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In January 2022, the City of Spokane (City) began work on a Preliminary Engineering Study for Fluoridation 
to better understand the costs and implementation steps associated with providing fluoridated water to 
the community. The City’s Mayor and Council agreed to a public and transparent process to decide next 
steps upon completion of the three-phase Preliminary Engineering Study for Fluoridation. 

THE PRELIMINARY ENGINEERING 
STUDY FOR FLUORIDATION WAS 
COMPLETED IN THREE PHASES:

PHASE 1

PHASE 2

PHASE 3

Collect data and develop 
alternatives

Evaluate alternatives and 
select preferred alternative

Prepare conceptual design 
of  selected alternative

Background
The City places great importance on supplying high-quality drinking water to its customers in an efficient 
manner that maintains affordability for the community. The City’s water system includes seven existing 
well station facilities and an eighth facility that is currently being built. These well stations draw from 
the Spokane Valley Rathdrum Prairie Aquifer to provide clean, safe drinking water to more than 230,000 
community members. This aquifer has small amounts of naturally occurring fluoride (less than 0.1 
milligrams of fluoride per liter of water). 

To help inform future decisions, the Preliminary Engineering Study for Fluoridation provides information 
about the costs and implementation steps to build and operate a fluoridation system that would meet 
current standards for fluoridated drinking water. 

Executive Summary
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The Phase 2 work is reported in the Preliminary Engineering Study for Fluoridation: Fluoridation System 
Alternatives (Murraysmith, December 2022) which documents the evaluation of three chemical 
fluoridation alternatives using a multi-objective decision analysis (MODA) process with input from 
operations, engineering, and finance staff.  

WHY  LIQUID FEED ALTERNATIVE?

Industry-standard option

Requires comparably smaller facilities

Maintenance and reliability

Supply chain considerations

The three alternatives were: 

• Sodium fluoride (dry chemical)

• Sodium fluorosilicate (dry chemical)

• Fluorosilicic acid (FSA) (liquid chemical form) 

Because the two dry chemicals have similar facility 
and operation and maintenance requirements, the 
integrated analysis focused on comparing dry and 
liquid fluoride chemicals to arrive at a preferred 
alternative. This analysis considered both the 
financial components (capital and annual operating 
costs) and non-financial components of each 
alternative.

Non-financial components included: 

• Environmental and sustainability impact

• Neighborhood impacts

• Worker safety

• Public safety

• Service reliability

• Ease of maintenance and operations

After consideration of these factors, FSA (liquid 
chemical) was identified as the preferred 
alternative. 

PHASE 1
Spokane’s Existing Water System and Condition 
Assessment

The Phase 1 work is reported in the Preliminary Engineering Study for Fluoridation: Well Facility Condition 
Assessment (Murraysmith, September 2022) which documents existing infrastructure at each well station 
to determine what retrofits would be necessary should fluoridation be implemented. 

Installing a fluoridation system would require some construction at each well station. Depending on the 
specific well and site characteristics, this may include expanding building footprints, improving driveways 
and access, updating electrical panels, and improving other aspects of the well station sites. 

Fluoridation Alternatives Evaluation and Preferred 
Alternative

PHASE 2



 ES–3
N223386WA  •  May 2023  •  Fluoridation Implementation Study  •  City of Spokane

The Phase 3 work is reported in this Preliminary Engineering Study for Fluoridation: Fluoridation 
Implementation Study (Study) to help inform future decisions by Spokane’s elected leaders. Drawing on 
the findings from Phase 1 and Phase 2, this Study provides a preferred fluoridation alternative, preliminary 
designs to retrofit the City’s well stations for fluoridation, and other information used to develop 
preliminary capital and lifecycle costs and a proposed implementation approach. 

Included in this Study: 

1

Appendices A-J 

2

3

4

5

Section 1: Introduction
provides background information about the goal of the Study, which provides sufficient 
preliminary engineering to evaluate the capital and lifecycle cost implications of fluoridation. 

Section 2: Existing Facilities
describes the City’s seven well station facilities as well as the eighth well facility currently under 
construction and provides a summary of pumps, capacity, and pressure zones. This information 
was used to inform sizing and preliminary design. 

Section 3: Fluoridation Implementation Preliminary Design 
provides information about the selected fluoridation alternative and the preliminary process, 
site and building, and instrumentation and controls design. This information was used to inform 
development of preliminary capital cost estimates. 

Section 4: Operation and Maintenance Plan
outlines anticipated operations and maintenance activities required for fluoridation, including 
monitoring, staffing, safety, and certification requirements. This information was used to inform 
development of preliminary operations and maintenance costs.

Section 5: Project Implementation
describes the project assumptions used to prepare preliminary capital and lifecycle cost estimates 
for fluoridation. This includes a Class 3 Opinion of Probable Construction Costs and a 50-year Life 
Cycle Cost Analysis for each well station.

are referenced throughout the Study and include background reports, State Environmental Policy 
Act (SEPA) permitting materials, draft preliminary drawings, Washington State Department of 
Health (DOH) Fluoridation Forms and Worksheets, and detailed cost workups and background 
cost reference information.

A

Implementation & CostPHASE 3
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Preliminary Design
Each fluoridation system includes a bulk tank, a transfer pump, a day tank, individual dosing pumps for 
each well, an injection quill and static mixer, and sampling equipment. The FSA is delivered in bulk by a 
tractor trailer which connects to and fills the bulk tank via a dedicated fill port. The bulk tanks are sized 
to provide at least 60 days of storage volume based on maximum demand day (MDD) usage predicted 
for the 2043 system demands. A magnetic-drive transfer pump is used to fill the day tank from the bulk 
tank and is manually operated as a safeguard against accidental over-dosing of the system or overflow of 
the day tank. The day tanks are sized to provide at least 30 hours of storage volume based on the 2043 
MDD. Injection pumps for each well inject the FSA at precisely the required dosage into each well pump 
discharge through an injection quill. The pumps are mounted on a skid for easy installation and the skid 
includes a spare pump for backup. Plate-style static mixers help mix the FSA with the well water to ensure 
the concentration of fluoride is consistent. Sampling equipment is installed downstream of the injection 
point to provide continuous, online monitoring of actual fluoride concentration and alerts operators if 
the concentration diverges from the target concentration. Additional instrumentation and controls allow 
remote monitoring of the system and prevent accidental overfeed of the fluoride.

Implementation 
In the event Spokane’s elected officials decide to move forward with fluoridation of the City’s water 
system, several steps would be needed for permitting, final design, and construction. These steps are 
detailed in Section 5 of this Study and highlighted below. 

• With the recent passage of House Bill 1251, public notification requirements would need to be 
followed in advance of a decision to comment fluoridation. 

• Since the City’s current Comprehensive Water System Plan does not include the capital 
improvements needed to proceed with fluoridation, the City would need to coordinate with DOH to 
amend the plan. 

• A project-level SEPA would need to be completed during design to meet DOH requirements for 
approval of project engineering reports. The project-level SEPA would have its own determination 
based on design details and public comment process.

Operations and Maintenance 
Per DOH requirements, adding fluoridation to the 
City’s water system would reclassify the City’s well 
stations as water treatment facilities, which would 
require the City to hire an operator with a Water 
Treatment Plant Classification 2. It is estimated 
that an additional 2.7 full-time equivalent positions 
would be needed to support the proposed 
fluoridation system, including both operations 
and some maintenance and admin support. 
Section 4 of this Study provides additional detail 
on recommended operations and maintenance 
tasks/schedules, including distribution system 
monitoring, and reporting requirements.

OPERATOR TOUR OF PEER UTILITY
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2024 2025 2026 2027 2028
Final Design (all facilities)
Phased Construction

Well Electric
Central
Parkwater
Grace/Nevada
Ray
Havana
Hoffman
Fluoridation equipment (all facilities)

Figure ES-1 Proposed Potential Implementation Schedule

Phased Schedule
At this time, Spokane’s elected officials have not yet made a decision to proceed with fluoridation 
implementation. The proposed potential implementation schedule in Figure ES-1 uses an example start 
date of 2024 to show how work could be phased. Construction of the site and building improvements at 
each of the well station facilities is proposed over a five-year period, with installation of the fluoridation 
chemical storage and injection system occurring at all well station facilities in the final construction year. 
This would allow for startup of the fluoridation system at all facilities on same timeline meeting the DOH 
requirements for consistent fluoridation of all sources. 

The City is currently assessing onsite sodium hypochlorite generation systems for its water system 
disinfection. If timing and funding align, the City may combine construction of the proposed fluoridation 
facilities with the onsite generation facilities to reduce potential costs and interruption of operations. 

Cost Summary
An implementation cost summary showing initial capital costs and an anticipated range for the first year of 
operating and maintenance costs is presented in Table ES-1. Further detail about how capital costs could 
be spread across the proposed five-year implementation period is included in Section 5.

2023  
Capital Cost

Year 1  
Cost to 

Operate:  
High Range1  

(2028 Dollars)2,4

Year 1  
Cost to 

Operate:  
Low Range3  

(2028 Dollars)2,4

Year 1  
Cost to 

Maintain:  
High Range1   

(2028 Dollars)4

Year 1  
Cost to 

Maintain:  
Low Range3  

(2028 Dollars)4

Well Electric $1,548,000 $450,200 $346,300 $46,100 $35,500 
Parkwater $1,759,000 $488,800 $376,000 $49,100 $37,800 
Ray $1,501,000 $205,200 $157,800 $45,300 $34,800 
Central $1,545,000 $193,100 $148,500 $46,100 $35,500 
Grace/Nevada $1,519,000 $302,700 $232,800 $45,700 $35,200 
Hoffman $1,434,000 $151,500 $116,500 $44,500 $34,200 
Havana $1,694,000 $259,300 $199,500 $48,100 $37,000 
All Facilities $ 10,999,000 $2,050,800 $1,577,400 $324,900 $250,000 

1 High range costs include a 30 percent contingency. 
2 Includes power, chemical costs, and tax.
3 Low range costs exclude the 30 percent contingency.
4 Includes year one ramp-up on labor costs.

