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1. Introduction

Morrow and Umatilla Counties face a decades-long problem of elevated nitrate concentrations in
groundwater in the northern parts of the two counties, affecting thousands of rural residents with private
domestic wellsi. The Oregon Department of Environmental Quality (DEQ) designated the Lower Umatilla
Basin Groundwater Management Area (LUBGWMA) in 1990, which resulted in data collection, analysis, and
planning to address the elevated nitrate concentrations in groundwater. Morrow County issued an
emergency declaration in 2022 and began collecting its own data. In 2023, the Oregon Health Authority
(OHA) used allocated emergency funding to conduct sampling at wells and offer bottled water delivery and
at-home treatment for affected well owners.

In 2023, Morrow County also received Congressionally Directed Spending (CDS) funds issued under a U.S.
Environmental Protection Agency (EPA) research grant to identify opportunities to connect domestic well
users to existing public water systems (PWSs) and community water systems (CWSs), which is the subject of
the Morrow-Umatilla Counties Drinking Water Investigation. This investigation is referred to as the “Roadmap
Project”. Morrow County, in partnership with Umatilla County, contracted GSI Water Solutions, Inc. (GSI), to
lead the Roadmap Project.

1 Domestic wells in Oregon are defined as a well that serves water for no more than three households for drinking, culinary, or
household uses and is not used as a public water supply. The homeowner has the responsibility for maintaining the private
well or intake and ensuring the water is safe to drink. Private well owners are not required to conduct sampling and testing
unless there is a property transfer (https://www.oregon.gov/deq/wq/dwp/Pages/DWP-Private-Well-Owners.aspx).
Furthermore, use of domestic wells falls into the category of groundwater uses that do not require a permit or certificate from
Oregon Water Resources Department under ORS 537.545(1).
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The primary goals of the Roadmap Project are to:

= Improve understanding of the spatial extent of nitrate contamination and identify where connection to
(or creation of new) PWSs/CWSs/0OVSs is feasible.

= Sample selected existing domestic wells to assess water quality and address gaps to fulfill data
objectives for evaluating drinking water options.

= Investigate drinking water options and develop recommendations to implement options under a Drinking
Water Action Plan.

1.1 Stages of the Roadmap Project

The Roadmap Project consists of four stages:

= Stage 1 - Baseline Assessment and Prioritization

= Stage 2 - Initial Sampling and Feasibility of PWS Connection

= Stage 3 - Feasibility of Non-Connection Options (the subject of this technical memorandum)
= Stage 4 - Drinking Water Action Plan

Stage 1 work involved compiling and reviewing existing information and data related to the nitrate impacts
to groundwater and developing the workplans for the Roadmap Project. This included preparing the EPA-
approved Quality Assurance Project Plan for collecting well samples. Stage 1 also established “focus areas”
as the approach to developing drinking water options for the various conditions in the LUBGWMA. Stage 1
generally defined focus areas as clusters of domestic wells exhibiting elevated nitrate impacts in different
areas of the LUBGWMA, each having different characteristics in terms of proximity to existing PWSs and
hydrogeologic setting.

Stage 2 involved sampling targeted domestic wells to evaluate the adequacy of existing OHA-based water
quality data for the Roadmap Project. This data affirmation supported development of engineering concepts
for connecting domestic well users to existing municipal (City) water systems. The following technical
memoranda (TMs) document Stage 2 (now complete):

= Morrow-Umatilla County Drinking Water Investigation: Stage 2 Well Sampling Data Summary (GSI, 2025)
= Stage 2 - Public Water System Connection Concepts Technical Memorandum (HDR, 2025)

Stage 3 of the Roadmap Project focuses on options to provide drinking water to impacted domestic well
users that do not involve connection to existing municipal water systems. This TM was prepared by GSI for
Morrow County and Steering Committee members under the Roadmap Project and summarizes the results
of Stage 3. This TM is organized as follows:

= Section 1 (this section) provides an introduction and background to the Roadmap Project.

= Section 2 describes the evaluation approach including a review of non-connection options, water
demands, related regulatory efforts, and input from residents/well owners.

= Section 3 presents considerations for new water supply wells and options for improvement of existing
domestic wells to provide source water for potential CWSs and/or Oregon Very Small Systems (OVS)
under the non-connection option.

= Section 4 describes water treatment options and considerations for implementation at potential CWS
and/or OVS sites, in order to maintain nitrate levels below action levels and deliver safe drinking water to
residents.
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= Section 5 describes non-public water system options for locations that may not be amenable to the
development of other non-connection (non-PWS) options.

= Section 6 presents a summary of Stage 3 findings and establishes case study examples to illustrate
implementation concepts associated with the alternatives evaluated.

= Attachments A and B present cost information for groundwater supply wells and treatment options,
respectively. Attachment C presents non-connection concepts and hypothetical layouts for the case
study areas.

Stage 4 of the Roadmap Project will integrate the findings from the previous stages to develop an action
plan to move drinking water options forward, including identifying potential projects for implementation, next
steps to move potential projects forward, and pathways to address constraints to implementation.

1.2 Statement of Limitations

This TM documents the work performed by GSI and its subconsultants at the request and direction of
Morrow County. The findings, opinions, and conclusions included herein are for the exclusive use of Morrow
County and Umatilla County, as a partner in the project. Reliance on this document for any use or by parties,
other than those specifically identified, is at the sole risk of the user.

2. Evaluation Approach

This section describes terminology of focus areas, explains the concepts of connection and non-connection
options, summarizes water demands within the LUBGWMA, and describes the process to identify well users.

The project study area coincides with the LUBGWMA boundaries. Due to this large area (500 square miles)
and the diverse conditions that need to be accounted for in evaluating drinking water options for domestic
well users, the project team identified representative focus areas during Stage 1 of the project. The project
team relied on historical water well sampling results to identify the focus areas (groups of residences with
private domestic wells exhibiting high nitrate concentrations in groundwater). Figure 1 shows the 17 focus
areas defined within the project study area. The focus areas were selected and defined to represent:

=  Areas evaluated for drinking water options in both Morrow County and Umatilla County
= Groups of domestic well users in relative closer proximity to existing municipal water systems
= Groups of domestic well users further away from existing municipal water systems

= |ndividual or small clusters of domestic well users that may require non-PWS options

The connection options evaluated in Stage 2 of the Roadmap Project involved extending the water
distribution system of an existing municipal water system to nearby residents with impacted domestic well
water. Stage 2 evaluated four general areas for focus area development: (1) FA-2 and FA-3 near Boardman;
(2) FA-5 near Irrigon; (3) FA-6 near Umatilla; and (4) FA-10, FA-11, and FA-12 west of Hermiston. The
connection options did not include developing a hew source of water, because the cities would provide water
supply to the targeted residences.

The term “non-connection option” refers to drinking water options that do not involve connecting domestic
well users (residences) to an existing municipal (city) water system. The non-connection option generally
means connection to an existing private domestic (or newly drilled) groundwater supply well with treatment
to sufficiently remove nitrate in groundwater. Deepening an existing well is an option to access groundwater
not currently (or less) impacted by nitrates, but the project team assumes treatment is a standard
component of the non-connection options. Assuming treatment as part of the non-connection option
addresses uncertainties in the distribution of nitrate in groundwater and the potential for long-term
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migration of nitrate in groundwater. The combined well supply and treatment baseline approach applies to
individual homes and group systems.

While the primary purpose of the CDS funding and EPA research grant is to assess options to connect
impacted domestic well users to existing PWSs or other water system options, the review of hon-connection
options at this stage of the Roadmap Project includes a screening-level assessment of non-public water
system options targeted to very remote or isolated residences where a water distribution system is not
practical or cost-effective.

Selecting focus areas for preliminary assessment allows the project team to develop general design
concepts for the specific conditions in the focus areas, while evaluating the general applicability and
feasibility of design concepts (as a pilot) for other applications or settings. This approach for developing
general design concepts is particularly relevant to evaluating non-connection concepts where impacted
residences/domestic well users are geographically distributed in different densities and proximity to one
another. Furthermore, the project team applied the general non-connection options to specific “case study”
groups of homes that represent on-the-ground characteristics in three of the focus areas. Section 6.2
describes these.
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Figure 1. Drinking Water Investigation (Roadmap) Study Area and Focus Areas

2.1 Non-Connection Options

Non-connection options are considered for three water system categories under the Roadmap Project
aligned with the OHA classifications of PWSs: (1) CWS; (2) OVS; and (3) non-public water system (non-PWS).
For the Roadmap Project, drinking water options for the CWS and OVS categories include a shared water
supply well, water treatment, and water distribution system. The non-PWS category considers options that
require no water distribution system to deliver drinking water to each home.

The following list describes the three non-connection categories in additional detail:
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= Community Water System: A PWS that has 15 or more service connections used by year-round
residents, or that regularly serves 25 or more year-round residents (Oregon Administrative Rules [OAR]
333-061-0020.

= Water system infrastructure includes a shared source well that can be an existing well with
necessary improvements or the construction of a new supply well, water treatment system, and
water distribution system.

= A CWS requires a managing agency with a certified water system operator. CWSs that have only a
groundwater source with less than 15 service connections only need an operator with the Small
Water System certification, regardless of the type of treatment system installed.

= CWS designs are required to go through OHA'’s plan review process.

= Oregon Very Small System: A PWS that serves 4 to 14 service connections used by year-round residents
(OAR 333-061-0100).

= QVS systems are exempt from many requirements in OAR 333-061. In particular, OVS systems are
not required to have a certified water system operator, and the monitoring and reporting
requirements are significantly less than for a CWS.

= Non-PWS: A system with less than four connections or serves fewer than 10 people per day for greater
than 60 days per year.

= OHA does not regulate non-PWS and does not have any operator or monitoring/reporting regulatory
requirements.

= For the Roadmap Project, the non-PWS category includes options for individual homes or groups of
up to three homes/connections.

Many small CWSs experience issues with long-term sustainability due to a lack of staffing/equipment
resources and rate payer base to generate revenue for maintaining its assets. In 2022, Oregon updated its
rules to create the OVS category to improve viability of small water systems while protecting human health.
Local county health departments and the Oregon Department of Agriculture (ODA) oversee OVS systems.

In situations where a CWS is necessary (due to the number of connections), an important element of
implementation is determining the type of entity owning and operating the system. A PWS in Oregon can be
owned and operated by any entity that meets the necessary standards and regulations set by the state
under OAR 333-061-0020. Oregon allows different types of entities to own and operate a CWS. Common
examples include government entities (e.g., cities, counties, and special districts). A CWS can also be owned
and operated by for-profit companies or individually owned systems (e.g., trailer parks, resorts, small
developments), and non-profit organizations such as homeowners’ associations (HOAs), cooperatives, and
water associations. Both Morrow County and Umatilla County have expressed no interest in
owning/operating a water district, and operation of a CWS would therefore rely on other entities.

Oregon’s regulations for OVS do not mandate a specific formal managing entity such as a corporation or
public agency but only specify that a defined water supplier is responsible for operation and compliance. For
example, a water supplier can be an individual, private landowner, HOA, small business, local government,
or tribal entity. Oregon rules do not require that the operator be a formal entity like a corporation or special
district.

2.2 Water Demands

Water demands across the LUBGWMA vary widely due to differences in household size and individual
irrigation practices allowed under the exempt domestic well provision. A 2007 Oregon Water Resources
Department (OWRD) study (OWRD, 2007) indicates that average indoor-only (domestic) water use (including
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drinking water, showers, toilet flushing, laundry, cooking) is 70 gallons per day (gpd) per-capita. The U.S.
Census Bureau identifies an average persons per household of 2.83 for Morrow County and 2.65 for
Umatilla County (U.S. Census Bureau, n.d.). Using a more conservative 2.85 persons per household for the
study area, the average domestic water use is approximately 200 gpd per household (70 gpd x 2.85
persons/household).

Planning-level average day demands for water use estimates from the City of Boardman, Irrigon, Hermiston,
and Umatilla water master plans are as follows (HDR, 2025):

= Boardman - 896 gpd/household
= Irrigon - 812 gpd/household

= Hermiston - 700 gpd/household
= Umatilla - 450 gpd/household

Because water use for irrigation per household (or lot) is included in water demand estimates within city
limits, irrigation use included in these water master plan values are likely on the low end of the range relative
to more rural or larger lots where non-connection options are being considered. Applying a 3.0 times peaking
factor for irrigation season to the higher end value from the Boardman household demand (896
gpd/household) gives a conservative estimate of 2,700 gpd/household.

