2007-2015 | P-44 Pipe Fire flow 2 25% 75% 2,100 16 $336,000 $51,000 $387,000 $194,000 $193,000 Parallel to E Highway 126, east of SE
Veterans Way
2007-2015 | P-51 Pipe Growth and redundancy 4 0% 100% 480 8 $38,000 $6,000 $44,000 $44,000 $0 SW 31st St between Deschutes and Forest
. . Along SW Wickiup Ave between SW 28th
- - 0, 0,
2007-2015 | P-55 Pipe Fire flow 1 25% 75% 170 8 $14,000 $3,000 $17,000 $17,000 $0 A BW 271
2007-2015 | P-56 Pipe Fire flow 1 25% 75% 330 8 $26,000 $4,000 $30,000 $30,000 $0 Along SW Canal Blvd between SW Wickiup
Ave and SW 23rd St
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EXHIBIT H-1

Water System Capital Improvements Plan

Allocations Pipelines Costs Cost Allocation for Pipelines
Fire Flow . . Allowance for .
Implemen— ID Improyement Reason for Priority for Upgrgde Add; Length (ft.) D|ameter Cons‘t‘ruct]on Engineering & | Total Estimate Se.rves Additional for Notes Location
tation Phase Description Improvement I Existing Capacity (in.) or Mitigation L ; Immediate Area Growth
Pipelines Administration
20072015 | P-57 Pipe  |Growth and redundancy 4 0% 100% 3470 12 $416,000 $63,000 $479,000 $319,000 $160,000 :?:;ﬁdsystsg;theaﬁ
Pipe Area between SW 27th St and SW 35th St
2007-2015 | PR-1 | Replacement (6"{Poor pipe condition 100% 0% 7,500 8 $720,000 $108,000 $828,000 and between W Antler Ave and SW Glacier
8" PVC) Ave
Pipe Area between NW 10th St to NW 15th St
2007-2015 | PR-2 | Replacement (6"{Poor pipe condition 100% 0% 5,700 8 $547,000 $83,000 $630,000 and between NW Quince Ave and NW
8" PVC) Canyon Dr
Pipe Replacement of old, small diameter
2007-2015 | PR-3 ze)ﬁlr?zeor\?vi?ct)v(v:t\ t’::;:zﬁedl ae”d poor 100% 0% 9,720 8 $933,000 $140,000 $1,073,000 pipelines in downtown area, which result
o Pip in low fire flow and lack of reliability
Pipe N N .
Replacement |Undersized and poor Replacement of 4" and 6" steel lines
2007-2015 | PR-4 cast of condition pipe 100% 0% 5,480 8 $526,000 $79,000 $605,000 located between Antler St. and Evergreen
downtown Pip St., and 5th St. and the railroad.
well 7 Pum Based on 5,000 gpm pumping capacity. 3
2007-2015 | PS-1 Station P Future supply 0% 100% $1,700,000 $255,000 $1,955,000 pumps, each 2500 gpm x 185 ft. Approx. [NE 11th Street south of NE Glenwood Ave
175 hp each.
2007-2015 | R-1 |Well 7 Reservoir g‘g‘:\fcft‘s)::gﬁa\;i'“me B 0% 100% $3,500,000 $525,000 $4,025,000 At grade, welded steel, 3.5 MG tank  |NE 11th Street south of NE Greenwood Ave