Table ES-1 Cost Summary
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SECTION 1   

Introduction 
1.1 Project Authorization 
The City of Spokane (City) authorized Consor North America, Inc., formerly Murraysmith Inc., (Consor), in 
January 2022 to provide professional engineering services to complete a Preliminary Engineering Study for 
Fluoridation (Study) to evaluate the cost implications in the event the City decides to provide fluoridated 
drinking water to its customers. This Study will outline a proposed approach that includes, at a minimum, 
as the basis of the assessment, preliminary design, and steps to implement fluoridation in order to more 
accurately evaluate the costs associated with providing fluoridated water to the customer.  

The primary purpose of this Study was to better understand costs to add fluoride to the water system as 
stated above, the information and calculations contained in this study also meet the Washington State 
Department of Health (DOH) requirements for a Project Engineering Report (Project Report) outlined in 
WAC-246-290-110, and preliminary design study for the Spokane Fluoridation under WAC 246-290-250. 
The DOH General Report Checklist is included in Appendix A.  

1.2 Project Description and Purpose 
The City entered an agreement with Arcora Foundation in September 2020, by which Arcora would provide 
funding for the fluoridation of the City’s water system. In August 2021, the Agreement was amended to 
allow the City to conduct a preliminary engineering study to implement fluoridation of the City’s water 
system, using a portion of the provided funds. In support of conducting a preliminary engineering study, 
the City’s Mayor and Council have agreed to have a public and transparent process to decide next steps 
once this study has been completed.  

The City places great importance on supplying safe, high-quality drinking water to its customers in a manner 
that is efficient and maintains affordability for the community. This Study was conducted with the objective 
of providing information for future decisions regarding the associated costs of adding fluoride to the 
drinking water system.  

This Study builds upon previous fluoridation feasibility studies, which were conducted in 2004 and updated 
in 2016.  These studies reviewed the permitting and operational/maintenance requirements, as well as 
capital improvements that would be necessary to fluoridate the City’s water system.  

1.3 Background 
The City water system is currently supplied by seven well station facilities with an eighth well facility 
currently under construction. Each well station facility has between two and eight well pumps ranging in 
capacity from 5.4 to 19.4 million gallons per day (MGD). The well stations total capacities vary between 15 
MGD and 90 MGD. The City’s water demand changes significantly throughout the year, from a winter 
average of approximately 35 MGD, to a summer peak of over 147 MGD. This wide range of water demand 
requires careful considerations for operational effectiveness of the proposed fluoride chemical feed 
systems which would need to be added.  
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Retrofitting of the existing well station facilities with the equipment necessary for fluoridation would be 
required if fluoridation of the system were to be implemented. The Preliminary Engineering Study for 
Fluoridation: Well Facility Condition Assessment (Murraysmith, September 2022) was conducted to gain an 
understanding of the existing conditions of each well station and determine any potential retrofits that 
would be required which are defined further in Section 3 of this Study and included in Appendix B.  

Additionally, in Appendix C, the Preliminary Engineering Study for Fluoridation: Fluoridation Systems 
Alternatives (Murraysmith, December 2022) was conducted to provide an objective and transparent 
selection process for determining a preferred fluoridation alternative for the purposes of understanding 
cost implications.  The process of determining a preferred alternative was based on the City’s long-term 
goals of balancing sustainability, social responsibility, and affordability. This analysis evaluated the 
implementation of three fluoridation alternatives through a multi-objective decision analysis considering 
design/facility requirements, O&M considerations, and costs. The proposed implementation of the 
preferred liquid fluoridation injection is defined in Section 3 of this Study.  

1.4 Planning Information 
The City is required by WAC 246-290-100 to have a Comprehensive Water System Plan (WSP) which 
identifies capital improvement projects prior to receiving approval of a project engineering report. The 
City has an approved WSP. However, since fluoridation is not a required treatment process, the WSP does 
not include the capital improvements needed if the City were to proceed with fluoridation of its water.  
Therefore, if the City undertakes fluoridation of its water system, the City will need to coordinate with 
DOH to amend the WSP to include this project or projects.  

Additionally, the Washington State Environmental Policy Act (SEPA) provides for SEPA review to be 
conducted as early in the process as possible. A non-project SEPA was completed for this Study. The Study 
itself, is to determine potential costs if fluoridation of the City water system were to occur does not in itself 
create an environmental impact. A determination of non-significance was issued for the non-project SEPA 
covering the Study.  In the event City officials decide to move forward with fluoridation of the City’s water 
system, a project level SEPA will be completed during the project design process. A project level SEPA, 
which includes public process, is required for approval of the project engineering report. Any comments 
received during the comment period for the non-project SEPA process for this Study was included in the 
Study along with a copy of the non-project SEPA checklist and is in Appendix D (Draft SEPA Checklist and 
Comments). 

The Study assumed that no new sources of water would be developed, and it would not involve interties. 
However, any instillation of fluoride would require some construction at the existing wells. The City 
maintains a sanitary control area (SCA) around each well, has a wellhead protection program, and has 
established Critical Aquifer Recharge Areas (CARA). The proposed project would meet any applicable 
requirements for development within these areas. Fluoridation of the water is not expected to impact 
water demand, system capacity, water source, disinfection requirements, or booster pump station and 
reservoir operation. 
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SECTION 2  

Existing Facilities 
2.1 General 
The City of Spokane (City) owns and operates eight well station facilities, which supply water to the entire 
water distribution system. The Preliminary Engineering Study for Fluoridation: Well Facility Condition 
Assessment (Murraysmith, September 2022), was developed to document the existing infrastructure at 
each of the well station facilities in preparation for determining required retrofits that would be required 
if the implementation of fluoridation were to occur for the purpose of understanding cost implications, and 
is included in Appendix B. 

The Preliminary Engineering Study for Fluoridation: Well Facility Condition Assessment provides the 
following information for each well station: 

 Parcel and Information Access 
 Site Security 
 Pressure Zones Served 
 Pump /Transmission Summaries 
 Existing Structural/Electrical Facilities Summaries 
 Existing Mechanical Plan 

Basic information about each well station is summarized in this section, however, if more detailed 
information is needed on the existing well facilities refer to the Preliminary Engineering Study for 
Fluoridation: Well Facility Condition Assessment.  

2.2 Existing Site Description 
The following provides a brief description of each of the City’s well facilities. Error! Reference source not 
found. on the following page provides summary of pumps, capacity, and pressures zones served by each 
well facility. This information is used as the basis for sizing and designing the fluoridation system defined in 
Section 3 of this Fluoridation Implementation Study. 
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Table 2-1 | Well Station Facilities Summary 

 
2.2.1 Well Electric Well Station 
The Well Electric Well Station was constructed in 1925. Located southwest of the City's hydroelectric 
Upriver Dam, the facility address is 2701 N Waterworks Street, Spokane, WA 99212. This well station houses 
two large-diameter wells, Well No. 4 and Well No. 5, and serves three pressure zones from four operating 
well pumps. Pumps 1, 2, and 3 draw from Well 5 and Pump 4 draws from Well 4 Pumps 1, and 3 serve the 
Intermediate and Low Zones, respectively. Pumps 2 and 4 both serve the North Hill Zone. Pumps 5 and 6 
at this location previously pumped from Well No. 4 but are currently abandoned. The well station building 
is equipped with system control, pump control, chlorine, and maintenance rooms. 

2.2.2 Parkwater Well Station 
Constructed in 1947, the Parkwater Well Station serves two pressure zones from eight pumps and four 
wells.  Pumps 1 and 2 serve the Intermediate Zone, while pumps 3 through 8 serve the Low Zone.  Pumps 
1 and 2 draw from Well No. 1, pumps 3 and 4 draw from Well No. 2, pumps 5 and 6 draw from Well No. 3, 
and pumps 7 and 8 draw from Well No. 4. Located southwest of the Felts Field Airport, the Parkwater facility 
address is 5317 E Rutter Avenue, Spokane, WA, 99212. A chlorine room in the middle of the building 
segments the wells in to two pairs. Motor controls are located between each pair of wells.  

2.2.3 Ray Street Well Station 
Constructed in 1937, the Ray Street Well Station serves the Intermediate Zone via two wells and three 
pumps. Pumps 1 and 2 draw from Well No. 1, and pump 3 draws from Well No. 2. This well station facility 
is located in the City’s East Central residential neighborhood at 607 S Ray Street, Spokane, WA. This well 

Pump No. Well No. Capacity, 
gpm 

Pressure Zone Pump No. Well No. Capacity, 
gpm 

Pressure Zone 

Well Electric Central 
1 5 7,550 Intermediate 1 1 8,000 North Hill 

2 5 8,330 North Hill 2 2 8,000 North Hill 

3 5 13,500 Low Grace 

4 4 8,300 North Hill 1 1 8,000 North Hill 

5,6 4,4 Out of service indefinitely 2 1 8,000 North Hill 

Parkwater Nevada 

1 1 7,500 Intermediate 1 1 5,700 Low 

2 1 7,500 Intermediate 2 1 9,800 Low 

3 2 8,000 Low 3 1 9,800 Low 

4 2 8,000 Low 4 1 5,700 Low 

5 3 8,000 Low Hoffman 

6 3 8,000 Low 1 1 5,500 North Hill 

7 4 8,000 Low 2 2 5,500 North Hill 

8 4 8,000 Low Havana 

Ray 1,2,3 1,2,3 TBD Low 

1 1 7,000 Intermediate 4 4 3,750 Intermediate 

2 2 7,200 Intermediate 5 5 3,750 Intermediate 

3 2 4,350 Intermediate 6 6 3,750 Intermediate 
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station is equipped with a decommissioned restroom and a chlorine room. Space for a future pump exists 
within Well No. 1 pump caisson. 