Recent updates to Oregon water law under Oregon Revised Statutes (ORS) 537.545 include a condition that
commercial gardens not exceeding a half-acre and using no more than 3,000 gpd are exempt from needing
a water right permit. This acts as a reasonable upper-bound on irrigation use per household for purposes of
evaluating the non-connection options. Based on this information, the following water demands are
assumed for evaluating the non-connection options and used for costing purposes:

= 200 gpd (0.14 gpm) per household for domestic use only (all household water use, including drinking
water, showers, toilet flushing, laundry, cooking)

= 3,000 gpd (2.08 gpm) per household for total demand including domestic use and peak season
irrigation use

For a group of 10 homes on a water system the total domestic use demand is 1.4 gpm (approximately
2,000 gpd) and the total domestic plus peak season irrigation use is 20.8 gpm (approximately 30,000 gpd).
Total household water use (including indoor domestic demand and outdoor irrigation) can vary substantially,
reflecting differences in the local population, household occupancy and irrigation needs across the region.

2.3 Related State Agency and County Efforts

In addition to the planning tasks of the Roadmap Project, regulatory agencies and local governments
continue coordinated efforts to address nitrate contamination in the LUBGWMA. Four state agencies—OHA,
DEQ, ODA, and OWRD—share regulatory oversight of public drinking water systems. Morrow and Umatilla
Counties are responsible for land use planning, septic system oversight, and local public health.

OHA under its Domestic Well Safety Program (DWSP)2 is currently working with Morrow and Umatilla
counties to provide access to safe drinking water to residents in the LUBGWMA with impacted private wells.
OHA conducts the following activities under the DWSP:

= Community outreach and education on health risks and access to safe water.

2 Information about the DWSP is available at https://www.oregon.gov/oha/PH/HEALTHYENVIRONMENTS/DRINKINGWATER/
SOURCEWATER/DOMESTICWELLSAFETY/Pages/LUBGWMA-Domestic-Well-Project.aspx.
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= Free initial well testing for domestic well owners, including canvassing previously unreached households.

= Free retesting, with frequency based on nitrate levels.

For households with nitrate levels above 10 milligrams per liter (mg/L) (the federal Maximum Contaminant
Level (MCL) for nitrate as nitrogen), OHA provides tiered solutions:

= 10 to 25 mg/L: Installation and maintenance of point of use RO systems (NSF/ANSI 58). These systems
are not certified for concentrations above 25 mg/L, and their waste streams have caused reported
septic system issues.

= >25 mg/L: Emergency bottled water delivery coordinated by the Oregon Department of Human Services
(ODHS). A long-term solution for this group has not yet been identified and is part of the evaluation under
the Roadmap Project.

The DWSP database is a comprehensive regional dataset maintained by OHA that compiles nitrate
concentrations and other data from well testing across the LUBGWMA. These data inform the Roadmap
Project by providing the baseline nitrate concentrations needed to evaluate treatment feasibility and
estimate the size of treatment systems, and the geographic distribution to identify high-priority clusters and
the current distribution of households requiring point-of-use treatment or water delivery. The database also
supports alignment between the Roadmap Project and regulatory efforts by ensuring that treatment options
reflect current water quality conditions.

In parallel, the ODHS Office of Resilience and Emergency Management has issued a Request for Proposals
to pilot ion-exchange treatment systems for groups of non-connected homes. At the time this technical
memorandum was prepared, the pilot study project had not yet started, but was scheduled to be completed
by June 2027.

2.4 Residence/Well-Owner Surveys

As part of Stage 2 of the Roadmap Project, a survey of residents/well owners was developed to better
understand the experiences, concerns, and priorities of the domestic well owners living in areas affected by
nitrate in groundwater. Consor (2025) describes the survey and its results. The survey asked respondents
about their knowledge of nitrate contamination, past well testing methods and results, key factors
influencing their decision to test, and their openness to potential solutions such as new or deeper wells,
home treatment systems, or connections to municipal or shared water supplies.

Surveys were delivered to residents in the focus areas (FA-2, FA-3, FA-5, FA-6, FA-10, FA-11, and FA-12)
adjacent to cities being considered for water system connections. Additional surveys were sent out to
residents in the remaining focus areas during Stage 3 of the Roadmap Project. The additional responses
gathered from Stage 3 were combined with Stage 2 to provide a more complete picture from well owners’
perspectives. Survey responses indicated that residents’ concerns are fairly consistent and well understood.
Residents commonly noted costs, level of effort, long-term responsibility, and neighbor coordination, along
with limited urgency around nitrate issues. The feedback from the surveys provides valuable insight that can
be used to shape practical, community-informed approaches to improving drinking water safety.

In addition to mailing out surveys, project team members visited specific focus areas and conducted a door-
knocking campaign where respondents indicated their level of interest in learning more about the drinking
water options or engaging with the Roadmap Project. After reviewing the door-knocking notes and survey
responses, the project team identified specific clusters of homes in focus areas FA 3, FA-4, (both in Morrow
County) and FA-10 (in Umatilla County) where respondents indicated openness to participation. These areas
were selected by the project team to develop site-specific non-connection concepts, which are discussed in
Section 6.2.
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3. New Water Supply Well and Improvement Options

This section presents information and considerations for constructing a new well or improving an existing
well as the source of water for non-connection options.

3.1 Permitting
In Oregon, water wells intended for potable supply are broadly categorized into permitted wells and exempt
wells. Each type of well has potential relevance to the non-connection alternatives considered in this project.

3.1.1 Permitted Wells

Permitted wells are those with an associated water right that OWRD may issue upon review and approval of
a water-right permit application. If issued, a groundwater permit specifies the type of use (e.g., municipal,
commercial, irrigation), the total amount of water used throughout the year (annual duty), the timing of the
water use, and the area(s) the water is used (place of use). If a permitted groundwater use is exercised in
accordance with the permit, the permit can eventually be certificated by completing a Claim of Beneficial
Use.

Due to groundwater resource supply restrictions and declining groundwater levels in the region, OWRD is
generally not granting new groundwater use permits within the LUBGWMA. However, Senate Bill (SB) 1154
(passed in June 2025 by the Oregon Legislature) modified some laws related to groundwater management
and established some provisions to address groundwater quality concerns in groundwater management
areas. As related to the non-connection alternative, these provisions include a pathway for granting new
groundwater use permits in areas otherwise declared closed to new groundwater appropriation. Specifically,
Section 20 of SB1154 states that:

....the Water Resources Department may approve an application under ORS [Oregon Revised
Statutes] 537.615 by a public water system to appropriate ground water in a ground water
quality management area declared under ORS 468B.180 for expanded group domestic use
in an amount of water equivalent to the amount of water provided by abandoned water wells
that, prior to being abandoned, had used water as provided in ORS 537.541 (1)(d) or, if used
by a household, ORS 537.545 (1)(b) and (d)....... The amount of equivalent water....is less
than or equal to 5,000 gallons per abandoned well per day, unless a higher amount is
established by the Water Resources Commission...

SB1154 provides a viable pathway to secure a new groundwater use permit for a new well serving a
community system (i.e., a new well drilled and constructed for the non-connection option). Implementation
would require that each residence connected to the system must abandon their existing domestic water
well. In most cases, individual domestic wells provide household (potable domestic) and irrigation water for
lawns/gardens under one-half acre.

Under SB1154, a new community well drilled and constructed to supply water to residences comprising the
water system would need to accommodate each residence’s potable and private irrigation uses, because
each residence would be required to abandon their existing private domestic well. Therefore, the new-well
system may need to either treat all the water (potable and irrigation) delivered to households connected to
the system, or separate conveyances from the central system would be needed to each residence (one for
treated potable supply and one for non-treated irrigation water). Surveys of residents conducted under the
Roadmap project indicate there may be resistance from individual residents to abandon their existing
domestic wells.
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3.1.2 Exempt Wells

Exempt water wells in Oregon are those specifically not needing a formal water-use permit (refer to ORS
537.545 and OAR 690-340-0010). Most individual domestic wells are authorized as exempt based on the
following restrictions:

= Domestic use not exceeding 15,000 gpd, and for watering and non-commercial lawn/garden that does
not exceed 0.5 acres

= Stock watering
= |rrigation of a commercial garden not exceeding 0.5 acres and using no more than 3,000 gpd
= |Industrial/commercial uses not exceeding 5,000 gpd

= Fire control/emergency firefighting

As related to the non-connection alternative, it is possible that an existing private well (exempt domestic
well) within the confines of the system boundary is designated as the supply well for a CWS or OVS system.
In this scenario, the designated well would be re-classified as a group domestic well and would retain
exemption from the water-rights permitting process, if the overall usage from the group domestic well is
consistent with the nature of use (described above) and has a cap of 15,000 gpd, per OWRD requirement.
This existing group domestic well would provide treated potable supply to each residence on the system, and
each individual resident on the system would retain their existing domestic well for irrigation or other non-
potable uses.

3.2 New Well versus Well Improvements

3.2.1 Overview

Groundwater supply associated with the non-connection alternative must consider whether the source will
be an existing well or from a new well. The hydrogeologic setting is an important factor to consider in
designing, siting, and drilling a new well.

The aquifer system in the study area is divided into two broad zones: alluvial wells and basalt wells (GSI,
2024). The alluvial system is composed of saturated deposits overlying the bedrock (basalt). The underlying
basalt consists of a series of lava flows; the “interflows” between the individual basalt flows yield
groundwater to wells that penetrate different intervals of the basalt system. Different layers (strata) of the
aquifer system yield variable amounts of groundwater. Drilling records for existing wells in a particular area
identify the depths and yield of the water-bearing zones within the aquifer. Therefore, important information
to assess new well options is the local hydrogeologic conditions, including depths and yields of existing water
wells in the vicinity, which in turn informs well design and associated costs.

The nitrate level in an aquifer zone is another factor in considering a new well option. Depending on nitrate
concentrations, treatment may be required to reduce nitrate concentrations to acceptable levels for potable
use. Because nitrate concentrations are variable throughout the study area, data on local nitrate levels (from
historical sampling of nearby wells) is necessary to assess treatment needs for a new well in a particular
area.

GSI Water Solutions, Inc. - 9



Morrow-Umatilla Counties Drinking Water Roadmap: Non-Municipal System Connection Concepts Evaluation

3.2.2 Considerations for a New Well Versus Well Improvements
For the non-connection alternative, factors driving the decision between construction of a new well versus
use of an existing well include, but are not limited to, the following:

= Willingness of well owners to abandon their existing, individual domestic wells to allow installation of a
new supply well under the provisions of SB1154. Similarly, willingness of one existing well owner to
volunteer their well as the community well, and ability to make provisions for that owner to receive
(untreated) irrigation water from another neighbor as applicable.

= Production capability of existing domestic wells in a given area, and whether existing wells can produce
sufficient water for all residences on the system.

= Nitrate concentrations within existing domestic wells, and within the overall aquifer system in a given
community system location. Specifically, aquifer zones (alluvial, basalt) or depth intervals within the
aquifer system(s) that are relatively less impacted with nitrate, in order to minimize treatment costs.

As an example, if an area designated as a candidate for the non-connection alternative has one or more
participants that do not want to abandon their existing domestic well, or nobody volunteers their existing well
as the community well to service other residents’ potable water needs, a new well scenario would apply and
a new water-right permit would be required for the new source.

3.3 Well Desigh Concepts

3.3.1 General Design Criteria
The following are considerations in designing a new water well:

= Hydrogeology. The hydrogeologic setting dictates whether the new well will be constructed in an alluvial
or basalt aquifer system. The depth to the target water-bearing zone will impact the depth of the cased
interval for a new well. Wells constructed in alluvium typically include a lower section of screen assembly
surrounded by a filter pack material (sand) that acts as a formation stabilizer and helps to filter out
particulates that may enter the well screen over time. Filter pack and screen assemblies should be
designed based on the grain-size distribution of the aquifer material.

Basalt wells are commonly constructed with a cased interval that penetrates the basalt system and is
isolated from the overlying alluvial aquifer using annular sealing materials. In basalt wells, the well bore
beneath the cased interval is often left open-hole due to the stability of the rock formation(s).

= Production. Desktop research into surrounding water wells gives some indication of the production
capability of wells in a specific area. The aquifer formation penetrated by a new well must have the
necessary physical characteristics to yield sufficient groundwater flow to a well. Assuming the aquifer
formation can produce the required amount of groundwater without causing excessive drawdown, the
target production rate will require a certain size (or power) of pump to deliver water to the system.
Because the pump intake needs to fit within the cased portion of the well, the size of the required pump
will drive the casing diameter for a new well. Larger casing diameters require larger boreholes, which in
turn affects the drilling and well construction program (e.g., schedule, drilling and material costs,
cuttings management). Typically, well design will reflect a target production rate with some factor of
safety included to account for variable (often declining) water levels and changes in production rate
and/or well efficiency over time.

= Longevity. Most new water wells are constructed with low-carbon steel casing. Under certain conditions
where the lifespan of the well needs to be maximized, alternative materials like stainless steel can
extend the lifespan of the well, particularly in corrosive geochemical environments. In the case of alluvial
wells, proper design of the filter pack and screen intake assembly will maximize the life of the well and
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minimize the frequency of well maintenance efforts. In basalt wells, liners can be installed within the
lower open-hole under certain conditions, which reduces the chance of well problems due to borehole
collapse or spalling of the rock formation(s) in the lower borehole.