Pressure Locate on pressure zone Allows for transfer of water from PZ 2 to
2007-2015 V-1 | Reducing Valve |boundary, in northwest 75% 25% $50,000 $8,000 $58,000 P73 Northwest Way and Maple Ave
(PRV) area. '
Located in southeast, at ) . .
2007-2015 | V-2 | Check Valve |boundary between PZ2 75% 25% $50,000 $8,000 $58,000 Allows fire flows from PZ 2intoPZ3 | SE Airport Way between Mt Jefferson DR
and PZ3. during high fire flow demands. and Mt Hood Dr
2007-2015 | W-1 Well8  |Supply increase 0% 100% $2,020,000 $303,000 $2,323,000 Cvs;f'lnes that new wellis drilled nextto |y paple Ave west of NW Canyon Dr
Cost is for well pump and wellhead
2007-2015 W-2 [ Complete Well 7 [Supply increase 0% 100% $1,280,000 $192,000 $1,472,000 improvements, only. Well drilling and NE 11th Street south of NE Glenwood Ave
testing was completed in 2006.
. Cost is for well drilling and testing, and for[New school well site, vicinity of SW Elkhorn
- - 0, 0,
2007-2015 W-5 Well 9 Supply increase 0% 100% $2,020,000 $303,000 $2,323,000 well pump & wellhead improvements Ave and SW 43rd St
Estimated purchase cost for mitigation
Mitigation credits(To enable use of o o credits from the Deschutes Water
2007-2015 M-1 purchase additional water rights 0% 100% $2,025,000 $0 $2,025,000 Exchange to allow the use of
groundwater under a new permit
2007-2015 Phase 1 Subtotal $21,500,000
2016-2020 | P-10 Pipe  |Growth and redundancy 4 50% 50% 610 12 $73,000 $11,000 $84,000 $56,000 $28,000 paong IV Antler Ave from NW 25th Stto NW
. . South from east end of NE Quince Ave to
- - 0, 0,
2016-2020 P-14 Pipe Fire flow 3 25% 75% 1,630 8 $130,000 $20,000 $150,000 $150,000 $0 intersection of NE 8th St and NE Oak Pl
. East from Northwest Way and NW 22nd St
- - 0, 0,
2016-2020 P-2 Pipe Growth and redundancy 4 0% 100% 2,450 12 $294,000 $45,000 $339,000 $226,000 $113,000 to NW 19th St, north of NW Quince Ave
. Along SW 27th St from SW Glacier Ave to
- - 0, 0,
2016-2020 P-30 Pipe Growth and redundancy 4 0% 100% 500 8 $40,000 $6,000 $46,000 $46,000 $0 SW Highland Ave
2016-2020 | P-32 Pipe Growth and redundancy 4 50% 50% 1,320 12 $158,000 $24,000 $182,000 $121,000 $61,000 @'v%ngusa\ﬁfm& from SW Obsidian Ave to
2016-2020 | P-33 Pipe Growth and redundancy 4 50% 50% 1,320 16 $211,000 $32,000 $243,000 $122,000 $121,000 g'v‘zlngliyvs?“anz Ave from SW 35th St to
2016-2020 | P-39 Pipe Fire flow 3 25% 75% 370 8 $30,000 $5,000 $35,000 $35,000 $0 glv?/ng jYVStT'mber Ave from SW 25th St to
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EXHIBIT H-1