2.2.4 Central Avenue Well Station 
The original Central Well Station was constructed in 1960 and consisted of two individual vaults for each of 
the wells and one chlorine and controls building.  New well buildings were constructed in 2016 and 2019. 
This well station serves the North Hill pressure Zone via two wells and two pumps. Pumps 1 and 2 draw 
from Well No. 1 and Well No. 2, respectively. A chlorine room, control room, restroom, and signals and 
lighting room exist within the Central Avenue well control building. The Central Well Station is located 
within the City’s North Hill residential neighborhood at 5903 N Normandie Street, Spokane, WA. 

2.2.5 Grace Well Station 
The Grace Well Station was constructed in 1949. Located east of the City’s Water Department building at 
1024 E North Foothills Drive, Spokane, WA. The Grace Well Station serves the North Hill Zone via one well 
and two pumps. A motor control center, a chlorine room, and a temporary storage area exist within the 
Grace well station building. 

2.2.6 Nevada Well Station 
Constructed in 1956, the Nevada Well Station serves the Low Zone with one well and four pumps. Like the 
Grace Well Station, the Nevada Well Station is located east of the City’s Water Department building and 
within the Water Department yards at 914 E North Foothills Drive, Spokane, WA. This well station is 
equipped with a chlorine room, control room, and an adjacent flow meter tunnel.  

2.2.7 Hoffman Well Station 
The Hoffman Well Station is located in the City’s Bemiss residential neighborhood and was constructed in 
1936. This well station is currently undergoing necessary retrofits to install a second pump into the facility’s 
second well. Once the installation of the second pump is complete the Hoffman Well Station will serve the 
North Hill Zone via two pumps and two wells. Pump 1 draws from the west well and pump 2 draws from 
the east well. The address of this well station is 2109 E Hoffman Avenue, Spokane, WA. This well station 
has a chlorine room, two storage rooms, and a controls area. 

2.2.8 Havana Well Station 
The Havana Well Station is currently being constructed and will serve two pressure zones via six wells and 
six pumps. The future Havana Well Station site is located at 4302 E 6th Avenue, Spokane Valley, WA and 
will consist of two well station buildings: “Well Station A” and “Well Station B”. Well Station A will house 
pumps 4 through 6 and serve the Intermediate Zone. Well Station B will house pumps 1 through 3 and 
serve the Low Zone. After construction, this well station building will have a chlorine room, a restroom, and 
a communications room. 
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SECTION 3  

Fluoridation Implementation 
Preliminary Design 
3.1 Fluoridation Alternatives Evaluation 
As defined in Section 1, the City of Spokane (City) is completing a grant-funded Preliminary Engineering 
Study for Fluoridation (Study) to evaluate the cost implications in the event the City decides to provide 
fluoridated drinking water to its customers. evaluating three different chemical fluoridation alternatives for 
the proposed fluoridation of the City of Spokane’s water system. The chemical fluoridation alternatives 
were evaluated using a multi-objective decision analysis (MODA) focused on facilitating an objective and 
transparent selection process regarding the City’s long-term goals of providing affordable, safe, and 
sustainably fluoridated drinking water. The chemical fluoride alternative selection process was 
documented in the Preliminary Engineering Study for Fluoridation: Fluoridation System Alternatives 
(Murraysmith, December 2022) found in Appendix C and the Fluoridation Implementation Multi-Objective 
Decision Analysis (Parametrix, January 2023) found in Appendix E.  

The three fluoridation chemical alternatives that were evaluated were: sodium fluoride, sodium 
fluorosilicate, and fluorosilicic acid (FSA). Sodium fluoride and sodium fluorosilicate both exist as dry 
chemicals, while FSA exists in liquid chemical form. Due to the two dry chemicals possessing similar facility 
and operation and maintenance requirements, and manufacturer limitations of sodium fluorosilicate, the 
focus of the report shifts to comparing differences between dry and liquid fluoride chemicals. 

The following were evaluated for the dry and liquid chemical alternatives: 

 Preliminary equipment sizing 

 Listing of required key equipment 

 General process flow diagrams 

 General site and mechanical plan layouts based on system operations, maintenance, and safety 
considerations 

 Class 5 opinion of probable construction costs (OPCC) 

 Concept-level 50-year life cycle cost analysis (LCCA) 

The results of the alternatives evaluation are briefly summarized in this section; however, the reader should 
refer to the Preliminary Engineering Study for Fluoridation: Fluoridation System Alternatives (Appendix C) 
and the Fluoridation Implementation Multi-Objective Decision Analysis (Appendix E) for more detailed 
information about the alternative selection. 

Table I-1 of the Preliminary Engineering Study for Fluoridation: Well Facility Condition Assessment 
(Murraysmith, September 2022), in Appendix B, includes a Condition Assessment Matrix summarizing key 
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condition assessment elements that were used for the development of the fluoridation system alternatives. 
The assessment determined that the proposed future fluoridation facilities require a dedicated building 
due to the existing well station buildings not possessing enough space to house new fluoridation systems. 
The exception is the Well Electric building, though extensive retrofits would likely be required to facilitate 
the proposed new system, so the addition of a new fluoride feed facility at the Well Electric Well Station 
was proposed. Additionally, for the Central Well Station, rather than constructing a new building from 
scratch, due to space limitations an existing control building must be demolished down to the foundation 
and a new building constructed to accommodate the fluoridation equipment.  

3.1.1 Sodium Fluoride 
Sodium fluoride is sold as a colorless, low-dust, granular solid. In this form, personnel exposure and risk of 
inhalation is minimized. Although delivered in a solid form, the use of a dry feeder to deliver sodium fluoride 
is uncommon. Sodium fluoride readily dissolves to relatively uniform saturation levels at temperature 
ranges common in water treatment facilities with minimal operator input. A saturation tank is often used 
as an intermediate step to deliver sodium fluoride. Sodium fluoride is the most expensive of the fluoridation 
chemical alternatives and is less effective in areas where feed water possesses high hardness. 

3.1.2 Sodium Fluorosilicate 
Sodium fluorosilicate is sold as a white, odorless crystalline salt. Similar to sodium fluoride, sodium 
fluorosilicate comes in a low-dust granular form. Sodium fluorosilicate does not dissolve as readily as 
sodium fluoride, requiring significant mixing to reach saturation. Additionally, the concentration of 
dissolved chemical is significantly more temperature dependent and thus the formation of an unsaturated 
solution via metering with a dry feeder into a solution tank is commonly required. Sodium fluorosilicate, 
being a weak acid, is better suited for use in locations where water hardness is high. The use of sodium 
fluorosilicate has been declining since the 1970s and it is the least used form of fluoride in municipal 
systems, currently. 

3.1.3 Fluorosilicic Acid 
Fluorosilicic Acid (FSA) is distributed as an acidic aqueous solution with a pH of 1.2, typically delivered in 
concentrations of 23-25 percent. FSA is the most widely used fluoridation product and may be directly 
injected in the state in which it is delivered, minimizing the amount of operator involvement. Due to the 
presence of trace amounts of hydrogen fluoride and silicon tetrafluouride in solution, FSA is volatile as 
these gases evaporate from the surface of the liquid. Due to its high-water content, shipping costs of FSA 
are high. At a specific gravity of approximately 1.22 a single gallon of FSA weighs over 20% more than an 
equivalent volume of water. 

3.2 Selected Alternative 
An integrated analysis approach was utilized to evaluate both the financial and non-financial components 
of each chemical alternative. A summary of this integrated analysis evaluation may be seen in Table 5-1 of 
the Preliminary Engineering Study for Fluoridation: Fluoridation System Alternatives report included in 
Appendix C. Capital and annual operational costs for each alternative were calculated. Non-financial 
chemical alternative considerations included:   

 Environmental and Sustainability Impact 
 Neighborhood Impacts 
 Worker Safety 
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 Public Safety 
 Service Reliability 
 Ease of Maintenance and Operations 

A primary reason bulk storage/feed systems for the dry chemical options were eliminated for consideration 
as chemical alternatives was due to limitations of regional supply from vendors for bulk delivery. The liquid 
chemical alternative evaluation determined a lower capital and annual operations cost than the dry 
chemical alternatives.  

Fluorosilicic acid was determined to be the preferred alternative. The carbon footprint of FSA is lower than 
the dry chemical alternatives due to this alternative requiring less frequent chemical delivery trips. 
However, due to the time it takes to fill the large bulk chemical storage tanks, delivery times for this 
alternative are longer than the dry chemical alternative. Additionally, the fluoridation building footprint 
requirements for each well facility are larger to accommodate for the large bulk chemical storage tanks. 
Although more personal protective equipment (PPE) is required when handling FSA due to an exposure 
event being more hazardous than the dry chemical alternatives, less handling is required. Compared to the 
dry chemical alternatives the risk of a chemical spill is lower, but the implications if one does occur are 
higher. Furthermore, less full-time equivalent (FTE) operational and maintenance staffing is required for 
the FSA chemical alternative. 

3.3 Overall Fluoridation Process Design 
3.3.1 Water System Demands 
A 20-year planning horizon will be used for sizing the proposed fluoridation system based on an anticipated 
useful life of the FSA injection equipment. The City of Spokane projected future water system demand 
through 2045 in the Spokane Future Flows – Baseline Water Demand Forecast (HDR, August 2022). The 
technical memorandum reports a 19 percent increase in maximum day demand (MDD) compared to 
current values in 2042 and a 23 percent increase in 2045. Similarly, for the average demand day (ADD), 
increases in demand of 18 percent and 21 percent are predicted for 2042 and 2045, respectively. For the 
2043 planning horizon, it is assumed based on these projections that both ADD and MDD will increase 
approximately 20 percent from current values.  