Appropriately designed water wells generally require minimal maintenance. However, long-term operations
should include a monitoring plan that records and tracks well performance metrics (e.g., drawdown as a
function of flow rate) to help assess whether well reconditioning/rehabilitation is appropriate.

3.3.2 Typical Well Designs

Figure 2 contains conceptual schematics illustrating a basalt well completion under different scenarios. As
described in Section 3.3.1, basalt wells are typically characterized by a cased interval that extends through
(and is sealed off from) overlying alluvial deposits to avoid comingling of groundwater from different strata.
This isolating feature is required by the OWRD in new basalt wells.

Actual well depths and construction specifics at a given location are dictated by the elements described in
Section 3.3.1. The example diagram for a basalt well provided in Figure 2 generally reflects most wells in
Focus Areas 3 and 10, where the case studies are located (refer to Section 6.2). The majority of wells in
Focus Area 4 are alluvial wells (refer to Section 3.3.1).

FA3 PILOT AREA FA10 PILOT AREA
(CONCEPTUAL) (CONCEPTUAL)

& Casing W" Casing

+— 12" Borehole +—— 14" Borehole

68" Open Hake
{with optional liner)

Possible Extension
for Incressed Yield

Feet Belbw Ground Surface
B
1

8" Open Hole

% 1 [ Lower Capacity/Shallower Well:

ROM Costs May Vary From
~$30k to ~$130k Depending on
Project Needs
-0 -
240 -
7m0

Higher Capacity/Deeper Well:
ROM Costs May Vary From
~$60k to ~$200k Depending on
Project Needs

Figure 2. Conceptual Well Design for Shallow and Deep Wells
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3.3.3 Wellhead Completion, Pumps and Enclosures

Infrastructure for water supply wells includes a connection from the pump discharge to the treatment works
or conveyance lines. The connections can be completed aboveground or below-ground. Below-ground
completions typically include a pitless adapter assembly that connects discharge (and other instrumentation
elements) below ground surface—typically to avoid freezing. Aboveground connections are better suited to
wellheads located within an insulated enclosure. The type of completion is dictated by the well location
relative to any treatment works, pump controls, etc.

Most domestic wells in the study area are equipped with submersible pumps, where the entire pump and
motor assembly are submerged in the well. Where more significant flows are needed (i.e., irrigation and
municipal wells), wells are typically equipped with turbine pumps where the pump motor is situated on the
wellhead. Based on theoretical demands associated with a small CWS or OVS system, GSI and Carollo
speculate that a submersible pump is suitable and preferred for non-connection alternatives described in
this TM. Pumps should be designed to deliver required flows at the design pressure (or head). Design
pressure is obtained by determining the desired pressure/head at the service entry point, and factoring in
losses associated with treatment components, friction, etc.

A new or existing water well serving residents under the non-connection option would ideally be located
within a secured enclosure. The enclosure would also accommodate control systems, program logistics
equipment, and treatment elements, as needed, based on the individual system needs.

3.3.4 Well Testing and Commissioning

A new well must be tested to obtain basic operational and water quality parameters. A pumping test is
typically performed by pumping the well at variable and/or constant flow rates. During pumping, the water
level in the well is observed and recorded to obtain a drawdown value associated with a particular pumping
rate. Similarly, when the pump is turned off, the rising water level in the well is observed and recorded for
the recovery phase of testing. The drawdown and recovery data from a pumping test provides important
information on aquifer properties, provides a baseline on well performance/efficiency, and can be used to
predict operational and aquifer conditions at different pumping periods, at different pumping rates.

During initial testing, water quality samples are typically collected to assess general geochemical conditions
and nitrate (or other constituent) levels. This water quality data informs treatment processes and costs and
should be repeated periodically to track raw water quality changes over time. For example, if nitrate
concentrations decrease over time, adjustments to the treatment processes can be modified to minimize
treatment and residuals management costs.

3.3.5 Water Well Costs
Water well costs can be highly variable based on individual project needs. The following conditions
summarize primary cost drivers:

= Hydrogeology: The depth to target water-bearing zones directly impacts drilling and material costs.

= Production: Greater production capability requires larger pumps, which require larger casing and
borehole diameters.

= Oversight and Reporting: More complex projects benefit from third-party involvement (i.e., consultants)
to assist in well design, project specifications and contractor procurement, oversight (during the drilling,
construction and testing phases), and project documentation/reporting.

For context, costs to drill and construct a typical small-scale domestic well project for a single residence
located in the study area typically range from about $30,000 to $130,000 with actual costs driven largely by
well depth. More complex projects involving high-capacity irrigation or municipal wells with rigorous design,
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oversight and testing often exceed $1 million. Conceptual-level construction cost estimates were developed
as a Class 5 opinion of probable construction cost (OPCC) and reflect anticipated equipment features and
associated cost factors for procurement and installation of new wells. Attachment A contains cost
information for groundwater supply wells.

It is important to identify and solicit bids from qualified well drillers. Although preferred drilling contractors
often have significant lead-times, using a vetted contractor will provide for a smooth project and quality well.

3.4 Well Siting and Operational Considerations

3.4.1 Well Siting Considerations
Siting of wells is a fundamental consideration in a new well project. Several elements for siting a new well
including the following;:

= Land ownership - the well site must be secured and controlled by a designated entity responsible for the
well operations. In some instances, easements or restrictive covenants may be applicable. The site must
be controlled and secured to prevent unauthorized access and to maintain wellhead protection from
hazardous materials, etc.

= Sufficient space for drilling operations - well drilling requires the use of large equipment and lay-down
areas for materials, support equipment, and drill cuttings/water management.

= Proximity to treatment works, storage tanks and conveyance systems in order to minimize costs
associated with transmission.

3.4.2 Operational Considerations

Operation of water wells and associated treatment/controls systems should be guided by an Operations and
Maintenance (O&M) Plan. The O&M Plan should include the following:

= |nventory of important system components and associated manuals/specifications.

= Description of basic maintenance needs and normal operating parameters/limits for the well and
associated equipment.

= Description of alarms and/or notification procedures, including emergency contacts if operational
parameters are outside established parameters.

= Description of data-recording equipment, data storage/transfer procedures and a schedule for data
collection and reporting.

= Schedule for periodic water quality sampling and reporting for raw and treated water as applicable.
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4. Water Treatment Options

To support the evaluation of options under Stage 3 of the Roadmap Project, this section describes the
feasibility and suitability of treatment technologies for non-connection applications. Non-connection options
apply to locations where extending or interconnecting to an existing PWS is not practical in the near term
and where households are served by domestic groundwater wells. The following sections summarize the
available treatment technologies at the community scale and describe their distinguishing performance
criteria, O&M requirements, and residual management needs.

4.1 General Overview of Treatment Types to Address Nitrate
Three treatment technologies are included in the non-connection options assessment, as described below.

lon exchange (IX) is an established, widely available technology that removes nitrate via anion exchange on
a strong-base resin typically packed in pressure vessels. IX systems offer a compact footprint, high removal
efficiency, and moderate energy requirements, but generate a concentrated brine waste stream that
contains nitrate and chloride, which must be properly disposed. Resins have a fixed capacity that requires
brine regeneration, but they are easy to operate as compared to reverse osmosis (RO) and biological
treatment (denitrification). Many residents are familiar with similar technology in home water softeners. The
IX technology becomes less economical at higher influent nitrate concentrations due to increased resin use
and regeneration frequency.

Reverse osmosis (RO) relies on a semi-permeable membrane to reject nitrate and other constituents in the
influent water. RO offers broad contaminant removal and a compact physical footprint but is energy-
intensive, produces a substantial concentrated reject stream, and requires more advanced operation.
Pretreatment is typically needed to protect membranes, and system efficiency varies with source water
quality. RO is technically robust where high nitrate or multi-contaminant removal is required, but its waste
stream presents permitting or disposal challenges, especially for a small remote system.

Biological treatment (denitrification) removes nitrate through an anoxic bioreactor in which natural
microorganisms convert nitrate to nitrogen gas using added carbon and nutrient sources. This process has a
low energy demand, produces only innocuous biomass-based residuals, and can achieve high removal
efficiency. However, it has limited implementation in U.S. community systems and requires greater
operational oversight. Biological treatment requires acclimation and chemical dosing control to maintain
consistent removal of nitrogen and requires more consistent operator attention than RO and IX. Additionally,
post-treatment (reoxygenation, biomass removal, and disinfection) is required before distribution. Biological
treatment is advantageous where waste stream reduction and energy efficiency are priorities, but its more
rigorous operational requirements might restrict viability of use and community acceptance in some of the
LUBGWMA applications.

Table 1 explains the benefits, challenges, and cost considerations of each nitrate treatment technology.
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Table 1. Benefits and Challenges of Nitrate Treatment Technologies

Parameter

lon Exchange

Reverse Osmosis

Biological Treatment

Benefits = Proven technology for community scale. = Proven technology for community Low energy use, high efficiency.
= Readily commercially available. scale No concentrated waste stream
= Compact footprint. Readily commercially available (byproducts are molecular nitrogen
= Moderate energy, high efficiency. Compact footprint and b|or.nass). _
constituents that may be of concern Removes a broad range of
(e.g., arsenic, hardness, total contaminants.
dissolved solids) Robust over a wide range of
operating and water quality
conditions.
Challenges = Generates a contaminant-laden brine. High energy use; lower efficiency. Limited applications in the United
= Finished water quality can impact Generates a concentrated waste States and limited commercially
distribution system stability and Lead stream. available equipment packages.
and Copper Rule Compliance- Removal rates are dependent on well Biomass control is critical, requiring
= Requires media regeneration. water quality and dissolved minerals. operator oversight.
= Disposal of concentrated waste (brine). Requires a high level of operational Initial biological acclimation is
= Adds chloride to the finished water. certification for CWS/OVS scale. required, needing operations support
for start-up and shut-down.
Costs = Lowest capital costs among the options, = Generally has the highest capital cost, Has more capital costs than ion

Considerations

as it primarily requires treatment
reactors and chemical regeneration
systems and can often be integrated
into existing well systems without
significant impacts.

Moderate O&M costs ($$). It is more
energy-intensive than biological
treatment, and its brine/chemical
residuals can be difficult to dispose of.

due to the need for membranes, high-
pressure pumps, and chemical
cleaning/residuals handling systems,
and automation.

Reverse osmosis is the most energy-
intensive process, producing a high
volume of waste stream/residual and
requiring several chemicals, which can
result in the highest 0&M costs ($$$
for regional systems).

exchange, as it requires treatment
reactors, post-treatment facilities,
and chemical addition systems.

It is the least energy-intensive
process, producing little waste
stream/residuals and requiring few
chemicals, leading to moderate O&M
costs ($$).

Note

0O&M = operations and maintenance
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4.2 Treatment Concepts and Requirements

The Roadmap Project is intended to identify and evaluate viable solutions for treating nitrate contamination
in rural, non-connection areas throughout the LUBGWMA. For this evaluation, the Roadmap Project
considered nitrate treatment options for non-connected clusters of homes on the small community scale.
OHA classifies water systems with 4 to 14 connections serving 10 to 24 people as OVS systems. Finding
effective water treatment solutions for these rural areas presents several challenges, primarily due to the
dispersed nature of these homes, the cost of available treatment technologies, waste stream management,
and logistical considerations (e.g., community acceptance, accessibility, staffing). The following sub-sections
discuss treatment concepts and removal targets, regulatory requirements and storage requirements.

421 Centralized “Non-Connection” Treatment Concept

The non-connection treatment concept evaluated in the Roadmap Project consists of a centralized,
packaged treatment skid designed to serve small clusters of homes through a compact, containerized
system. Although the major process components differ by treatment technology (i.e., membranes for RO,
pressure vessels for IX, or bioreactors for biological treatment), the overall system layout is similar for all
three: the treatment equipment will be housed in a containerized or modular enclosure, with all the
equipment, controls, chemical feed systems, and ancillary components. A modular system allows the
standardized skid to be deployed quickly from the manufacturer, simplifying installation and operation.
Implementation must consider compliance with local building code related to work space areas (e.g.,
ventilation and conditioning), freeze protection of equipment and foundation design requirements. Figure 3
shows an example of this containerized treatment concept for small communities in rural application.

Figure 3. Example of an Installed Biological Treatment Unit in Central California

The photographs above show a contained treatment system with chemical storage (left) and the inside of the skid
equipped with nitrate and chlorine analyzers, dissolved oxygen probe, turbidimeters, chemical pumps, and valves with
remote access (right).
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42,2 Regulatory Requirements

OHA has primary regulatory authority, ensuring residents have access to safe drinking water by adhering to
federal and state-specific standards. The Oregon Drinking Water Quality Act (OAR 333-061), enacted in
1981, includes ORS 448.131, which authorizes OHA to adopt administrative rules to ensure safe drinking
water is provided to the public. Water systems must be designed to meet the OHA standards for finished
water quality.