Water System Capital Improvements Plan

Allocations Pipelines Costs Cost Allocation for Pipelines
Fire Flow . . Allowance for .
Implemen— ID Improvement Reason for Priority for Upgrgde Add; Length (ft.) Diameter | Construction Engineering & | Total Estimate Serves Additional for Notes Location
tation Phase Description Improvement I Existing Capacity (in.) or Mitigation L ; Immediate Area Growth
Pipelines Administration
2016-2020 | P-4 Pipe Growth and redundancy 4 0% 100% 1,340 12 $161,000 $25,000 $186,000 $124,000 $62,000 Q'\j’vni’g':'r\]"g"ap'e Ave from NW 23rd St to
2016-2020 | P-45 Pipe Growth and redundancy 4 0% 100% 1,300 18 $234,000 $36,000 $270,000 $120,000 $150,000 E\'fe?g;esetnb;\t/";’ee” E Antler Ave and SE
2016-2020 | P-46 Pipe Growth and redundancy 4 75% 25% 1,150 16 $184,000 $28,000 $212,000 $106,000 $106,000 Q'Eg%hES?”“er Ave from NW Canal Bivd to
Along NW Canal Blvd, from NW Maple Ave
2016-2020 | P-53 Pipe Growth and redundancy 4 0% 100% 5,400 12 $648,000 $48,000 $696,000 $464,000 $232,000 Home Depot to NE King Way and Along NE King Way to
NE 5th St
2016-2020 | P-9 Pipe Growth and redundancy 4 0% 100% 2,600 12 $312,000 $47,000 $359,000 $239,000 $120,000 g;‘:ﬁgs\t’v Antler Ave from NW 35th St to NW
2016-2020 | W-4 Well 10 |Supply increase 0% 100% $2,020,000 $303,000 $2,323,000 Costis for well drilling and testing, and for\ .\, 1o 1ok Ave, west of NW 28th St
well pump & wellhead improvements
Estimated purchase cost for mitigation
2016-2020 M-2 Mitigation credits|To gpable use of‘ 0% 100% $2,025,000 $0 $2,025,000 credits from the Deschutes Water
purchase additional water rights Exchange to allow the use of
groundwater under a new permit
2016-2020 Phase 2 Subtotal $7,200,000
. East from Northwest Way and NW Upas
- - 0, 0,
2021-2025 | P-1 Pipe Growth and redundancy 4 0% 100% 2,250 8 $180,000 $27,000 $207,000 $207,000 $0 o 0 NW 29 ot
East from Northwest Way and NW Upas
2021-2025 | P-15 Pipe Growth and redundancy 4 0% 100% 1,560 12 $187,000 $29,000 $216,000 $144,000 $72,000 Ave to intersection of NW 22nd St and NW
19th St
2021-2025 | P-3 Pipe Growth and redundancy 4 0% 100% 5,300 12 $636,000 $96,000 $732,000 $488,000 $244,000 Northwest Way between NW Maple Ave
and NW Upas Ave
2021-2025 | P-36 Pipe Growth and redundancy 4 0% 100% 2,710 12 $325,000 $49,000 $374,000 $249,000 $125,000 NW Hemlock Ave between NW Helmholtz
Way and NW 35th St
South from the south end of SW 47th St to
2021-2025 | P-38 Pipe Growth and redundancy 4 0% 100% 1,240 16 $198,000 $30,000 $228,000 $114,000 $114,000 SW Badger Ave, east along SW Badger
Ave to SW Canal Blvd
2021-2025 | P-48 Pipe Growth and redundancy 4 0% 100% 2,680 12 $322,000 $49,000 $371,000 $247,000 $124,000 gslﬂﬂe;t'ﬂggﬁg] z'e'mho'tz Way and W-5,
; SW Obsidian Ave between SW Helmholtz
- - 0, 0,
2021-2025 | P-49 Pipe Growth and redundancy 4 0% 100% 2,680 16 $429,000 $65,000 $494,000 $247,000 $247,000 Way and SW 35th St
2021-2025 | P-50 Pipe Growth and redundancy 4 0% 100% 670 12 $80,000 $12,000 $92,000 $61,000 $31,000 z\é\;ﬁ:ﬁ i\tlé’et"vee” NW Fir Ave and NW
) Along E Antler Ave from NW Canal Blvd to
- - 0, 0,
2021-2025 | P-52 Pipe Growth and redundancy 4 0% 100% 2,060 18 $371,000 $48,000 $419,000 $186,000 $233,000 B O St At mow ELB reservorr
2021-2025 | P-54 Pipe Growth and redundancy 4 0% 100% 440 12 $53,000 $8,000 $61,000 $41,000 $20,000  |\Needed to connect PS-2 to existing From PS-2 along SW Volcano Ave to SW
system Reservoir Dr
2021-2025 | P-58 Pipe Growth and redundancy 4 0% 100% 7,880 12 $946,000 $142,000 $1,088,000 $725,000 $363,000
Northern portion is outside of current
2021-2025 | P-6 Pipe Growth and redundancy 4 0% 100% 7,630 12 $916,000 $138,000 $1,054,000 $703,000 $351,000 |UGB. Cannot be constructed unless the |09 NW 35th St from NW Maple Ave to
. SW Evergreen Ave
UGB is expanded.
20212025 | P-7 Pipe Growth and redundancy 4 0% 100% 2,580 12 $310,000 $47,000 $357,000 $238,000 $119,000 gﬂ‘gm'\l'g;r"A"szt Way from NW Maple Ave
2021-2025 | P-8 Pipe Growth and redundancy 4 0% 100% 3,990 12 $479,000 $72,000 $551,000 $367,000 $184,000 ﬁ'\fvngg';':\’srem'“k Ave from NW 35th St to
Based on 1,500 gpm pumping capacity. 3
2021-2025 | PS-2 | Pump Station |Supply to Zone 1 100% 0% $540,000 $81,000 $621,000 pumps, each 750 gpm x 185 ft. Approx.
50 hp each.
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EXHIBIT H-1