The actual observed ADD and MDD from the City’s well pump data for 2019, 2020, and 2021 was 
determined and the 2043 ADD and MDD were estimated using the 20 percent increase in demand. The City 
operates several of the well sites seasonally, so at these sites the ADD is adjusted for only the days when 
the site is in use. Thus, it is an average when operating, but should not be extrapolated to an annual 
average. A summary of the design ADD and MDD is shown in Table 3-1, below.  

A few site-specific assumptions were made to account for unique circumstances at some of the well 
stations, as detailed below: 

 Ray Street Well Station: The 2043 MDD resulting from the assumed 20% increase in demand is 
higher than the capacity of the existing well pumps, but there is room to install an additional pump. 
It is assumed that an additional pump will be added when needed to supply the MDD, so the 20% 
increase in demand can be provided. 

 Grace Well Station: The 2043 MDD resulting from the assumed 20% increase in demand is higher 
than the capacity of the well pumps. It is assumed that the existing well pumps will remain in place, 
so the maximum capacity of the well pumps was used instead. 
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 Hoffman Well Station: The 2043 MDD resulting from the assumed 20% increase in demand is higher 
than the capacity of the existing well pump, but the installation of a second well pump at the facility 
is in progress. It is assumed that the installation of the second pump would be complete so that 
the 20% increase in demand can be provided. 

 Havana Well Station: The Havana Well Station is currently being constructed, so the ADD and MDD 
were estimated based on the total buildout capacity scaled to the ratio of Demand/Total Capacity 
for the City’s other well sites (0.40 for ADD and 0.68 for MDD). This assumes that the Havana Pumps 
will be used similarly to the other well sites, operating about 16.3 hours total on the MDD. Pump 
capacity is assumed to be 4,200 GPM for pumps 1, 2, and 3, and 3,750 GPM for pumps 4, 5, and 6.   

Table 3-1 | Water System Demand Summary 

 
Well 

Electric 
Parkwater Ray Grace Nevada Central Hoffman Havana 

Total Station Capacity 
(GPM) 37,380 62,500 22,850 16,000 31,000 16,000 11,000 23,850 

Current Operating ADD 
(MGD)1 

23.3 29.3 12.6 11.0 13.8 11.1 5.8 13.6 

Current Operating MDD 
(MGD)1 

41.3 44.8 22.3 22.7 23.8 18.8 7.4 23.3 

2043 Operating ADD 
(MGD) 

28.0 35.2 15.1 13.3 16.5 13.3 7.0 16.3 

2043 MDD  
(MGD) 

49.6 53.8 26.8 27.2 28.6 22.6 8.9 27.9 

 
3.3.2 FSA Storage and Dosing 
Each well station is proposed to have a new fluoride building that houses the bulk FSA storage tanks, 
transfer pump, day tank, metering pumps, and related appurtenances.  

An exterior fill port is provided on the fluoride building to allow easy and well controlled delivery of bulk 
FSA from chemical suppliers. This fill port is covered, includes chemical containment around the port, 
clearly labeled, and locked so that it cannot be used without a qualified operator present, as recommended 
by the Washington Department of Health (DOH).  

Tank material for the bulk tanks and day tanks must be resistant to degradation when storing the FSA; two 
appropriate options are fiberglass-reinforced plastic (FRP) and high-density polyethylene (HDPE).  FRP tanks 
are fabricated using a hand layup process that allows for users to specify the exact volume, diameter, and 
height desired, which is advantageous when installing tanks in existing spaces with fixed dimensional 
constraints. In contrast, HDPE tanks are only available in manufacturer selected volumes and dimensions. 
If FRP tanks are regularly inspected and if the interior surface is recoated before the corrosion-resistant 
barrier is compromised, the service life of these tanks are generally two to three times longer than HDPE 
tanks. Unlike FRP tanks, HDPE tanks cannot be repaired in place if they develop a leak and must be replaced. 
Capital costs of HDPE tanks are typically about half to a third of the cost of FRP tanks. For this preliminary 
design phase FRP tank material was selected as the basis of design. This can be further evaluated during 
final design. 

The target concentration for fluoridation is 0.7 mg/L, with an allowable minimum of 0.5 mg/L and maximum 
of 0.9 mg/L per the Water System Design Manual (DOH, 2020) Section 10.2.3. Each of the bulk tanks was 
sized to provide a minimum of 60 days of FSA storage based on a target dose of 0.7 mg/L of fluoride for the 
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2043 MDD. The days of storage provided for the ADD are calculated also to evaluate capacity under normal 
conditions. A summary of bulk tank sizing is shown in Table 3-2 

Table 3-2 | Bulk Tank Summary 

  
Well 

Electric Parkwater Ray Central 
Grace / 
Nevada Hoffman Havana 

Minimum Tank Volume (gal) 8,989 9,751 4,843 4,094 9,364 1,618 5,067 

Design Tank Volume (gal) 10,000 10,000 5,000 4,250 10,000 1,800 5,250 

Days of Storage at 2043 MDD 67 62 62 62 64 67 62 

Days of Storage at Current MDD 80 74 74 75 71 80 74 

 
Day tanks are sized to provide 30 hours of storage volume for the 2043 MDD as recommended in the Water 
System Design Manual, Section 10.6.1. This design criteria was established to reduce the severity of 
potential chemical overfeed incidents. Table 3-3 shows a summary of the design day tank volume for each 
well station. 

Table 3-3 | Day Tank Summary 

 Well 
Electric 

Parkwater Ray Central 
Grace / 
Nevada 

Hoffman Havana 

Tank Volume at 2043 MDD 
(gal) 

188 204 101 86 195 34 106 

Design Tank Volume (gal) 200 225 100 100 200 50 125 

Days of Storage at 2043 MDD 1.34 1.38 1.24 1.47 1.28 1.85 1.48 

Days of Storage at Current 
MDD 

1.60 1.66 1.48 1.76 1.42 2.23 1.78 

 
FSA is transferred from the bulk tanks to the day tanks manually by operators as recommended in the 
Water System Design Manual. Magnetic-drive centrifugal pumps are a cost effective and robust option for 
chemical transfer pumps. The liquid handling end of the pump is driven by magnets rather than a shaft, 
which eliminates the need for a mechanical seal and reduces the wear caused by harsh chemicals such as 
FSA. The casing and impeller material is polypropylene to eliminate the risk of corrosion. Transfer pumps 
are sized at approximately 50 GPM so that bulk tanks at all sites can be filled in one to five minutes.   

One injection pump for each well pump is proposed to inject the FSA into the water as it is pumped into 
the distribution system and an additional backup pump is included. All of the well pumps in the City’s system 
are constant speed pumps, so injection pumps can be calibrated and set to provide consistent FSA injection 
without flow pacing. The pressure in the pipe varies for each pump based on the site elevation and pressure 
zone being served. A summary of the pump flowrate and discharge pressures is shown in Table 3-4. 
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Table 3-4 | Injection Point Summary 

Notes: 
1. Pump has not been constructed yet, future flows may vary. 

Peristaltic and diaphragm pumps are the most common types used for chemical dosing because they each 
allow for precise flowrate selection over a much wider range of flows and have good compatibility with 
harsh chemicals. Peristaltic pumps generally have lower maximum pressure ratings than diaphragm pumps. 
The City would prefer to standardize on dosing pumps across the system and has some wells that discharge 
into moderately high pressure zones, so diaphragm pumps are recommended. 

3.3.3 Fluoride Injection, Mixing, and Sampling 
Static mixers are proposed to increase mixing of the well water with the FSA so that a consistent and well 
mixed fluoride concentration can be achieved. Fluoridation injection points can be paired with a static mixer 
for convenience and to minimize footprint. Injection points are recommended to be positioned 
downstream of the well pump discharge head check valve to ensure that fluoride is injected into the 
distribution system and does not inadvertently go into the aquifer.  

Many of the well stations have limited distances of exposed piping after check valves where injection and 
mixing equipment can be added. Static mix plate style mixers are recommended because they have limited 
space requirements and lower cost compared to other styles of static mixer. Plate style static mixers create 
a turbulent environment within a pipe as water passes through the mixer orifice, as shown in Figure 3-1. A 

Pump No. Well 
Pump 

Flowrate 
(GPM) 

Injection 
Pump 

Flowrate 
(GPD) 

Injection Point 
Pressure 

(PSI) 

Pump No. Well Pump 
Flowrate (GPM) 

Injection 
Pump 

Flowrate 
(GPD) 

Injection Point 
Pressure 

(PSI) 

Well Electric Central 
1 7,550 32.9 165.4 1 8,000 34.8 50.9 

2 8,330 36.3 126.4 2 8,000 34.8 50.9 

3 13,500 58.8 87.9 Grace 

4 8,300 34.8 126.4 1 8,000 98.3 34.8 

5,6 Out of Service Indefinitely  2 8,000 98.3 34.8 

Parkwater Nevada 

1 7,000 30.5 137.0 1 5,700 24.80 63.6 

2 7,500 32.6 137.0 2 9,800 42.65 63.6 

3 8,000 34.8 59.5 3 9,800 42.65 63.6 

4 8,000 34.8 59.5 4 5,700 24.80 63.6 

5 8,000 34.8 59.5 Hoffman 

6 8,000 34.8 59.5 1 5,500 23.93 58.1 

7 8,000 34.8 59.5 2 5,500 23.93 58.1 

8 8,000 34.8 59.5 Havana 

Ray 11 4,200 18.3 71 

1 7,000 30.5 154.7 21 4,200 18.3 71 

2 7,200 31.3 154.7 31 4,200 18.3 71 

3 4,350 18.9 154.7 4 3,750 16.3 148.3 

41 4,350 18.9 154.7 5 3,750 16.3 148.3 

    6 3,750 16.3 148.3 
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mixing distance of 7 pipe diameters is generally recommended to achieve sufficient mixing along the main 
at the required fluoride concentration before sampling, but actual minimum mixing length varies based on 
the type of mixer, chemical, water, and other factors. Additionally, a minimum of three straight pipe 
diameters is recommended after mixing before any elbows are encountered along the flow path.  