The water systems evaluated in this analysis are classified as OVS systems and must comply with the
requirements described in OAR 333-061-0100. The conceptual designs for nitrate treatment include
provisions to comply with the OHA regulatory requirements as necessary.

4.2.3 Baseline Nitrate Removal

For the Roadmap Project (and within the LUBGWMA in general), the primary treatment objective is to reduce
nitrate concentrations in treated groundwater to below 70 percent of the MCL, or less than 7 mg/L nitrate as
nitrogen. All treatment concepts are evaluated with the primary goal of reliably reducing raw water nitrate
levels to the 7 mg/L nitrate standard.

The treatment design depends on the nitrate concentration in raw (untreated) groundwater and the target
standard (7 mg/L) and the system flow rates. Although the region maintains a large dataset of domestic well
nitrate results, groundwater concentrations vary widely across the LUBGWMA, making it difficult to establish
a single representative raw water baseline for treatment design. The total nitrate removal that the system
must achieve is a crucial design parameter that will significantly influence cost and system operational
requirements, and it will need to be assessed based on the site-specific groundwater quality and flow rates
required to accommodate the total number of connections.

4.2.4 Raw and Finished Water Storage

Due to hydraulic limitations with low flows and intermittent operations, a finished water tank is
recommended for centralized treatment systems. A storage tank allows for longer periods of continuous
treatment system operation to meet the daily demand of the remote community and be sized to store up to
3 days of water for the connected households. Adequate storage allows for the treatment system to be taken
offline periodically for maintenance without interrupting water availability.

Additionally, on the raw water side, it is assumed that a well pump will be needed to fill up the raw water
tank to supply the treatment skid with a constant influent flow when operating. A well pump alone cannot
provide a steady, uninterrupted flow to the treatment skid. A raw water storage tank is important for
consistent performance when on-site operations are limited.

4.3 Operations and Maintenance Considerations

This section highlights the key O&M considerations for the treatment options considered. These
considerations include influent nitrate concentrations, chemical usage, operations schedule, and residuals
management.

4.3.1 High Nitrate Removal

At raw water nitrate concentrations above 25 mg/L, treatment systems, specifically biological treatment and
IX, may face significantly greater operational complexity. Complexities include reduced process efficiency,
increased chemical consumption, and more frequent backwashing or regeneration. These operational
requirements can place a disproportionate burden in remote settings (as compared to the resources at a
regional drinking water treatment plant), where operators may not be able to be on-site daily and staffing
resources are limited.
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Higher influent nitrate concentrations raise the risk of system downtime (e.g., more frequent use of
equipment associated with residuals waste stream and cycling of this equipment) and increased lifecycle
costs, making certain technologies less suitable for non-connection applications. Considering these
constraints, choosing the appropriate treatment technology that reduces operator workload is crucial for
feasibility in non-connected LUBGWMA applications. Increased operational complexity may ultimately
influence the choice of treatment technology for these remote installations.

4.3.2 Chemical Usage

Each treatment technology requires several chemicals to maintain system performance and meet
disinfection standards. Regulatory disinfection requirements for pathogen removal would likely rely on
sodium hypochlorite as the source of free chlorine. RO requires three main chemicals: a membrane
antiscalant (to prevent fouling), pH control, and a disinfectant. IX requires a pH adjustment chemical and a
disinfectant. Biological treatment (denitrification) requires an electron donor (often acetic acid or another
chemical commonly found in household environments) to feed bacteria that convert nitrate into nitrogen
gas. Biological treatment also needs a reoxygenation chemical (e.g., hydrogen peroxide) and a disinfectant.

Depending on the treatment goals and water stability (i.e., corrosivity), which will differ from one scenario to
another, other chemicals might be needed for each treatment system.

4.3.3 Operations Schedule

Nitrate treatment systems require operational oversight. Systems would be equipped with in-line water
guality monitoring and data logging for critical parameters such as flow rate, finished water nitrate
concentrations, and turbidity. While the controls and remote monitoring are intended to reduce operator
oversight, operators must visit the treatment skid as part of routine checks and to confirm and make
changes for any critical alarms related to equipment malfunction or process upsets. A finished water storage
system provides an important safety barrier demand during these events, allowing the system to be taken
offline for troubleshooting or short-term maintenance without interrupting water availability to households.

Small-scale treatment skids can be operated either intermittently or continuously. Continuous operation (i.e.,
24 hours per day, 7 days per week) generally reduces mechanical stress on the equipment and is favorable
for biological acclimation for biological treatment. However, intermittent operation is more practical for
remote operations, as it avoids the need for 24 hours per day, 7 days per week oversight and constant
staffing. Instrumentation and automation can also be integrated into the system to reduce the amount of
operator oversight.

For conceptual design planning purposes and ROM costing for the Roadmap Project, the team assumed that
the containerized skids would operate intermittently: approximately 8 hours per day, 5 days per week. This
provides downtime for equipment to facilitate troubleshooting and repairs. Employing automation in the
treatment packages will further reduce the need for operational staff and time spent at each site. Though
intermittent operation poses a mechanical strain on equipment and processes (e.g., biological treatment),
with proper system design and operating setpoints, such strain on the system is minimized.

4.3.4 Residuals Management

Residuals management is a key challenge in managing a nitrate treatment process for rural communities in
the LUBGWMA. While RO and IX are among the most commercially available small community technologies,
both generate residuals containing nitrate that must be reliably contained, permitted, and disposed of
properly. In other similar municipal applications for remote IX or RO treatment, residuals are discharged to a
sanitary sewer for treatment at a wastewater facility; however, sewer connections are generally not available
for remote clusters in the project area. Land application can be an attractive alternative in rural settings, but
land application of nitrate-bearing residuals is strictly regulated in the LUBGWMA by DEQ and is likely not
feasible.
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For RO and IX, the key challenge is that nitrate is not destroyed by treatment; it gets concentrated into a
waste stream instead. RO continuously produces a reject stream that contains elevated nitrate and other
dissolved constituents removed from the raw water. A benefit to RO is consistent performance and broad
constituent removal, but the tradeoff is a relatively high-volume residual that can overload on-site systems
(e.g., septic) or be costly to haul offsite. IX produces a brine/regenerant waste stream during resin
regeneration/backwash; the benefit is typically lower overall waste volume than RO and simple packaged
equipment, but the residual is similar to RO concentrate (or waste); highly saline and nitrate-laden. Such a
waste stream can be incompatible with septic systems and increases hauling, containment, and disposal
complexity. In both cases, handling residuals, logistics, permitting, and long-term disposal costs can become
limiting factors that outweigh treatment performance advantages for small, remote systems.

Biological treatment offers the most favorable residuals profile for remote applications because nitrate is
converted to nitrogen gas rather than concentrated into a brine or reject stream. Residuals are primarily
limited to periodic backwash containing biomass and suspended solids, which may be more compatible with
land application or other low-complexity management approaches.

Table 2 summarizes the main residuals handling factors for each treatment type and their potential options.

Table 2. Residuals Handling Methods - Key Considerations

Parameter lon Exchange Reverse Osmosis Biological Treatment
Waste Waste Brine Stream Concentrated Waste Innocuous Backwash
Characteristic Stream Waste Stream
Waste Stream  Small Volumes, High Large Volumes, High Nitrate Small Volumes, No Nitrate,
Water Quality Nitrate Concentrations Concentrations Waste Biomass
Permitting for land Permitting for land L_and _appllcatlon for .
- L . L . filtration waste is permitted
Permitting application of residuals application of residuals . ; :
: . i ) 1 . ) 1 by DEQ. Filtration waste will
Considerations with nitrate concentrations  with nitrate concentrations L
. . . . not contain nitrates, but
is strictly managed. is strictly managed.

still must be permitted.

Residuals handling options
Residuals handling options  Residuals handling options  include septic haul waste

Handling typically include septic haul include septic haul waste programs. Land application
Options waste programs if land programs if land application may be feasible depending
application is not feasible. is not feasible. on the site’s agricultural

practices and needs

4.4 Conceptual Cost Estimate

To support comparison among treatment alternatives, the team developed conceptual-level construction
cost estimates for containerized reverse osmosis, ion exchange, and biological treatment. These estimates
are intended to serve as planning-level reference points. At the 200 gpd per household demand levels
assumed for the small system concepts, the treatment system capacity is sized for 5 gallons per minute. At
this capacity and assuming containerized systems, the costs are on the order of $1.4 million for RO system,
$1.8 million for an IX system, and $2.3 million for a biological treatment system. These estimated cost
values include all system components including water storage and residuals storage, but do not include well
improvements and water distribution system components. Expected annual O&M costs for the systems
range from $100,000 to $150,000. The estimates are presented as a Class 5 opinion of probable
construction cost (OPCC) and reflect anticipated equipment features and associated cost factors for design,
procurement, and installation of the treatment systems. Attachment B contains the cost information.
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5. Non-Public Water System Options

This section evaluates potential non-public water system drinking water supply options. The evaluation is
based on a household demand of approximately 200 gpd for full domestic use (see Section 2.2). Options
were evaluated based on technical feasibility, logistical requirements, cost considerations, and the
availability of existing infrastructure and service providers in the region.

Based on the evaluation, hauled potable water stored in individual household cisterns (most likely) or small
shared cistern systems (less likely) emerged as the only non-PWS options capable of reliably meeting full
household domestic water demand in the study area. At present, the area has inadequate bulk hauling
capacity. Other non-PWS approaches may supplement consumptive uses but are not sufficient to meet full
household demand.

5.1 Bulk Water Delivery - Viable for Whole-House Demand

Bulk water delivery was evaluated at two different scales: (1) individual household, and (2) shared delivery
systems (two to three homes). In both cases, the storage tank (or cistern) functions as the primary potable
water supply. Potable water from a distributor is delivered (hauled) and held in a storage system for use by
the home(s). Water is periodically delivered and refilled by licensed haulers from a potable water source
such as nearby cities. This approach has been widely used in drought and contamination responses because
it can provide a complete household water supply while longer-term infrastructure solutions are developed.
The primary limitation is the availability of potable water hauling services.

5.1.1 Water Storage

An individual home cistern or aboveground storage tank typically ranges from 2,500 to 6,000 gallons and is
connected to the home plumbing system through a pump and pressure valve. A shared cistern system
provides potable water storage for a small group of nearby households (two to three homes). For these group
systems, tanks typically range from 10,000 to 30,000 gallons and may distribute water through short
pipelines or shared taps. Larger shared tanks would require multiple tanker loads to fill; however, those
deliveries could supply several households from a single storage location. Because water hauling capacity is
already limited in the region, this efficiency advantage may be partially offset by the logistical challenges of
installing larger tanks.

Shared cistern systems serving fewer than four households may avoid regulatory requirements associated
with PWSs. Shared cisterns can reduce per-household infrastructure costs and allow tanker deliveries to
supply multiple homes at once. However, the approach requires cooperation among participating
households and suitable siting for shared infrastructure. It should be noted that the system may outlast
current household residents/owners, and administrative agreements are needed between homeowners to
ensure ongoing bulk delivery and system maintenance.

For single home applications, costs for an aboveground plastic storage tanks with fittings, valves, and
delivery are on the order of $1.20 to $1.40 per gallon, so that a 5,000 gallon tank ranges from $6,000 to
$7,000, respectively. In-ground storage tanks would require additional excavation and additional
appurtenances. Labor and materials (pump and plumbing) to connect the tank to household to deliver water
could add approximately $5,000 to $6,000. Electrical work to provide power to the pump would cost
between $500 and $6,000, depending on proximity to and availability of existing circuits and panels.

For shared systems with two to three homes, tank size and material are important considerations. For larger
extruded plastic tanks, storage volumes larger than approximately 10,000 gallons will likely involve
significant shipping costs or specialized freight handling, while large lined-metal tanks could save on
shipping costs but will add more engineering and construction cost. As a result, increasing tank size to

GSI Water Solutions, Inc. - 20



Morrow-Umatilla Counties Drinking Water Roadmap: Non-Municipal System Connection Concepts Evaluation

reduce hauling frequency may shift costs and logistical complexity from transportation to infrastructure
installation.

Tank Depot provided estimates for two types of tanks:

= A 27-foot diameter, 7.5-foot tall, 31,000 gallon tank costs $39,550 for parts, freight, and installation.
This does not include engineering and constructing the foundation (would need a 30 x 30 foot pad),
plumbing, project management, water for leak testing, and subsequent sanitation requirements.

= An 18-foot diameter, 18.5-foot tall 34,000 gallon tank costs $65,850 for parts (including ladders and
safety equipment), freight, and installation. The same restrictions noted above apply here. This requires
a smaller foundation pad but the safety equipment increases tank costs.