Water System Capital Improvements Plan

Allocations Pipelines Costs Cost Allocation for Pipelines
Fire Flow . . Allowance for .
Implemen— ID Improyerr_]ent Reason for Priority for Upgrgde Add; Length (ft.) D|ameter Cons.t.ruct-|on Engineering & | Total Estimate Se‘rves Additional for Notes Location
tation Phase Description Improvement I Existing Capacity (in.) or Mitigation L ; Immediate Area Growth
Pipelines Administration
Future storage. Volume = One partially buried, prestressed
B ) Forked Horn 4.0 MG. Prestressed o o concrete, 4.0 MG tank. (Alternative may
2021-2025 R-2 Butte Reservoir [concrete tank. (Partially 0% 100% $5,600,000 $840,000 $6,440,000 be two tanks at 2.0 MG each--cost for
buried.) this would be higher.)
2021-2025 | W-3 Well11  |Supply increase 0% 100% $2,020,000 $303,000 $2,323,000 Cost is for well drilling and testing, and forl g\, 27 Ave and SW 31st St
well pump & wellhead improvements
Estimated purchase cost for mitigation
2021-2025 M-3 Mitigation credits|To gpable use of_ 0% 100% $2.025,000 $0 $2.025,000 credits from the Deschutes Water
purchase additional water rights Exchange to allow the use of
groundwater under a new permit
2012-2025 Phase 3 Subtotal $17,700,000
Western portion, from 27th west to
2026-2030 | P-27b Pipe Growth 4 7,700 12 $924,000 $139,000 $1,063,000 $709,000 $354,000 Helmholtz St. Cannot be constructed
unless UGB is expanded.
Cannot be constructed outside of UGB East on NW Maple Ave from NW 35th St to
2026-2030 | P-35 Pipe Growth and redundancy 4 0% 100% 7,920 12 $950,000 $143,000 $1,093,000 $729,000 $364,000 : NW Helmholtz Way, south on NW
unless UGB is expanded.
Helmholtz Way to W Antler Ave
2026-2030 | P-37 Pipe Growth and redundancy 4 0% 100% 2,660 12 $319,000 $48,000 $367,000 $245,000 $122,000 Z\;Qﬁ@r;‘;ﬁ gft‘”ee” NE Helmholtz Way
2026-2030 | P-47 Pipe Growth and redundancy 4 0% 100% 6,780 16 $1,085,000 $163,000 $1,248,000 $624,000 $624,000 aSr\ﬁ gi'g;go'tz Way between W Antler Ave
2026-2030 | P-5 Pipe Growth and redundancy 4 0% 100% 3,950 12 $474,000 $72,000 $546,000 $364,000 $182,000 Q'\E’V”gz':']\évs'\t"ap'e Ave from NW 35th St to
Pressure Pressure zone boundar
2026-2030 V-3 | Reducing Valve y 75% 25% $50,000 $8,000 $58,000 NW Maple Ave and NW Helmholtz Way
along on west edge
(PRV)
2026-2030 | W-6 Well12  |Supply increase 0% 100% $2,020,000 $303,000 $2,323,000 Cost is for well drilling and testing, and for
well pump & wellhead improvements
Estimated purchase cost for mitigation
2026-2030 M-4 Mitigation credits|To e_r_1ab|e use of_ 0% 100% $2,025,000 $0 $2,025,000 credits from the Deschutes Water
purchase additional water rights Exchange to allow the use of
groundwater under a new permit
2026-2030 Phase 4 Subtotal $8,700,000
TOTALS | $48,900,000 $6,100,000 $55,000,000
TOTAL WITHOUT MITIGATION CREDITS $46,900,000

Notes:

1. Project types (ID codes):

P = pipeline

PR = pipe replacement

W =well

R = reservoir (tank)
V = valve (pressure reducing or check)
M = purchase of mitigation credits, to allow use of water rights

2. Pipe Priority Level:

1 = Residential Fire Flow Improvement, less than 1,000 gpm available
2 = Commercial or Industrial Fire Flow Improvement, less than 75% of required flow available
3 = Fire Flow Improvement, more than 75% of required flow available
4 = Not driven by fire flow deficiency
3. Cost index: ENR CCI Seattle Area = 8626 (January 2007)
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EXHIBIT H-1

Water System Capital Improvements Plan

Allocations Pipelines Costs Cost Allocation for Pipelines
Fire Flow . . Allowance for .
Implemen— ID Improv_en_1ent Reason for Priority for Upgrgde Add; Length (ft.) D|ameter Congtruct_|on Engineering & | Total Estimate Se‘rves Additional for Notes Location
tation Phase Description Improvement I Existing Capacity (in.) or Mitigation L ; Immediate Area Growth
Pipelines Administration

4. A 15% allowance was included for engineering and administration. This may be inadequate for some projects, especially for those with involved designs,

significant permitting, or requiring high levels of services during construction.
5. Allowance cost for purchase of mitigation credits was provided by city. Actual costs may vary.
6. Project P-12, a 12-inch pipe on NW Quince Ave., between NW 10th St. and NW 7th St., was constructed in summer 2007 as the master plan was being completed.
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