Figure 3-1 | Plate Style Static Mixer Rendering 

 

Many of the well stations possess exposed piping or existing metering vaults and/or flow meter vaults that 
make easy sampling points. The locations of the static mixers and sampling location, therefore, must vary 
by site to ensure reliable fluoride concentration monitoring. These elements are shown in the drawings in 
Appendix F, Preliminary Design Drawings Submittal. Injection location, sampling location, and mixing length 
is summarized in Table 3-5 below. 
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Table 3-5 | Static Mixer and Sampling Point Summary  

 
3.3.4 Fluoride Overfeed Prevention 
FSA transfer pumps require manual operation and supervision to eliminate the risk of overfeeding FSA from 
a bulk storage tank, per section 10.6.1 of the Water Systems Design Manual. The fluoride feed pumps are 
interconnected electrically with the well pump and also with a flow sensing switch or meter in the water 
main. Additionally, fluoride injection lines have two anti-siphon valves, one at the injection pump discharge 
and the other at the injection point, to prevent inadvertent siphoning of the day tank, as recommended in 
Appendix F.2 of the Water Systems Design Manual. 

DOH recommends that the fluoride injection pumps have a maximum chemical feed rate no more than 
twice the recommended dose. Injection pumps have a very wide range of flows but tend to lose accuracy 
when operating close to the maximum. That makes this recommendation difficult to achieve hydraulically, 
but the pump controls will be set with an upper limit to prevent operators from inadvertently exceeding 
this limit. Additionally, DOH recommends two interlocks on all fluoride feed equipment. This would be 
included using the well pump run signals and flow meters.  

The Washington Administrative Code (WAC) 246-290-460 requires for daily sampling after the fluoride 
injection point, but the Water Systems Design Manual recommends continuous online monitoring to 
prevent overfeed so this project will include continuous online measurement. There are several fluoride 
sampling units available, including a reagantless analyzer that eliminates the need for operators to monitor 

Pump No. Injection 
Location 

(FT) 

Sample 
Location 

(FT) 

Mixing Length 
(FT) 

Pump No. 
(FT) 

Injection 
Location 

(FT) 

Sample 
Location 

(FT) 

Mixing Length 
(FT) 

Well Electric Central 
1 11.5 25.5 14.0 1 12.4 29.33 16.9 

2 0.83 16.3 15.47 2 12.4 29.33 16.9 

3 11.2 25.2 14.0 Grace 

4 2.3 18.63 16.33 1 14.0 >43.5 29.5 

Parkwater 2 14.0 >43.5 29.5 

1 22.7 >56 >33.3 Nevada 

2 22.7 >56 >33.3 1 2.2 69.1 66.9 

3 22.7 >56 >33.3 2 2.2 62.2 60 

4 22.7 >56 >33.3 3 2.2 71.6 69.4 

5 22.7 >56 >33.3 4 2.2 67.9 65.7 

6 22.7 >56 >33.3 Hoffman 

7 22.7 >56 >33.3 1 3.7 >118.8 115.1 

8 22.7 >56 >33.3 2 3.7 >69.2 65.5 

Ray Havana 

1 24.7 113.7 89 1 14.8 76.7 61.9 

2 24.7 113.7 89 2 14.8 102.8 88 

3 24.7 113.7 89 3 14.8 128.7 113.9 

4 24.7 113.7 89 4 14.8 76.7 61.9 

    5 14.8 102.8 88 

    6 14.8 128.7 113.9 
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reagent usage. Monitoring results are reported to DOH monthly. The report form, reporting guidance, 
fluoride overfeed actions, and information on the fluoridation treatment quality award program are 
included in Appendix G, DOH Fluoridation Forms. 

3.4 Other Project Design Elements 
3.4.1 Fluoride Buildings 
The proposed fluoride buildings house the FSA bulk and day tanks, transfer pumps, and metering pumps. 
Each well site has a new fluoride building because of constraints with the existing buildings. Preliminary 
mechanical layouts for the fluoride buildings are included in the drawings in Appendix F, Preliminary Design 
Drawings Submittal. Well Electric and the Nevada/Grace well stations will have identical building layouts, 
as will Ray Street and Hoffman well stations. The Parkwater and Havana well stations have their own 
fluoride building layouts. Central Well Station has limited space, so instead of a dedicated fluoride building 
the fluoride equipment would be incorporated into a new building built in place of the existing building.  

As mentioned in Section 3.3.1, design capacity criteria were developed based on a 20-year estimate. To 
accommodate for potential future water demand increases beyond this timeframe, fluoride building door 
openings and bulk tank pad dimensions must be sufficiently large to allow for the replacement of larger 
bulk tanks in the future if necessary. 

Both tanks are required to have secondary containment, which can be incorporated into the concrete 
building foundation by constructing the chemical room partially below grade so that the entire floor area 
below the door openings functions as a containment area. This would require landings and stairways within 
the building to get from grade level down to the chemical room floor. Chemical fumes are vented upwards 
since the chemical rises and may create an unpleasant odor. FSA storage and handling equipment is located 
in a separate room from any electrical or controls equipment due to the corrosivity of the chemical fumes. 

Architecturally, the buildings would be constructed of similar material and style to existing building on each 
site to maintain a common visual theme. Building size varies by site and ranges from approximately 600 to 
1,000 square feet. 

3.4.2 Site Access 
The bulk FSA would be delivered to each of the well sites by a delivery truck, which could be a semi-truck 
with a 53-foot tanker trailer. Most well sites currently do not have provisions for access by a large truck, so 
driveway and access improvements will be needed except for the Grace and Nevada well site and the 
Havana well station site. Driveway and access improvement are not required at the Grace and Nevada well 
site since there already is adequate room for delivery trucks at the existing Water Department yard where 
the Grace well station and Nevada well station is located. The Preliminary Design Drawings Submittal in 
Appendix F shows the extent of driveway improvements needed to allow truck access for bulk deliveries. 
The drawings include approximate material quantities for the driveway improvements. 

The limits of the driveway and access improvements were developed from performing truck turning 
movement analysis utilizing Transoft Solutions, Inc. Vehicle turn simulations used a delivery truck with a 
53-feet long trailer that has an overall wheelbase length of 67 feet. This type of delivery truck is identified 
as a WB-67, which is the most common large truck size. 

Access to the well buildings is already restricted with locking doors. The fluoride buildings would also be 
locked to prevent public access. 
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3.5 Instrumentation and Control 
3.5.1 Alarm Conditions 
The fluoridation system introduces some components that can notify staff via SCADA when an anomaly of 
a component exists. Below are some examples of alarm conditions: 

 High or Low Fluoride Value 
 Fluoride Analyzer Error/Trouble/Failure 
 Fluoridation PLC Loss of Communication or Power 
 Fluoride Metering Pump(s) Failure 
 Fluoride Transfer Pump Trouble/Failure 
 Day Tank High/Low Alarm 
 Containment Area Flood Switch Alarm 
 Operator in Trouble (Optional) 
 Fluoridation Building High or Low Room Temperature 

Staff will need to be trained to recognize and address the alarms as they are received.  Time delays may be 
added and adjusted for alarms that may be a nuisance.  

3.5.2 Calibration, Verification and Testing 
It is recommended that calibration, verification, and testing of the fluoride analyzer be performed as 
recommended by the analyzer’s manufacturer, both at startup and for routine maintenance. The City 
should obtain a benchtop fluoride analyzer to routinely verify that the on-line analyzers are performing as 
expected.  

3.5.3 Flow and Pressure Control 
Monitoring and control of any water treatment process is important, but it is especially critical to 
fluoridation due to the precise dosing concentrations required. Flow from the well pumps is already 
monitored and recorded with flow meters. Flow from the FSA injection pumps would be measured and 
recorded with flow meters also. Pressure in the injection system would be regulated with two anti-siphon 
backpressure valves on each injection line. In addition to preventing accidental overfeed from siphoning, 
the valves provide a consistent pressure for the pump which improves accuracy. Both flow and pressure 
would be monitored continuously and set to send alarms if either parameter deviates from a 
predetermined range. 

3.5.4 Power Supply 
All well sites have a new electrical panel dedicated to supply power to the fluoridation system’s 
components. The fluoridation system’s panel is generally rated for 120/208 volt three-phase at 125 amps, 
but slight adjustments to these ratings are needed at some well sites to be compatible with existing 
infrastructure (e.g. Central uses 120/240 volt single-phase for station service power). 

Most of the well sites have the fluoride system’s panel fed from the existing station service panel, provided 
the existing panel has been determined to have the electrical capacity to support the new fluoridation 
system’s electrical loads. Central has a new building with a new panel to support building loads in addition 
to the fluoridation system, and Grace/Nevada would need to convert its station service disconnect to a 
panelboard to supply power to its fluoridation system panel. 
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3.5.5 Instrumentation and SCADA 
At each of the well sites there is an existing programmable logic controller (PLC) that receives and transmits 
well information from and to the main control room at Well Electric. Most of the PLCs are at capacity in 
terms of accommodating additional input/output (I/O), therefore it is recommended that the fluoridation 
system have a new, dedicated PLC at each site. The new Fluoridation System PLC communicates to 
supervisory control and data acquisition (SCADA) through the well site’s existing radio via serial or Ethernet. 