Plumbing the tank to each household would depend on distance between the tank and respective
households. Cost of installation, electricity, and maintenance would need to be shared between the
households.

5.1.2 Water Source

Area cities (Boardman, Umatilla, and Hermiston) have varying policies and hydrant meter programs that
could allow provision of treated water to bulk water haulers for further distribution. City representatives
provided preliminary information provided below:

= City of Boardman has a hydrant meter program that could be leveraged for use as a water source for
water delivery.3 Hydrant meter use has a $50 application fee, $850 deposit (refundable), and $36.80
monthly rental fee. The base water use charge is $21.53 for the first 8,000 gallons, with water overage
charge of $0.84 per 1,000 gallons in excess of 8,000 gallons per month.

= City of Umatilla has two water rates: (1) standard rate for all connections located inside city limits; and
(2) double the standard rate for customers connected to City water but located outside city limits. The
City does not currently have any code prohibitions on what the customer can do with the water they
receive from the City. While the City does not currently have a bulk water rate, hydrant meters are rented
out for a refundable $1,400 deposit, $300 monthly rental fee and $285 per 7,000 gallons of water.

=  City of Hermiston forbids selling water outside of city limits, but the City Manager interprets that this
prohibition only applies to physical connections, and does not specifically address selling water for water
hauling/delivery. The City’s water rates for hydrant meters (at time of this research) are double the
current standard water rate. The City Manager noted that the higher rate provision accounts for the
possibility that hydrant meters could be hooked up anywhere in the water system, and that this provision
could potentially be eliminated for a permanent filling station.

= City of Irrigon code stipulates that city water cannot be sold outside of city limits, and that water from
bulk meters are only allowed for contractors who do work for and in the city for their
projects/developments.

Any potential use of city water for bulk water delivery would not confer any type of property interest or “right”
to the water. Unless there are provisions in a purchase agreement, it is likely that bulk water purchases
through a hydrant program or similar program would be cut off (first or early) in a water shortage emergency.
Additionally, there is no guarantee that future city council(s) would not decide to end allowing shared (for
sale) practice, or significantly increase the price of water for hydrant meters.

3 Information about the City of Boardman hydrant meter program is available at https://www.cityofboardman.com/public-
works/page/hydrant-meter-program.
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Finally, at least one private water distributor, Desert Springs, has capacity to provide bulk treated water.
Desert Springs is one of the providers of bottled water for ODHS area activities in the area and has capacity
to deliver 40,000 gallons; however, during the research for this project, they expressed no interest in hauling
water.

5.1.3 Potable Water Hauling Service Availability

At the time of the research for the Roadmap Project, the primary limitation of the bulk water delivery option
is the availability of potable water hauling services in the area. The cities and counties do not currently
operate water hauling services. Based on a preliminary survey, there is a shortage of local private water
haulers in the region. Corwin Company in La Grande, Oregon, operates at least one 4,400-gallon potable
water truck to haul water to U.S. Forest Service fire camps, which may limit availability during the fire
season. Two other regional haulers were identified but were determined to either no longer be in business or
about to close business. Local well service providers offer temporary bulk water during well repair or
replacement operations, and may also be interested in providing water hauling services if the demand and
market develops.

For general comparison, the following cost information was provided by two private water hauling
contractors:

= A contractor in Bly, Oregon, under contract with the Oregon Department of Forestry during the 2025 fire
season provides a 4,000-gallon potable water truck for approximately $2,200 per day.

= A contractor in Bend, Oregon, charges $200 to $225 per hour for their 4,000-gallon truck, which would
be approximately $1,600 to the LUBGWMA. For deliveries nearer to Bend, the contractor charges $225
to $250 per load. This may be comparable to what a local hauler might charge.

While actual costs for household delivery would depend on travel distance, routing, and delivery frequency,
these examples illustrate the potential magnitude of hauling costs.

Due to a lack of demand for water delivery, there is little to no current capacity to haul potable water in the
area. Thus presently, the feasibility of cistern-based supply systems is constrained less by the availability of
potable water sources or storage infrastructure than by the limited number of regional potable water hauling
providers. However, local capacity could grow depending on future demand.

5.2 Other Non-PWS Concepts - Not Viable for Whole-house Demand

This section summarizes the other non-PWS concepts reviewed for domestic supply in non-connection areas.

5.2.1 Community Fill Stations

In some rural regions lacking piped water service, such as the colonias of the U.S.-Mexico border region,
households transport water from community filling stations using food-grade Intermediate Bulk Containers
(IBCs) (275 to 330 gallon tanks placed in pickup trucks) and then pump the water into household plumbing
systems. Given an estimated domestic demand of approximately 200 gpd/household, this approach would
require multiple hauling trips per week and is, therefore, unlikely to be practical as a primary whole-house
supply strategy.

5.2.2 Water by Rail

Water transport by rail has occasionally been proposed in drought situations. No active potable water rail
supply systems were identified for this region. Implementing such a system would require substantial
infrastructure for rail loading, water storage, and truck distribution, as well as addressing regulatory and
water rights considerations.
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5.2.3 Atmospheric Water Generation

Atmospheric water generators use solar-powered systems to condense moisture from the air and produce
potable water. These systems operate independently of groundwater or surface water sources and may be
attractive for remote locations. However, current technologies typically produce only 190 to 500 pints per
month per unit, depending on relative humidity and solar input per unit of equipment, depending on
temperature and humidity (SOURCE, n.d.). As a result, this technology is not currently considered practical
for large-scale domestic supply.

Household-scale rainwater harvesting and recharge research in western Oregon presented the possibility of
harvesting rainwater, storing it in a local groundwater “bubble” and retrieving it later (Embleton, 2012).
Precipitation levels in eastern Oregon are generally too low to support significant household demand. In
addition, this would likely represent a regulated activity (aquifer storage and recovery [ASR]), which requires
extensive hydrogeologic study, regulatory permitting, and infrastructure, such as injection wells and
monitoring systems. While ASR is in the early stages of implementation in the region for broader water
supply benefits, it is generally considered a long-term, municipal-scale water management strategy rather
than a near-term response to local-scale household drinking water supply challenges. In the long-term,
individual residences/domestic well users or small groups of residences could benefit from increased and
improved groundwater quantity and quality from ASR operations.

5.3 Summary of Non-Public Water System Options

Based on this evaluation, hauled potable water stored in individual household cisterns appears to be the
most practical non-public water system approach for meeting whole-house domestic water demand in the
LUBGWMA. Delivery of water to cisterns shared between two to three households is a viable option but
requires agreement on siting, sharing installation and maintenance costs and shared administration of
water delivery which poses short-term and long-term barriers to success. The primary implementation
constraint to either cistern approach is the limited availability of potable water hauling services in the region.
Table 3 provides estimated costs for the preferred individual household cistern approach.

Table 3. Estimated Costs for Individual Household Cistern Installation and Water Delivery

Category Estimated Cost Notes

Tanks in the 5,000-gallon range, includes covers and
Tank delivery $5,100 - 6,200 2-inch inlet and outlet valves. Options like sight level
gages and additional fittings not included.

Parts and labor to install the pump and excavate and
backfill about 10 feet of plumbing.

Parts and labor to power a 110V, 15A cistern pump;
Electrical connection $500 - $6,000 rate depends on proximity to and availability of existing
circuits and panels.

Pump and plumbing

installation $6,000

Assumes local use and access of 4,000-gallon truck
with access to city hydrant meters. There are currently
no local water haulers. Quoted delivery from Bend
assumes four tank fills in one day plus travel to and
from Bend.

$225 to $250

Bulk water delivery (local) per delivery
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6. Non-Connection Concept Summary of Findings and Case Study Examples

The Stage 3 information presented in this TM for non-(municipal) connection options and the information on
connection options from Stage 2 will be compiled and evaluated from an implementation perspective in the
Stage 4 Action Plan. Implementation topics include:

= |dentify potential funding-ready projects (i.e., those that have undergone technology screening and pre-
design) to proceed into planning and formal design.

= |dentify and secure funding sources and funding pathways through regional partnerships and relevant
governmental and non-governmental programs.

= Build community engagement, collaboration, and cooperation among property owners/residents to
develop drinking water projects.

= |dentify permitting requirements, legislative or other regulatory pathways to streamline implementation.

6.1 Summary of Key Findings
This section summarizes the information and findings from the review of well supply and water treatment

options and non-public water system options under the Roadmap Project, as presented in previous sections
of this TM.

6.1.1 New Supply Well and Well Improvement Findings

Non-connection options associated with water systems considered for this project require a water supply
source (i.e., a groundwater well). The well can be newly drilled/constructed or improvements can be made to
an existing well if determined to have adequate production capacity and can be cost-effectively upgraded.
The supply well also must have suitable construction, and be properly permitted from a water rights
standpoint.

= SB1154 (passed in June 2025 by the Oregon Legislature) provides a viable pathway to secure a new
groundwater permit for a new well serving a community system (i.e., a new well drilled and constructed
for the non-connection option). Implementation would require that each residence connected to the
system must abandon their existing domestic water well, which has raised concerns with domestic well
users about affordability of paying for irrigation use under a CWS.

= An alternative to a new groundwater permit for a new well is to use an existing private well (exempt
domestic well) as the supply well for a CWS/0VS system. In this scenario, the designated well would be
re-classified as a group domestic well and would retain exemption from the water-rights permitting
process, as long as the overall usage from the group domestic well is consistent with the nature of use
(described above) and a cap of 15,000 gpd. This existing group domestic well would provide treated
potable supply to each residence on the system, and each individual resident on the system would retain
their existing domestic well for irrigation or other non-potable uses.

= Considerations driving the decision between constructing a new well or using a suitable existing well for
a CWS/0VS system in a particular community location include the following:

= Willingness of participants to abandon their existing, individual domestic wells and install a new
supply well under the provisions of SB1154. Similarly, willingness of one existing well owner to
volunteer their well as the community well, and ability to make provisions for that owner to receive
(untreated) irrigation water from another neighbor as applicable.

= Construction suitability and production capability of an existing domestic well to serve the CWS/0VS.
Many existing wells have the capacity to serve demands for an OVS serving only domestic uses, but
may not have sufficient capacity for irrigation needs.
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= Nitrate concentrations within existing domestic wells, and within the overall aquifer system. Having
the well screened in (or open to) a particular aquifer zone (alluvial, basalt) or depth intervals that are
relatively less impacted with nitrate can minimize treatment costs and influence viability of options.

= Well costs for a typical small-scale domestic well project for a single residence located in the study area
typically range from about $30,000 to $130,000 with the actual costs for a specific well driven largely by
well depth. More complex projects involving high-capacity irrigation or municipal wells with rigorous
design, oversight and testing often exceed $1 million. Attachment A includes supporting well cost
information.

6.1.2 Treatment Findings

Identifying and implementing effective water treatment solutions for rural areas of the LUBGWMA presents
several challenges, primarily due to the dispersed nature of the homes, the cost of available treatment
technologies, waste stream management, and logistical considerations (e.g., community acceptance,
accessibility, operational staff). Water systems evaluated in this analysis are classified as OVS Systems, and
must comply with the requirements described in OAR 333-061-0100. The conceptual designs for nitrate
treatment include provisions to comply with the OHA regulatory requirements as necessary.

= The three treatment technologies considered for the non-connection concepts include: (1) ion exchange
(IX), (2) reverse osmosis (RO), and (3) biological treatment. Table 1 summarizes the key advantages and
disadvantages of the treatment technologies. IX and RO are proven technologies for community scale
readily commercially available. However, both require significant residuals (waste) management.
Biological treatment has a low energy demand and high removal efficiency. However, it has limited
implementation in U.S. community systems and requires greater operational expertise and oversight.

= Although the major process components differ by treatment technology (such as membranes for RO,
pressure vessels for IX, or bioreactors for biological treatment) the overall layout of modular packaged
systems is similar for all three: the treatment equipment can be housed in a containerized or modular
enclosure that includes the treatment equipment, controls, chemical feed systems, and ancillary
components.

= Handling residuals, logistics, permitting, and long-term disposal costs are important considerations that
may outweigh treatment performance advantages for small, remote systems. Residuals handling will
likely require storage and disposal (e.g., septic haul waste program), because land application will be
difficult to implement and permit in the LUBGWMA with existing groundwater quality concerns. The
following are trade-offs among the treatment technologies with respect to residuals management:

= RO and IX both generate residuals containing nitrate that must be reliably contained, permitted, and
disposed of.

= Biological treatment offers the most favorable residuals profile for remote applications because
nitrate is converted to nitrogen gas rather than concentrated into a brine or reject stream.
However, biological treatment requires regular and active operational control and oversight.