Fluoride sampling instrumentation is physically located as close to the sampling points as practical 
(discussed further in Section 3.5.7). An analyzer from a reputable manufacturer assembles the necessary 
components on a wall-mountable board that occupies approximately 17”x25” of wall space. Once 
mounted, tubing, power, and control signal wiring is field routed to the analyzer board to complete the 
sampling system. It is recommended that for control signal wiring, an analog signal for fluoride 
measurements and a discrete signal for analyzer trouble alarm be relayed to the SCADA system at a 
minimum. 

3.5.6 Sample Piping 
All fluoride sampling lines are 3/8-inch tubing contained in a 2 inch PVC conduit sleeve to provide 
containment and allow tubing to be replaced if needed. Wherever possible, sampling lines are tapped into 
existing flow meter vaults or pulled from existing chlorine sampling ports. The distance between the sample 
point and the fluoride analyzers is minimized to provide as rapid a response time as possible while still 
ensuring sufficient mixing of the FSA after the injection point. Non-translucent tubes are used as 
recommended by DOH.  

The sampling locations are shown in the Preliminary Design Drawings Submittal in Appendix F. Each of the 
waterlines at the Parkwater, Ray Street, Central, Grace, Well Stations sample from existing flow meter 
vaults with a single sample line for each well pump waterline. At the Hoffman Well Station, both waterlines 
connect to a single pipe with an existing flow meter where fluoride samples will be taken. At the Well 
Electric Well Station, samples from well pumps one, three, and four are proposed to sample from existing 
chlorine sample ports, but pump two does not have sufficient mixing distance at the existing chlorine 
sample port so a new sample port would be installed in the pipe tunnel. At the Nevada Well Station each 
of the four pump discharges connect to an existing north-south 36” water main, so two sample lines are 
located each side of the pump connections to provide a composite sample of water entering the 
distribution system in either direction. 

3.6 Final Design Considerations 
This Fluoridation Implementation Study has developed the key design criteria required for implementation 
of fluoridation at each of the City’s well sites, but the scope is limited to include analysis of only the largest 
and most critical design elements. In order for the City to implement a fluoridation system the following 
elements need to be further considered during final design: 

 General contracting requirements and processes. 

 Administrative and Technical Specifications. 

 Additional site surveys to capture any data gaps. 

 Detailed civil design elements including temporary erosion and sediment control, site drainage and 
grading, driveway material, utility conflict analysis, and landscaping. 
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 Detailed mechanical design elements for FSA chemical feed system, including final equipment 
layout, final equipment and ancillary elements material selection, injection points design, final 
selection of transfer and metering pumps, and confirmation on containment approach. 

 Complete architectural design of new buildings and review of any architectural impacts to existing 
buildings. 

 Complete structural design of new buildings and review of any structural impacts to existing 
buildings. 

 Complete heating and ventilation design and control. 

 Complete electrical and supervisory control and data acquisition (SCADA) system design. 

 Permitting requirements, see Section 5. 

 Schedule, see Section 5. 
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SECTION 4 

Operation and Maintenance 
Plan 
4.1 General 
This section covers the anticipated operations and maintenance activities that would be required through 
the implementation of fluoridation of the City of Spokane’s (City’s) water system. Operation and 
maintenance elements include routine activities, monitoring, staffing, safety, and certification 
requirements. 

4.2 Routine Operation and Maintenance Activities 
A typical bulk fluorosilicic acid (FSA) system for fluoridation of public water systems includes a chemical 
room or building that houses a bulk storage tank, day tank, and chemical transfer and feed pumps. An 
exterior fill port on the building for filling the bulk tank from a chemical delivery tank truck. The bulk tank 
as defined in Section 3, Fluoridation Implementation Preliminary Design, is sized for 60 days of the 
anticipated future maximum day demand of the well facility. A manual transfer pump is used to convey FSA 
from the bulk storage tank to the day tank. Gravity feeding of day tanks from bulk tank is not recommended. 
Tanks should never be filled automatically, and transfer of FSA should always be monitored, which is 
recommended based on industry standards defined by the Great Lakes - Upper Mississippi River Board 
(GLUMRB)10 States Standards for Water Works and the Centers for Disease Control and Prevention (CDC). 
The day tank is sized for one day of the anticipated future maximum day demand of the well facility to 
prevent the potential for overfeeding fluoride into the water system from the bulk tank. The chemical feed 
pumps inject FSA into the well pump station discharge at locations defined in Section 3, Fluoridation 
Implementation Preliminary Design. 

Table 4-1 provides a summary of typical operations and maintenance activities for FSA chemical injection 
systems. 
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Table 4-1 | Recommended Operations and Maintenance Schedule 

O&M Task Daily Monthly Quarterly Annually 
Inspect the chemical feed system X 

Look for leaks or differences X 

Check additive solution levels X 

Check hoses for air locks X 

Check the pump for prime X 

Fill the day tank (daily) X 

Check daily continuous automated fluoride monitoring 
equipment  

X 

Calibrate fluoride analyzer per manufacturer 
recommendation (typical one-point calibration daily, two-
point calibration weekly) 

X 

Fluoridation Chemical Loading X 
(or less) 

Collect split monitoring samples once per month at each 
site and provide DOH report on results 

X 

Check all piping for leaks X 

Check gas venting for integrity X 

Check pipes and hoses for encrustations X 

Inspect tank level measurements (floats, gauges, etc.) X 

Calibrate the pump’s delivery rate X 

Check the lubrication and adjustments of motor driven 
pumps 

Bi-annual 

Check for crystalline deposits in foot valves, lines, hoses, 
and injectors 

Bi-annual 

Disassemble and clean foot valves, lines, hoses, and 
injectors 

Bi-annual 

Test the operation of vacuum breakers and anti-siphon 
valves 

Bi-annual 

Disassemble and replace worn parts of vacuum breakers 
and anti-siphon valves 

Bi-annual 

Disassemble and replace worn parts of metering pumps Annual 

4.3 Monitoring Requirements 
The Washington Administrative Code (WAC) 246-290-460 requires the following monitoring and reporting 
activities to ensure concentrations remain as close as possible to the optimal fluoride concentration of 0.7 
milligrams per liter (mg/L) throughout the entire distribution system. As defined in Section 3, Fluoridation 
Implementation Preliminary Design, the operating range of the fluoridation system is maintained through 
continuous monitoring to keep fluoride concentrations within a range of 0.6 to 0.8 mg/L. To confirm that 
fluoridation facilities and monitoring equipment are operating properly, the City is planning to take the 
following actions: 



DRAFT FINAL 

N223386WA • May 2023 • Fluoridation Implementation Study • City of Spokane 
 4-3 

 Monitoring 

o Maintain continuous monitoring downstream from each fluoride injection point at the first 
sample tap where adequate mixing has occurred. 

o Once per month, collect a split sample at the same location as continuous monitoring samples 
are collected and process as follows: 

• Analyze half the sample (in-house) and record the results on the chain of custody 
document; and 

• Submit the other half of the sample for analysis to a drinking water certified laboratory 
with the chain of custody document.  

o Analyze samples in accordance with procedures identified in the 22nd edition of Standard 
Methods for the Examination of Water and Wastewater, January 2012, or other department-
approved procedures. 

 Reporting 

o Record routine analysis results on a monthly report form provided by the Washington State 
Department of Health (DOH). See Appendix G for the DOH Fluoridation Forms. 

o Maintain daily average of continuous monitoring samples and record the average fluoride 
concentration. 

o Submit monthly monitoring reports to the DOH within the first ten days of the month following 
the month in which the samples were collected. 

4.4 Staffing 
The previously defined operations and maintenance activities are based on what was outlined in the 
Preliminary Engineering Study for Fluoridation: Fluoridation Systems Alternatives (Murraysmith, December 
2022) report and input from the City of Spokane (City). Based on this the following level of effort has been 
developed to determine requirements for full-time equivalent (FTE) operational, maintenance, and 
administrative staff needs. 

Table 4-2 provides a summary of hours per day, per month, and per year. The costs associated with these 
staffing requirements are included in the 50-year life cycle cost analysis in Section 5, Project 
Implementation. Note that the “Monthly” and “Yearly” columns are cumulative sums of hours for regular 
tasks (e.g. “Day Tank Fill” task is shown as daily hours, which are summed into monthly hours, which are 
then summed into yearly hours). For the four well stations operated seasonally, per-site tasks are assumed 
to only be performed eight months out of the year. 
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Table 4-2 | O&M Staffing Requirements  
(Yearly hours include accumulation of daily/monthly tasks) 

Task 
Daily 

(Hours) 
Monthly1 

(Hours) 
Yearly 

(Hours) 
Type of  

Staff Member 
Daily Inspection 7 210 2,0402 Operations 

Daily Distribution 
Monitoring 4 120 1,440 Operations 

Preventative 
Maintenance 

 4 48 Maintenance 

Materials Replacement 
Acquisition 

 4 48 Administration 

Safety Coordination and 
Training 

 2 24 Administration 

I&C Maintenance  2 24 Maintenance 
Day Tank Fill 3.5 105 1,0202 Operations 

Chemical Loading  7 682 Operations 
Equipment Maintenance   868 Maintenance 

Staff Summary FTEs 
Hours Per 

Year 
 

Operations Staff 2.20 4,568  
Maintenance Staff 0.45 940  

Administration Staff 0.03 72  
1. Includes “quarterly” tasks from Table 4-1. 
2. For the four well stations operated seasonally, 8 months of hours per year is assumed. 

4.5 Operator and Plant Safety Considerations 
These general recommended practices are based on the CDC’s understanding of the consensus of various 
safety data sheets (SDS) practices. The CDC recommends that personnel in potential contact with fluoride 
products always wear personal protective equipment (PPE). The equipment will vary based on the task 
being performed. Even with a full-face shield and goggles, eye irritation is possible, especially if PPE fails. In 
the event of a spill, a safety shower and eye wash station would be available for immediate use. The 
manufacturer’s SDS is the primary source of information for PPE required to handle concentrated fluoride 
additive product.  