= For concept-level evaluation, the costs of treatment systems for the small system concepts assume a
system flow rate of 5 gpm, which satisfies the 200 gpd/household demand levels established in this TM.
At this capacity and assuming containerized systems, the costs are on the order of $1.4 million for
reverse osmosis system, $1.8 million for an ion exchange system, and $2.3 million for a biological
treatment system. Annual O&M for the systems are anticipated to range from $100,000 to $150,000.

6.1.3 Non-Public System Options

For individual residences or small clusters of residences, the non-public water system approach is the only
feasible option. A survey review shows that options for these situations are limited. Individual point-of-use

treatment (i.e., at kitchen and bathroom sinks) or point-of-entry (i.e., whole home systems) are options but
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have treatment threshold limits (typically < 25 mg/L) or have restrictions for septic tank disposal for
residuals.

= Hauled potable water stored in individual household cisterns appears to be the most practical non-
connection approach to meet household domestic water demand. Delivery of water to cisterns shared
between two to three households is a viable option but requires agreement on siting, sharing installation
and maintenance costs and shared administration of water delivery, which poses short-term and long-
term barriers to success.

= The primary implementation constraint to any cistern approach is the limited availability of potable
water hauling services in the region.

= Other non-PWS approaches (e.g., community fill stations, water-by-rail, etc.) may supplement
consumptive uses but are not sufficient to meet full household demand.

= Costs: Installation costs for single home cistern system can range from $12,000 to $20,000
depending on the size of the system and $3,000 to $4,500 per year for annual water delivery costs,
assuming water-hauling service is available.

6.2 Case Study Area Concepts

The homeowner survey and door-knocking campaign at select focus areas (see Section 2.3) led to the
selection of three groups of homes to develop OVS-type non-connection concepts, because these groups of
homes had some homeowners who indicated interest in a group water system and willingness to participate
in further coordination in the future. The case studies are intended to illustrate the system components, an
opinion of probable construction costs, and highlight implementation considerations. The concept presented
assumes the system is sized to serve domestic use only for the connected residences.

Attachment C includes information on the non-municipal connection concepts for the three case study
areas. It should be noted that the concepts have not been discussed directly with or approved by the
individual homeowners/residents. The concepts are strictly for illustrative purposes and to guide further
development of the concepts with the residents of these areas or to adapt to other groups of homes in the
LUBGWMA.

The case study concepts all assume improvements are made to an existing well and ion exchange is
selected for the treatment technology. Existing domestic wells will continue to be used to serve irrigation
demands. A raw water and finished water storage tank connects the well source and treatment unit to the
water distribution system. The water distribution lines connecting the group of homes is assumed to be 2-
inch ductile iron pipe. Service connections deliver the treated water to individual homes. An evaporation
pond is located near the containerized treatment unit to store residuals from the treatment process.
Attachment C includes:

= Description of the basis for selection of the existing well for improvements as the source of supply to the
water system for each of the case study areas.

= Schematic map of each case study area showing the primary components of the water system (well
source, containerized treatment system and appurtenances, evaporation pond for residuals, water
distribution lines and service connections to homes).

= System components and cost table. With an ion exchange treatment system, the capital cost estimate
ranges from $2.0 to $2.5 million depending on the number of homes connected to the system (5 to 10
homes for the case study areas considered).
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6.3 Selection of Non-Connection Approach

Providing long-term, viable and cost-effective drinking water solutions for the more rural or geographically
isolated homes in the LUBGWMA is challenging. Small systems have limited revenue base to sustainably
cover capital costs and operations of water systems. Options for residuals management from treatment
operations is limited, likely requiring some cooperative approach with the counties and cities. Non-system
options such as water hauling for individual or groups of 2-3 homes is limited by the lack of program
services.

A decision framework for the viability of a community water system versus point of use system or water
delivery will need to consider key questions including:

= |s there an existing well that can be shared as a water source?
= |s there an ability to accommodate large volumes of residuals from treatment?

= |s there a willingness and ability to operate a shared treatment system?

= Is the household willing and able to treat all domestic water needs and manage residuals from
treatment?

Site-specific factors varying widely across the LUBGWMA will impact treatment selection, including nitrate
contamination levels, connection feasibility, and water quality. O&M considerations, governance (ability for
groups of homeowners to reach agreement), and homeowner preferences are also critical in the
development of the decision framework and implementation considerations in the forthcoming Stage 4
action plan development.
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Assumptions - New Small Community/Shared Well
Smaller Pilot - FA3 Area

Drilling/Hole Geometry

Direct Rotary Drilling. 12-inch nominal diameter upper hole. 8-inch
nominal diameter lower hole. Liner pending rock stability.

Production Casing:

8-inch diameter low-carbon steel, seated and sealed into basalt
formation

Open Interval:

Open from approximately 40 to 120 feet bgs - exposing first series
water-bearing zones. Interval could require deeper open-hole section
if greater flow capacity needed (ie, above ~50)

Number of Connections (Small - FA3 Area)

25

Per Household Use - Full Domestic (gal/day)

900

Per Household Use - Potable Domestic Only (gal/day)

70

FA3 Pilot Area Demand - Lower End (gpd)

1,750

FA3 Pilot Area Demand - Upper End (gpd)

22,500

Assumed AST Capacity - Low End (gal)

5,000

Assumed AST Capacity - High End (gal)

50,000

Assumed Time to Fill Tank (min)

720

Instantaneous Well Demand - Low End (gpm)

7

Instantaneous Well Demand - High End (gpm)

69

Note on tank: should be able to handle more than 1 day of demand. Available storage should be large enough to handle delta
between peak hour demand, and max daily consumption for a period of 4 hours w/o depleting half of tank storage. Fire protection

Assumed peak hour demand (high/full domestic)

187.5 peak hour demand:

gpm

Assumed peak hour demand (low/potable)

14.583333

gpm accommodate full days need in
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Cost Estimate: Conceptual Community Supply Well - DWI Project
Smaller Capacity Well (FA 3 Pilot Area)- Targeting 10-20 gpm Sustainable Yield

Lower Estimate

Higher Estimate

Approx. o Extended Approx. o Extended
. . . Unit Price . . Unit Price .
Item No. Items of Work and Materials Units Quantity (o= Price Quantity (High-End) Price
(Low-End) (Low-End) (High-End) 9 (High-End)
MOBILIZATION / DEMOBILIZATION
Mobilization and Demobilization including all
1 equipment and incidental items for installing a new Lump Sum 1 $ 1000159 1,000 1 $ 4,000 | $ 4,000
production well, and site cleanup
2 Erosion Control Lump Sum 0 $ 800 | $ - 1 1,200 1,200
3 Turbidity Reduction and Water Management Lump Sum $ 500 | $ - 1 1,000 1,000
WELL DRILLING, CONSTRUCTION, AND TESTING PROGRAM
4 ;I;):LIJIi:le-mch borehole into the top of the target basalt Linear Feet 40 $ 100 | 3 4.000 40 $ 180 | $ 7.200
5 Fur.nlsh and install 8-inch dlameter 0.250 wall Linear Feet 40 $ 120 | 4.800 40 $ 148 | 3 5.920
stainless steel blank well casing
6 Furnish and install cement grout seal Linear Feet 40 $ 100 | $ 4,000 40 $ 1751 % 7,000
7 Drill nominal 8-inch dle?meter pprehole to total depth Linear Feet 80 $ 9|3 7200 120 $ 120 | 3 14,400
(dependent on geologic conditions encountered)
8 Zone testing (assess SWL, production, water quality) |Each 0 $ 500 | $ - 3 $ 800 | $ 2,400
9 Conduct well development Hours 1 $ 650 | $ 650 8 $ 750 | $ 6,000
10 Perform video inspection of open borehole Lump Sum 0 $ 1,000 | $ - 1 $ 2,000 $ 2,000
11 Conduct plumbness and alignment testing (simple Lump Sum 0 $ 500 | $ i 1 $ 1200 | $ 1,200
plummet)
Install 6" liner assembly; assume 80 feet of stainless
12 steel wire-wrap screen (0.150-slot) and 10 feet of Linear Feet 0 $ 210 | $ - 80 $ 2201 $ 17,600
blank casing. (Optional)
13 Perform video inspection of well casing and liner Lump Sum 0 $ 1,000 | $ - 1 $ 2,000 $ 2,000
14 Production Test - Step-Rate Test Hours 0 $ 1751 % - 4 $ 250 | $ 1,000
15 Production/Safe Yield - Constant Rate Test Hours 0 $ 1751 9% - 24 $ 2501 $ 6,000
16 Perform well disinfection Lump Sum 1 $ 800 | $ 800 1 $ 2,000 | $ 2,000
17 Wellhead completion Lump Sum 1 $ 400 | $ 400 1 $ 1,200 | $ 1,200
Pumps, Metering & Controls
18 F'urn|sh anq install power, permanent pump, controls Lump Sum 1 $ 6,000 | § 6,000 1 $ 45,000 | $ 45,000
discharge line, and valves and appurtenances.
19 Sounding Tubes & Water Level Transducer Lump Sum 1 $ 1,400 | $ 1,400 1 $ 2,500 | $ 2,500
20 Flow Metering Lump Sum 1 $ 1,200 | $ 1,200 1 $ 2,200 | $ 2,200
ENGINEERING DESIGN, OVERSIGHT, WATER QUALITY TESTING AND REPORTING
21 Well Siting Study Lump Sum 0 $ 3,000(% - 1 $ 4,200 | $ 4,200
22 Well Design and Technical Specificaitons Lump Sum 0 $ 5000|(8$ - 1 $ 6,000 | $ 6,000
Project Management and Drilling Oversight by i
23 Licensed Geologist/Engineer Lump Sum 0 $ 10,000 9% 1 $ 20,000 | $ 20,000
24 Water Quality Testing Lump Sum 1 $ 200 $ 200 1 $ 1,800 | $ 1,800
5 Sum.mary Report - Well Drilling, Construction and Lump Sum 0 $ 4.000 | $ i 1 $ 7800 | $ 7.800
Testing Summary
Total Drilling/Construction $ 31,450 $ 131,820
Total Outside & Soft Costs $ 200 $ 39,800
Total Projected Costs $ 31,650 $ 171,620
Notes:

"FA3 Pilot Community Well":

Assume 8" casing set and sealed to approximately 40 feet

Open/Intake interval could be 80 to 120 feet depending on actual yield needed.

Wide range of support costs (consulting, Specs, testing, etc.)

Main WBZs are generally from Elevation 225 to 325
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Assumptions - New Small Community/Shared Well
Larger Pilot - FA10 Area

Drilling/Hole Geometry

Direct Rotary Drilling. 14-inch nominal diameter upper hole. 8-inch
nominal diameter lower hole. Liner pending rock stability.

Production Casing:

10-inch diameter low-carbon steel, seated and sealed into basalt
formation

Open Interval:

Open from approximately 130 to 275 feet bgs - seal off the
alluvial/basalt transition zone aroudn 60-90 ft, and produce from
underlying WBZs located about 240-275, and potentially another
deeper WBZ at approximately 325-345

Number of Connections (Medium/Large - FA10 Area)

7

Per Household Use - Full Domestic (gal/day)

900

Per Household Use - Potable Domestic Only (gal/day)

70

FA10 Pilot Area Demand - Lower End (gpd)

490

FA10 Pilot Area Demand - Upper End (gpd)

6,300

Assumed AST Capacity - Low End (gal)

5,000

Assumed AST Capacity - High End (gal)

50,000

Assumed Time to Fill Tank (min)

720

Instantaneous Well Demand - Low End (gpm)

Instantaneous Well Demand - High End (gpm)

69

Note on tank: should be able to handle more than 1 day of demand. Available storage should be large enough to handle delta
between peak hour demand, and max daily consumption for a period of 4 hours w/o depleting half of tank storage. Fire

Assumed peak hour demand (high/full domestic)

52.5 peak hour demand:

gpm

Assumed peak hour demand (low/potable)

4

gpm accommodate full days need
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Cost Estimate: Conceptual Community Supply Well - DWI Project

Higher Capacity Well (FA 10 Pilot Area)- Targeting 80-120 gpm Sustainable Yield

Lower Estimate

Higher Estimate

Approx. o Extended Approx. o Extended
. . . Unit Price . . Unit Price .
Item No. Items of Work and Materials Units Quantity (LrE Price Quantity (High-End) Price
(Low-End) (Low-End) (High-End) 9 (High-End)
MOBILIZATION / DEMOBILIZATION
Mobilization and Demobilization including all equipment
1 and incidental items for installing a new production well, [Lump Sum 1 $ 1,200 | $ 1,200 1 $ 5,000 | $ 5,000
and site cleanup
2 Erosion Control Lump Sum 0 $ 1,000 | $ - 1 $ 1,500 | $ 1,500
3 Turbidity Reduction and Water Management Lump Sum 0 $ 600 - 1 $ 1,200 | $ 1,200
WELL DRILLING, CONSTRUCTION, AND TESTING PROGRAM
4 Z;tlifli_mCh borehole into the top of the target basalt Linear Feet 9 $ 120 | s 10,800 130 $ 220 | 28,600
5 Furnish and install 10—|nch diameter 0.250 wall stainless Linear Feet % $ 135 | $ 12.150 130 $ 165 | $ 21,450
steel blank well casing
6 Furnish and install cement grout seal Linear Feet 90 $ 100 $ 9,000 130 $ 1751 $ 22,750
7 Drill nominal 8-inch dlgmeter.b-orehole to total depth Linear Feet 150 $ 90|s 13.500 150 $ 120 | s 18,000
(dependent on geologic conditions encountered)
8 Zone testing (assess SWL, production, water quality) Each 0 $ 500 | $ - 3 $ 800 | $ 2,400
9 Conduct well development Hours $ 650 | $ 650 8 $ 750 | $ 6,000
10 Perform video inspection of open borehole Lump Sum 0 $ 1,000 | $ - 1 $ 2,000 | $ 2,000
11 Conduct plumbness and alignment testing (simple Lump Sum 0 $ 500 | $ i 1 $ 1200 | 3 1200
plummet)
Install 6" liner assembly; assume 80 feet of stainless steel
12 wire-wrap screen (0.150-slot) and 10 feet of blank casing.|Linear Feet 0 $ 2101 $ - 150 $ 2201 $ 33,000
(Optional)
13 Perform video inspection of well casing and liner Lump Sum 0 $ 1,000 | $ - 1 $ 2,000 | $ 2,000
14 Production Test - Step-Rate Test Hours 0 $ 1751 $ - 4 $ 250 | $ 1,000
15 Production/Safe Yield - Constant Rate Test Hours 0 $ 1751 % - 24 $ 2501 $ 6,000
16 Perform well disinfection Lump Sum 1 $ 900 | $ 900 1 $ 3,000 | $ 3,000
17 Wellhead completion Lump Sum 1 $ 400 | $ 400 1 $ 1,200 | $ 1,200
Pumps, Metering & Controls
18 F.urnlsh anq install power, permanent pump, controls, Lump Sum 1 $ 8,000 | 8,000 1 $ 48,000 | $ 48,000
discharge line, and valves and appurtenances.
19 Sounding Tubes & Water Level Transducer Lump Sum 1 $ 1,600 | $ 1,600 1 $ 2,800 2,800
20 Flow Metering Lump Sum 1 $ 1,200 | $ 1,200 1 $ 2,800 2,800
ENGINEERING DESIGN, OVERSIGHT, WATER QUALITY TESTING AND REPORTING
21 Well Siting Study Lump Sum 0 $ 3,000 |$ - 1 $ 4,200 | $ 4,200
22 Well Design and Technical Specificaitons Lump Sum 0 $ 5,000 | $ - 1 $ 6,000 | $ 6,000
23 PrOJect.Manag.ement and Drilling Oversight by Licensed Lump Sum 0 $ 10,000 | $ i y $ 20,000 | $ 20,000
Geologist/Engineer
24 Water Quality Testing Lump Sum 1 $ 200 $ 200 1 $ 1,800 | $ 1,800
o5 Summary Report - Well Drilling, Construction and Testing Lump Sum 0 $ 4,000 | $ i 1 $ 7800 | $ 7,800
Summary
Total Drilling/Construction $ 59,400 $ 209,900
Total Outside & Soft Costs $ 200 $ 39,800
Total Projected Costs $ 59,600 $ 249,700
Notes:

"FA10 Pilot Community Well":

Assume 10" casing set and sealed to approximately 90 to 130 feet
Open/Intake interval could be 130 to 280 feet depending on actual yield needed. Target WBZ first interflow below alluvial/basalt interface, generally 240-280.

Wide range of support costs (consulting, Specs, testing, etc.)

Another deeper WBZ around 325-345 if needed.




Attachment A

Cost Information for Groundwater Supply Wells
Morrow-Umatilla Counties Drinking Water Roadmap: Non-Municipal System Connection Concepts Evaluation

Cost Estimate: Conceptual Community Supply Well - DWI Project
Higher Capacity Well (FA 10 Pilot Area)- Targeting 80-120 gpm Sustainable Yield

Lower Estimate

Approx. Unit Price Extended
Item No. Items of Work and Materials Units Quantity (Low-End) Price
(Low-End) (Low-End)
MOBILIZATION / DEMOBILIZATION
Mobilization and Demobilization including all
1 equipment and incidental items for installing a new Lump Sum 1 $ 1,200 | $ 1,200
production well, and site cleanup
2 Erosion Control Lump Sum 0 $ 1,000 | $ -
3 Turbidity Reduction and Water Management Lump Sum 0 $ 600 | $ -
WELL DRILLING, CONSTRUCTION, AND TESTING PROGRAM
4 Dr|II. 12-inch borehole into the top of the target basalt Linear Feet 140 $ 100 | $ 14,000
aquifer
5 Fur.nlsh and install 8-inch dlameter 0.250 wall Linear Feet 140 $ 120 | $ 16,800
stainless steel blank well casing
6 Furnish and install cement grout seal Linear Feet 140 $ 100 | $ 14,000
- Drill nominal 8-inch d|z.:1meterlblorehole to total depth Linear Feet 135 $ 90| s 12.150
(dependent on geologic conditions encountered)
8 Zone testing (assess SWL, production, water quality) |Each 0 $ 5001 $ -
9 Conduct well development Hours 1 $ 650 | $ 650
10 Perform video inspection of open borehole Lump Sum 0 $ 1,000 | $ -
11 Conduct plumbness and alignment testing (simple Lump Sum 0 $ 500 | i
plummet)
Install 6" liner assembly; assume 80 feet of stainless
12 steel wire-wrap screen (0.150-slot) and 10 feet of Linear Feet 0 $ 210 | $ -
blank casing. (Optional)
13 Perform video inspection of well casing and liner Lump Sum 0 $ 1,000 | $ -
14 Production Test - Step-Rate Test Hours 0 $ 175 $ -
15 Production/Safe Yield - Constant Rate Test Hours 0 $ 1751 % -
16 Perform well disinfection Lump Sum 1 $ 8001 $ 800
17 Wellhead completion Lump Sum 1 $ 400 | $ 400
Pumps, Metering & Controls
18 Fyrmsh anq install power, permanent pump, controls, Lump Sum 1 $ 8.000 | $ 8,000
discharge line, and valves and appurtenances.
19 Sounding Tubes & Water Level Transducer Lump Sum 1 $ 1,600 | $ 1,600
20 Flow Metering Lump Sum 1 $ 1,200 | $ 1,200
ENGINEERING DESIGN, OVERSIGHT, WATER QUALITY TESTING AND REPORTING
21 Well Siting Study Lump Sum 0 $ 3,000 $ -
22 Well Design and Technical Specificaitons Lump Sum 0 $ 5,000 | $ -
23 P.rOJect Management anq Drilling Oversight by Lump Sum 0 $ 10,000 | $ )
Licensed Geologist/Engineer
24 Water Quality Testing Lump Sum 1 $ 200 $ 200
o5 Sum.mary Report - Well Drilling, Construction and Lump Sum 0 $ 4000 | s i
Testing Summary
Total Drilling/Construction $ 70,800
Total Outside & Soft Costs $ 200
Total Projected Costs $ 71,000
Notes:

"FA10 Pilot Community Well":
Assume 10" casing set and sealed to approximately 90 to 130 feet

Open/Intake interval could be 130 to 280 feet depending on
actualyield needed. Target WBZ first interflow below
alluvial/basalt interface, generally 240-280. Another deeper
WBZ around 325-345 if needed.

Wide range of support costs (consulting, Specs, testing, etc.)
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Cost Information for Groundwater Supply Wells
Morrow-Umatilla Counties Drinking Water Roadmap: Non-Municipal System Connection Concepts Evaluation

Planning-level Rough-Order-of-Magnitude Costs for Well Improvements

System Component Cost (Typical) Remarks
Remove pump, limited .- tm e , _
redevelopment (airlift debris, clean ~$16,000 Assu.mes typical” well conditions: 130' deep, basalt, WBZ 80
L 130; 40 gpm unknown drawdown.

hole, disinfect)

Camera Survey ~$1,500 Well video to establish "baseline" well condition following pump
removal/redevelopment.

Pumping Test ~$5.,000 Assumes basic 4-hr test per OWRD Pump Test requirements.
Includes consultant oversight

New Submersible Pump ~$5,500 Includes new pump column, labor, top-end fittings tied into
wellhead manifold

Pressure Transducer Datalogger, 5 : -

Cable, Comm Device $2,500 Cost includes some telemetry capability

5 McCrometer type (turbine; instantaneous & totalizer; no
Flow Meter (wellhead) $2,000 digital/data storage)
Wellhead Modifications (minor) ~$4,000 Reconfigure sanitary seal (cap) to fit transducer, misc. fittings
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Attachment B
Cost Information for Treatment Options

lon Exchange -
2-5 gpm Containerized

Biological Reduction -

5gpm Containerized System

AACE Class V Estimate Reverse Osmosis -
(expected Accuracy Range of-50% to +100%) 5 gpm Containerized System
CAPITAL COST'
DIRECT COST
Containerized Treatment System Equipment’ $ 157,000.00 | $
Additional Pretreatment (Softening) & $ 10,000.00 | $
Additional Post-Treatment” $ 10,000.00 | $
Total Treatment Equipment Cost $ 177,000.00 $
Site Work™"” 20% $ 35,000.00 | $
Yard Piping & Valves® 10% $ 18,000.00 | §
Electrical Supply Improvements16 $ 8,000.00 | $
Chemical Pumps and Feed® $ 5,000.00 | $
Raw and Finished Water Storage Tanks $ 60,000.00 | $
Residuals Storage (Hypalon Lined Evaporation Ponds)’ $ 143,000.00 | $
Finished Water Pump $ 60,000.00 | $
Installation $ 10,000.00 | $
TOTAL DIRECT COST $ 516,000.00 | $
Undefined Scope Requirements® 30% $ 155,000.00 | $
TOTAL DIRECT COST WITH CONTINGENCY $ 671,000.00 | $
INDIRECT COST
General Conditions, Overhead, Profit & Risk'® 25% $ 168,000.00 | $
Bonds and Insurance'® 3% $ 20,000.00 | $
Shipping'® - $ 10,000.00 | $
Sales Tax" 0% $ - |8
TOTAL INDIRECT COST $ 230,000.00 | $
TOTAL CONSTRUCTION COST $ 901,000.00 | §
Construction Contingency” 30% $ 270,000.00 | §
Engineering (Planning, Permitting, Preliminary and Detailed Design)"" 25% $ 225,000.00 | $
TOTAL CAPITAL COST $ 1,396,000.00 | $
ANNUAL OPERATION AND MAINTENANCE COST
Salt Delivery12 -
Equipment Changeout™ $4,400.00
Chemicals'® $8,000.00
Water Quality Monitoring $2,000.00
General”® 5.0% $39,000.00
Labor"™ $42,000.00
Residuals Disposal and Monitoring18 $4,000.00
Power” $2,000.00
TOTAL ESTIMATED ANNUAL O&M $100,000.00
Table Notes

System

350,000.00 | § 300,000.00
10,000.00 | § 10,000.00
10,000.00 | $ 200,000.00

370,000.00 $ 510,000.00
74,000.00 | § 102,000.00
37,000.00 | $ 51,000.00

8,000.00 | § 8,000.00
5,000.00 | § 10,000.00
60,000.00 | § 60,000.00
29,000.00 | $ 29,000.00
60,000.00 | § 60,000.00
10,000.00 | § 10,000.00

653,000.00 | $ 840,000.00

196,000.00 | § 252,000.00

849,000.00 | § 1,092,000.00

212,000.00 | § 273,000.00
25,000.00 | $ 33,000.00
10,000.00 | § 10,000.00

K .

300,000.00 | § 380,000.00

1,149,000.00 | § 1,472,000.00

345,000.00 | § 442,000.00

287,000.00 | $ 368,000.00

1,781,000.00 | § 2,282,000.00
$6,000 -
$15,000.00 $10,000.00
$6,100.00 $9,700.00
$2,000.00 $2,000.00
$51,000.00 $65,000.00
$42,000.00 $62,000.00
$4,000.00 $4,000.00
$600.00 $550.00
$130,000.00 $150,000.00

"Cost opinions shown in Feb 2026 dollars. Estimate is AACE Class 5. Due to many factors outside Carollo's control, there is no guarantee that actual project costs will not vary substantially from the cost estimates provided.

Equipment cost from vendors includes packaged containerized treatment system equipment, NSF-61 rated, and startup costs. Equipment sized to serve 10 connections domestic water for a OHA Oregon Very Small System and

remove 20 mg/L NO3-N.

*Cost factors applied to total treatment equipment cost.