 Use of PPE should be determined for each task based on a site-specific risk assessment. Risk 
assessments should consider the following. 

 Using PPE. 

 Long gloves, coveralls, boots, apron, safety goggles, and face shield. 

 Not eating or smoking in an additive storage area. 

 Cleaning up an additive storage area promptly after a spill. 

 Washing clothes and body after exposure to concentrated additive product. 

 Washing hands after exiting an additive product storage area. 



DRAFT FINAL 

N223386WA • May 2023 • Fluoridation Implementation Study • City of Spokane 
 4-5 

 Having a backup “buddy” when entering any additive product storage area. 

 Using a checklist when conducting safety and operating procedures. 

 Documenting checklist use. 

 Access to a first aid kit including a burn kit and acid neutralizer. 

 Spill control response aids should be readily accessible wherever liquid additives are handled. Spill 
control absorbent pillows and dams should be used for initial containment. Follow-up action to 
neutralize the acid with lime or caustic soda is essential. 

Exposure to single, large doses of concentrated fluoride additive product results in symptoms that vary by 
person. These include nonspecific symptoms: headache, sweating, excessive salivation, tearing, mucous 
discharges from nose and mouth, diarrhea, and generalized weakness. Potentially fatal symptoms include 
spasms, tetany and convulsions, weak pulse, low blood pressure, irregular heartbeats, and pulmonary 
edema. 

In 2006, United States Environmental Protection Agency (EPA) reviewed current health effect information 
for the primary maximum contaminant level (MCL) of 4.0 milligrams per liter (mg/L) based on quantitative 
risk assessment for severe dental fluorosis, the risk for increased bone fractures as related to fluoride, and 
the less than crippling form of skeletal fluorosis (Stage II skeletal fluorosis). The review panel recommended 
updating the MCL. The EPA is conducting new research on the impacts of skeletal fluorosis, and skeletal 
fractures and has updated the source contributions for fluoride. The EPA may update the MCL or MCLG 
based on health effects in the future. The lethal dose of fluoride is currently thought to be from 2 to 8 
milligrams per kilogram of body weight with lethal doses reported with levels of 16 milligrams per kilogram 
(mg/kg) in children and 32-64 mg/kg in adults. 

Overfeeding above 4 mg/L would pose a City-wide hazard for all customers of the water system; however, 
numerous redundant design features would be incorporated to prevent overfeeding, including the 
following. 

 Process control 
 Equipment calibration 
 Anti-siphon devices 
 Backpressure 
 Calibration columns 
 Analyzer(s) 
 Check valve(s) 
 Flow switch(es) 

4.6 Operator Certifications 
The requirements for operator certification were reviewed based on the DOH Purification Plant Criteria 
Worksheet (see Appendix H). As noted in the worksheet, a water system with groundwater supply with only 
chlorination is considered a distribution system, not a water treatment facility. The addition of fluoride 
would result in a reclassification of water treatment certification. The City currently provides residual 
disinfection and at this level of treatment does not require a certified water treatment plant operator. The 
addition of the fluoride would result in a reclassification of the City’s water system per WAC 246-292-050 
and requires a minimum operator certification of Water Treatment Plant Classification 2 (WTPO 2). The 
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City will need to designate at least one certified operator in responsible charge of the fluoridation system 
at this certification and training level. 
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SECTION 5  

Project Implementation 
5.1 General Project Implementation Assumptions 
The final implementation of fluoridation of the City of Spokane’s (City’s) water system will be determined 
by City elected officials. The purpose of this study was to understand costs IF the city were to implement 
fluoridation. To develop costs, many assumptions must be made in order to determine costs.  If fluoridation 
were to be implemented, that will require the completion of final design, permitting, phasing of the 
construction, and startup. An approach is provided for each of these elements for cost estimating purposes, 
including an assumed start date for these activities, again to develop the basis of determining costs. 
Additionally, included in this section are the preliminary capital and lifecycle cost estimates to provide a 
complete understanding of costs the City would reasonably expect if fluoridation were implemented. 

5.1.1 Final Design and Construction Phasing Assumptions 
The final design and construction phasing is assumed to occur over a 5-year period. The initial phase of final 
design would be to progress the design to a 90% level for all fluoridation facilities at each of the City’s well 
station facilities. This work would include a project level SEPA to be completed. Further the facility 
construction would be separated into two sub phases. The first would complete construction of the site 
and building improvements at each of the well station facilities over multiple years. The second sub phase 
would be installation of the fluoridation chemical storage and injection system at the well station facilities 
in the final construction year. This would allow for startup of the fluoridation system at all facilities on the 
same timeline meeting the Washington State Department of Health (DOH) requirements for consistent 
fluoridation of all sources. 

Figure 5-1 presents the anticipated design, permitting, construction implementation, and startup schedule. 
Since a decision by the City has not been made to proceed with fluoridation implementation, the proposed 
potential implementation schedule has an example start date 2024 to show the progression of the project 
and dates are only shown as an example. Future budgetary costs following the sub phases and preliminary 
proposed construction phasing schedule shown in Figure 5-1 are presented in Section 5.2, Table 5-5. 

The City is also currently assessing onsite sodium hypochlorite generation systems for its water system 
disinfection. If timing and funding align, the City may combine construction of the proposed fluoridation 
facilities with the onsite generation facilities to reduce costs and interruption of operations. 

5.1.2 Permitting and Regulation Assumptions  
The following is a broad overview of the regulations, application procedures, and permit requirements for 
the seven fluoridation facility sites. 

5.1.2.1 Regulations 
Engrossed Substitute House Bill 1251, an act relating to water systems' notice to customers of public health 
considerations, is a piece of legislation that was passed in the Washington State Legislature on February 9, 
2023. The bill relates to the fluoridation of municipal water supplies in the state of Washington and will add 
a new section to chapter 70A.125 of the RCW. Specifically, the bill requires that a public water system that 
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is considering commencing or discontinuing fluoridation of its water supply shall notify its customers and 
the department of its intentions at least 90 days prior to a vote or decision on the issue. This notification 
can be made by any method that effectively notifies its customers i.e., radio, television, newspaper, mail, 
or electronically. Any public water system that violates the notification requirements shall return the 
fluoridation of its water supply to its previous level until the required notification has been provided.  
A comprehensive review of local, state, and national regulatory and planning requirements for fluoridated 
water systems was conducted and summarized in the Fluoride Regulatory and Planning Review Technical 
Memorandum, Appendix I. More information and resources regarding the Engrossed House Bill are located 
in Appendix I.  

 

 

  



ID Task 
Mode

Task Name

1 Final Design- All Well Facilities 
2 Pre-Application Meetings
3 60% Design Submittal
4 City Review
5 90% Design Submittal 
6 City Review
7 Permitting
8 DOH Project Report Review
9 Contract Documents & Construction Phasing
10 Well Electric
11 100% Bid Submittal
12 Bid
13 Construction 
14 Parkwater
15 100% Submittal
16 Bid
17 Construction 
18 Central
19 100% Submittal
20 Bid
21 Construction 
22 Grace & Nevada
23 100% Submittal
24 Bid
25 Construction 
26 Ray
27 100% Submittal
28 Bid
29 Construction 
30 Havana
31 100% Submittal
32 Bid
33 Construction 
34 Hoffman 
35 100% Submittal
36 Bid
37 Construction 
38 Fluoridation Equipment- All Facilities
39 100% Submittal
40 Bid
41 Construction 
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5.1.2.2 Permitting 
The initial permitting information that Consor and Parametrix have compiled is provided in Table 5-1. Each 
well station facility will have a distinct set of requirements for the implementation of fluoridation and 
building improvements depending on its location.  

A non-project State Environmental Policy Act (SEPA) checklist was completed for this Fluoridation 
Implementation Study and is anticipated to be published May 22, 2023, and included in Appendix D (Draft 
SEPA Checklist and Comments). Along with the publication of the non-project SEPA checklist, the City issued 
a DNS SEPA threshold determination. This determination reflects the purpose of this study which is to solely 
understand costs. A study to understand costs does not in itself have an impact on the environment. The 
public will have 14 days to review and comment on the checklist and SEPA determination. All comments 
received will be included in Appendix D of the final Fluoridation Implementation Study report to provide 
decision makers with all information collected during the study process. If the City chooses to move forward 
with fluoridation, a project level SEPA would be completed, and a determination based on project level 
details would be made and circulated for public comment. 

The permitting process would start during final design, IF the city choses to move forward, and would 
include scheduling a pre-application meeting with the City’s Development Services Center prior to 
beginning the application process for each site to confirm the required permits and permit application 
process. Depending on the time frame anticipated to obtain each permit, the pre-application meeting may 
need to be scheduled several months prior to the final design completion for each respective site. Once it 
is determined which permits are needed, the time frame to obtain each permit would be reflected in the 
project schedule along with any predecessors (often one permit can be a predecessor for other permits). 
This would allow the project team to determine the critical path. The project schedule would allow 
adequate time for permits to be obtained and permit requirements to be incorporated into the Plans, 
Specifications, and Estimate (PS&E). 

General Permit Process 

The general permit process includes the following: 

 Submit the applications: An application will need to be submitted to the appropriate agency for 
each permit for each site. The applications would typically include detailed plans and specifications 
for the proposed design and upgrades. It’s anticipated that a project-level SEPA checklist will be 
required for each site as part of the permit application process. 

 Review and approval: The agency responsible for reviewing the application would typically conduct 
a thorough review to ensure that the proposed design meets all applicable local and state 
regulations. This may involve a review of the plans and specifications, as well as a site visit to the 
project location. 