“Well reconditioning/redevopment to include pump removal, limited redevelopment via airlifting, and disinfection.
5Lagoon construction associated costs include cut fill, associated water quality monitoring equipment, and land purchase.
€ Contingency for hard water softening pretreatment.

7 Additional post-treatment required for biological system only

®Includes costs for chemical feed equipment (duty + standby pumps) not included in equipment cost.

9Applied to direct costs.

"Applied to direct costs with contingency.

“Applied to total construction cost.

"2 Salt delivery for IX system only, assumes 1 pallet and delivery fee, annually.

13Equipment changeout costs includes annual media changeout for IX and FBR treatment (not including disposal of spent media), and RO membrane changeout every 10 years.

oversight annually.
Biological Reduction: Assumes two operations staff with 30 hours/week oversight annually.

15Applied to direct costs with contingency. Contingency for risks and emergencies, preventative maintenance inspections.
"Costa complete residential panel upgrade and a new circuit ran for treatment system.

" includes grading, concrete, crane rental, and land purchase.

"8 Includes annual solids waste characterization testing, and solids dredging and disposal of $10k every 10 years.

' Chemicals Include the following; Reverse Osmosis: Hypochlorite, Caustic, Scale Inhibitor,
Acid.

lon Exchange: Hypochlorite, Caustic.

Biological Reduction: Hypochlorite, Caustic, Phosphoric Acid, Acetic Acid, Peroxide.

? Estimated annual energy usage of 20,000 kWh (Reverse Osmosis) and 5,000 kWh (lon Exchange, Biological Reduction), and unit power cost of $11.02/kWh.

%' Camera survey and minimum 4-hour duration pumping test to establish baseline well condition and performance metrics.
2 Includes cost to furnish/install new submersible well pump, pressure transducer datalogger, and wellhead-based totalizing flow meter.
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Attachment C. Non-Connection Concepts for Case Study Areas

Summary of Water Wells Utilized for Case Study Areas
Case Study: Focus Area 3

o Re-use Existing Well

e Upto 10 connections

o Well Pick: MORR 50402 (very typical construction in this immediate area)

Good location relative to possible treatment skid area

Basalt well

6” casing to 21 ft. Sealed to 29 ft.

4.5-inch diameter PVC liner in lower open hole which should support longevity

(there’s breccia there)

TD 123 ft

o Q=35 gpm (but needs better flow test) suitable for this many connections (with a
storage tank)

o WBZ: 78-123

o Nitrate concentration unknown, but anticipate ~15 to 20 mg/L based on samples
from other proximate wells.

O O O O

O

Case Study: Focus Area 4

e Re-use Existing Well

e Upto 5 connections

o Well Pick: MORR 50333 (very typical construction in this immediate area)

o Good location relative to possible treatment skid area just north of the well in the
open field/pasture.
o Alluvial well (like the others in this area)

6” casing to 101 ft. Sealed to 20 ft.

o This has no screen section - just open from bottom of casing (101 ft) to bottom of
hole at 103 feet. Re-use may benefit from installation of a short section of
perforated liner or similar, but maybe not totally necessary given the material is
sandy gravel down there. Would be good to track sand content as part of 0&M
program for this one.

o TD 103 ft

o Q=50 gpm (but needs better flow test) - more than suitable for this many
connections (with a storage tank)

o WBZ: 79-103

o Nitrate concentration is expected to be quite elevated (59 mg/L for OHA sample at
this residence) and should reflect more robust treatment system.

o

Case Study: Focus Area 10

e Two Scenarios: (1) Re-Use Existing Well and (2) Drill New Well

e Upto 5 connections

e There appears to be two basalt wells at this property (verified with logs) so may be a
particularly good candidate for this scenario. Note that UMAT 55702 is an alteration log for
one of them (perforated the casing).



Attachment C. Non-Connection Concepts for Case Study Areas

First Well pick is UMAT 57200 (based on address and tax lot on well log, this is the third
well/icon shown on the #1 lot within this case study area - TL1100) - just need to label it on
our plan view schematic.

O

o O O O O O

Good location relative to roadway and possible treatment skid in vacant/pasture
portion of field

Basalt well

8” casing to 138 ft. Sealed from 0 -18 ft and 115-138 feet (more robust seal).

No liner in lower open hole

TD 264 ft

Q = 100 gpm (but needs better flow test; plenty with a storage tank)

WBZ: 245-264 and this is attractive because it's a deeper interflow within the basalt
system and should harbor lower nitrate concentrations (assumed).

Second Well pick is UMAT 55250 (typical construction in this immediate area)

o}

O O O O O

Good location relative to roadway and possible treatment skid in vacant/pasture
portion of field

Basalt well

8” casing to 138 ft. Sealed to 18 ft.

No liner in lower open hole

TD 138 ft

Q =20 gpm (but needs better flow test) suitable for this many connections (with a
storage tank)

WBZ: 98-122 which appears to be an interflow between basalt flows. (Note that
nearby UMAT 55251 may be co-mingling alluvial & basalt, so this wasn’t selected in
the event OWRD has concern based on somewhat similar here)

Nitrate concentration appears variable; one result of 17 mg/L in Oct 2023, then it
was ND in Feb 2024

New Well Scenario - would pattern off UMAT 57200 (see above) because it taps a deeper
interflow which is generally less impacted, and there’s lower risk that OWRD would argue not
deep enough/possible co-mingling like nearby UMAT 55251 or even 55250 which appear to
TD right in the alluvial/basalt systems.
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Treatment Footprint

e Treatment Footprint: dimensions of the containerized lon Exchange system is approximately 8 feet
by 20 feet, with dimensions of 14 feet by 28 feet for the concrete pad.
e Dimensions for the residuals storage (with conceptual design assumptions):

Estimated lon Exchange Lined Evaporation Pond Footprint
Total Household Treatment
Focus Area (Including Irrigation Water) Domestic Treatment Only
- Length (ft) Width (ft) Length (ft) Width (ft)
FA-3 169.5 42.4 80.3 20.1
FA-4 1141 28.5 56.8 14.2
FA-10 106.0 26.5 55.7 13.9

Assumptions: 1) A storage duration of six (6) months was assumed for sizing and
planning-level evaluation purposes. This assumption is intended to
provide a reasonable basis for preliminary volume estimates under
conceptual design conditions. The required storage duration must be
refined and confirmed during detailed design based on site-specific
criteria, including residuals production rates, solids characteristics,
climatic conditions, operational strategy, and hauling/disposal frequency.

2) Footprint assumes a 1.5ft water depth, and a 4:1 Length to Width ratio
to prevent short circuiting.

3) Residuals volumes calculated based on a 95% efficiency of lon Exchange
(i.e., 5% of flow is wasted as backwash).
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Case Study FA-3 Conceptual Layout
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Case Study FA-4 Conceptual Layout
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Case Study FA-10 Conceptual Layout
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Attachment C
Cost Information for Case Study - Full System

lon Exchange -
2-5 gpm Containerized
System

Biological Reduction -

5gpm Containerized System

AACE Class V Estimate Reverse Osmosis -
(expected Accuracy Range of-50% to +100%) 5 gpm Containerized System
CAPITAL COST'
DIRECT COST
Containerized Treatment System Equipmentz - $ 157,000.00
Additional Pretreatment (Softening) 6 - $ 10,000.00
Additional Post-Treatment” - $ 10,000.00
Total Treatment Equipment Cost $ 177,000.00
Water Well - Existing Well Reconditioning/Redevelopment and Wellhead Modifications* - $ 20,000.00
Water Well - Camera Survey & Pumping Test 2’ $ 7,000.00
Water Well - Submersible Pump & Instrumentation % $ 10,000.00
Site Work®"” 20% $ 35,000.00
Yard Piping & Valves® 10% $ 18,000.00
Distribution Piping & Valves (assumes 10 residences with 200 ft. frontage; 40% contingency) $125 $ 350,000.00
Electrical Supply Imprnvements'6 - $ 8,000.00
Chemical Pumps and Feed® - $ 5,000.00
Raw and Finished Water Storage Tanks - $ 60,000.00
Residuals Storage (Hypalon Lined Evaporation Ponds)5 $ 143,000.00
Finished Water Pump - $ 60,000.00
Installation - $ 10,000.00
TOTAL DIRECT COST $ 903,000.00
Undefined Scope Requirements9 30% $ 271,000.00
TOTAL DIRECT COST WITH CONTINGENCY $ 1,174,000.00
INDIRECT COST
General Conditions, Overhead, Proft & Risk"® 25% $ 294,000.00
Bonds and Insurance™ 3% $ 35,000.00
Shipping"” - $ 10,000.00
Sales Tax™ 0% $ -
TOTAL INDIRECT COST $ 339,000.00
TOTAL CONSTRUCTION COST $ 1,513,000.00
Construction Contingency” 30% $ 454,000.00
Engineering (Planning, Permitting, Preliminary and Detailed Design)H 25% $ 378,000.00
TOTAL CAPITAL COST $ 2,350,000.00
ANNUAL OPERATION AND MAINTENANCE COST
Salt Delivery12 -
Equipment Changeout™ - $4,400.00
Chemicals™ - $8,000.00
Water Quality Monitoring $2,000.00
General™® 5.0% $39,000.00
Labor' - $42,000.00
Residuals Disposal and Monitoring™ - $4,000.00
Power”® - $2,000.00

TOTAL ESTIMATED ANNUAL O&M $100,000.00

P PP PP PP P AP P PP P PP P P

P P P PP P P P

©

350,000.00
10,000.00
10,000.00

370,000.00
20,000.00

7,000.00
10,000.00
74,000.00
37,000.00

350,000.00

8,000.00

5,000.00
60,000.00
29,000.00
60,000.00
10,000.00

1,040,000.00

235,000.00

1,275,000.00

319,000.00
38,000.00
10,000.00

367,000.00
1,642,000.00
493,000.00
411,000.00

2,550,000.00

$6,000
$15,000.00
$6,100.00
$2,000.00
$51,000.00
$42,000.00
$4,000.00
$600.00
$130,000.00

PP PP PO PP P PP PP PP PP P P

P P P PP P P P

300,000.00
10,000.00
200,000.00
510,000.00
20,000.00
7,000.00
10,000.00
102,000.00
51,000.00
350,000.00
8,000.00
10,000.00
60,000.00
29,000.00
60,000.00
10,000.00
1,227,000.00
301,000.00
1,528,000.00

382,000.00
46,000.00
10,000.00

438,000.00

1,966,000.00

590,000.00

492,000.00

3,050,000.00

$10,000.00
$9,700.00
$2,000.00
$65,000.00
$62,000.00
$4,000.00
$550.00
$150,000.00

Table Notes

"Cost opinions shown in Feb 2026 dollars. Estimate is AACE Class 5. Due to many factors outside Carollo's control, there is no guarantee that actual project costs will not vary substantially from the cost estimates provided.
2Equipment cost from vendors includes packaged containerized treatment system equipment, NSF-61 rated, and startup costs. Equipment sized to serve 10 connections domestic water for a OHA Oregon Very Small System and remove

20 mg/L NO3-N.

®Cost factors applied to total treatment equipment cost.

“Well reconditioning/redevopment to include pump removal, limited redevelopment via airlifting, and disinfection.
5Lagqqn construction associated costs include cut fill, associated water quality monitoring equipment, and land purchase.
8 Contingency for hard water softening pretreatment.

7 Additional post-treatment required for biological system only

®includes costs for chemical feed equipment (duty + standby pumps) not included in equipment cost.

BApplied to direct costs.

“)Applied to direct costs with contingency.

“Applied to total construction cost.

2 Salt delivery for IX system only, assumes 1 pallet and delivery fee, annually.

PEquipment changeout costs includes annual media changeout for IX and FBR treatment (not including disposal of spent media), and RO membrane changeout every 10 years.

annually.
Biological Reduction: Assumes two operations staff with 30 hours/week oversight annually.

"*Applied to direct costs with contingency. Contingency for risks and emergencies, preventative maintenance inspections.
®Costa complete residential panel upgrade and a new circuit ran for treatment system.

" Includes grading, concrete, crane rental, and land purchase.

*® Includes annual solids waste characterization testing, and solids dredging and disposal of $10k every 10 years.

*° Chemicals Include the following; Reverse Osmosis: Hypochlorite, Caustic, Scale Inhibitor, Acid.
lon Exchange: Hypochlorite, Caustic.
Biological Reduction: Hypochlorite, Caustic, Phosphoric Acid, Acetic Acid, Peroxide.

 Estimated annual energy usage of 20,000 kWh (Reverse Osmosis) and 5,000 kWh (lon Exchange, Biological Reduction), and unit power cost of $11.02/kWh.

' Camera survey and minimum 4-hour duration pumping test to establish baseline well condition and performance metrics.
2 Includes cost to furnish/install new submersible well pump, pressure transducer datalogger, and wellhead-based totalizing flow meter.
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