 Permit issuance: If the application is approved, the agency would issue the necessary permits and 
approvals. 

 Construction: Once the necessary permits have been obtained, construction can begin. It is 
important to ensure that all work is done in compliance with the approved plans and specifications, 
permit conditions, and any applicable local and state regulations. 
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 Inspection and final approval: After construction is complete, the agency responsible for issuing 
the permits would typically conduct a final inspection to ensure the project meets all applicable 
regulations and permit conditions.  

Due to its proximity to the Spokane River and Felts Field Airport, the Well Electric Well Station Facility will 
require a Shoreline Substantial Development Permit and also be subject to Federal Aviation Administration 
(FAA) requirements for building heights. In addition, five well station facilities are eligible for inclusion in 
the National Register of Historic Places and would require further review under Section 106 of the National 
Historic Preservation Act (NHPA) for a final determination.  

It is important to note that the specific requirements for the permitting process will vary depending on the 
well station facility location and the type of upgrades being made. It will be important to work closely with 
the City’s Development Services Center throughout the process to ensure that all necessary permits and 
approvals are obtained and that the upgrades are completed in compliance with all applicable regulations. 

Table 5-1 | Permitting Requirement Summary by Well Station Facility 

City Well Station Facility Required Permits Zoning, Land Use 

Well Electric 

Shoreline Permit 
Confirm height requirements with FAA 
Existing site partially within FEMA 100-year flood zone 
SEPA review 
Historic/architectural review 
Building Permit (mechanical and energy code requirements) 
Electrical Permit 

LI, LI 

Parkwater 

SEPA Review 
Historic/architectural review 
Building Permit (mechanical and energy code requirements) 
Electrical Permit 

LI, LI 

Ray 

Conditional Use (Residential Zone) 
SEPA review 
Historic/architectural review 
Building Permit (mechanical and energy code requirements) 
Electrical Permit 

RTF, R 10-20 

Central 

Conditional Use (Residential Zone) 
SEPA review 
Building Permit (mechanical and energy code requirements) 
Electrical Permit 

RSF, R 4-10 

Grace 

No special permitting requirements 
SEPA review 
Historic/architectural review 
Building Permit (mechanical and energy code requirements) 
Electrical Permit 

CC1-EC, CC Core 

Nevada 

No special permitting requirements 
SEPA review 
Building Permit (mechanical and energy code requirements) 
Electrical Permit 

CC1-EC, CC Core 

Hoffman 

Conditional Use (Residential Zone) 
SEPA review 
Historic/architectural review 
Building Permit (mechanical and energy code requirements) 
Electrical Permit 

RSF, R 4-10 
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City Well Station Facility Required Permits Zoning, Land Use 

Havana 

Permitting within City of Spokane Valley 
Conditional Use (Residential Zone) 
SEPA review 
Building Permit (mechanical and energy code requirements) 
Electrical Permit 

MFR, MFR (City of 
Spokane Valley) 

Notes: 
LI – Light Industrial 

RTF - Residential Two-family 
RSF - Residential Single-family 
CC - Center and Corridor 
MFR - Multifamily Residential 

Further, the City will need to submit a project engineering report (Project Report) outlined in WAC-246-
290-110, meeting the treatment design requirement under WAC 246-290-250 to DOH. The DOH General 
Report Checklist is included in Appendix A for reference. 

5.1.3 Startup and Testing Assumptions 
The final step in the fluoridation implementation is the final inspection and startup of the fluoridation 
facilities. The major elements that would need to be inspected to confirm installation per the design are as 
follows: 

 Site improvements (access and landscaping). 

 Structure (meeting building code special inspection, containment areas, and ancillary building 
elements, such as electrical). 

 Safety and heating, ventilation, and air conditioning (HVAC) including safety showers, eyewashes, 
and ventilation equipment. 

 Process equipment (storage and day tanks, metering pumps, and instruments). 

 Instrumentation and controls (Integration of the process control instruments, such as fluoride 
analyzer, flow meters, and pressure gauges). 

The Manual of Water Supply Practices, M4, Water Fluoridation Principles & Practices Sixth Edition, AWWA 
outlines the following major system component categories that are typically tested: 

 Pressure testing of pipes and tanks: All pipes and tanks are filled with the appropriate fluid and 
pressurized for a duration specified in the contract documents. Clean water is typically used for 
functionality testing. 

 Containment area leak test: The containment area or structure within which the fluoridation 
equipment is located is leak tested. 

 Chemical feed equipment: Metering pumps are calibrated, and a calibration curve is developed for 
each metering pump. 

 Other equipment: Valves, HVAC equipment, and other ancillary equipment (e.g., sump pumps) are 
tested to ensure that they operate properly and reliably. Instrumentation and process control 
equipment is tested and calibrated. 
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5.1.2.2 Permitting 
The initial permitting information that Consor and Parametrix have compiled is provided in Table 5-1. Each 
well station facility will have a distinct set of requirements for the implementation of fluoridation and 
building improvements depending on its location.  

A non-project State Environmental Policy Act (SEPA) checklist was completed for this Fluoridation 
Implementation Study and is anticipated to be published May 22, 2023, and included in Appendix D (Draft 
SEPA Checklist and Comments). Along with the publication of the non-project SEPA checklist, the City issued 
a DNS SEPA threshold determination. This determination reflects the purpose of this study which is to solely 
understand costs. A study to understand costs does not in itself have an impact on the environment. The 
public will have 14 days to review and comment on the checklist and SEPA determination. All comments 
received will be included in Appendix D of the final Fluoridation Implementation Study report to provide 
decision makers with all information collected during the study process. If the City chooses to move forward 
with fluoridation, a project level SEPA would be completed, and a determination based on project level 
details would be made and circulated for public comment. 

The permitting process would start during final design, IF the city choses to move forward, and would 
include scheduling a pre-application meeting with the City’s Development Services Center prior to 
beginning the application process for each site to confirm the required permits and permit application 
process. Depending on the time frame anticipated to obtain each permit, the pre-application meeting may 
need to be scheduled several months prior to the final design completion for each respective site. Once it 
is determined which permits are needed, the time frame to obtain each permit would be reflected in the 
project schedule along with any predecessors (often one permit can be a predecessor for other permits). 
This would allow the project team to determine the critical path. The project schedule would allow 
adequate time for permits to be obtained and permit requirements to be incorporated into the Plans, 
Specifications, and Estimate (PS&E). 

General Permit Process 

The general permit process includes the following: 

 Submit the applications: An application will need to be submitted to the appropriate agency for 
each permit for each site. The applications would typically include detailed plans and specifications 
for the proposed design and upgrades. It’s anticipated that a project-level SEPA checklist will be 
required for each site as part of the permit application process. 

 Review and approval: The agency responsible for reviewing the application would typically conduct 
a thorough review to ensure that the proposed design meets all applicable local and state 
regulations. This may involve a review of the plans and specifications, as well as a site visit to the 
project location. 

 Permit issuance: If the application is approved, the agency would issue the necessary permits and 
approvals. 

 Construction: Once the necessary permits have been obtained, construction can begin. It is 
important to ensure that all work is done in compliance with the approved plans and specifications, 
permit conditions, and any applicable local and state regulations. 
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 Safety systems: Emergency showers and eyewashes are tested to ensure the necessary flow rate 
is delivered. The fire protection system, if required, is tested for functionality and capacity. 

 Electrical equipment: Electrical conductors, equipment, protective devices, grounding, and other 
components are tested as specified in the contract documents. Motors are jogged to verify the 
direction of rotation. 

 Instrumentation and controls: An operational readiness test and a functional acceptance test are 
performed to ensure that the control of the fluoridation system by supervisory control and data 
acquisition (SCADA) has been properly programmed. 

Other considerations during startup are to maintain proper records of calibration and testing. Calibrate 
devices used for testing and have required chemical reagents needed. Start fluoride target feed at a low 
dose to allow for fine tuning without overdosing as the fluoridation facilities are brought online. 

5.2 Capital, O&M, and Lifecycle Cost Estimates 
Based on the assumed steps and processes discussed above, capital costs were developed for each well 
station facility to a Class 3 Estimate Level, as defined by AACE International. Enough preliminary engineering 
design work was completed to determine the Opinion of Probable Construction Cost (OPCC). The OPCC can 
be classified with accuracy ranges of -20 percent on the low side and +30 percent on the high side. 
According to AACE International, Class 3 estimates are useful for budgetary costs such as developed via the 
preliminary design detailed in this Study. A preliminary life cycle cost analysis (LCCA), based on a 50-year 
life cycle, was also developed. It was based on the preliminary design and long-term system operational 
and maintenance requirements detailed in Section 4. All costs are in January 2023 US Dollars based on 
information available at the time the costs were developed, except where otherwise noted.  

Final costs will depend on the following. 

 actual field conditions 
 actual material and labor costs 
 market conditions for construction 
 regulatory factors 
 final project scope 
 method of implementation 
 schedule  

Detailed workups of the costs are included in the Fluoridation Cost Calculations, Appendix J. The capital 
OPCC unit costs were based on the Consor North America, Inc. (Consor) estimating database.  

The Consor estimating database is stored within HCSS Heavybid© Software. The estimating data based was 
developed from data across multiple industries and disciplines. The data base includes but is not limited to 
the costs from projects related to heavy civil, buildings, roads, railways, bridges, airports, dams, sewer 
systems, trenchless projects, tunnels, demolition, drilling and blasting operations,  water systems, 
wastewater treatment facilities, landfills, concrete structures, under water construction projects, water 
filtration systems, dewatering systems, aquifer storage and recovery well construction, electrical 
generation facilities, electrical distribution systems, environmental protection projects, storm water 
management projects, and emergency response projects.  
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The Consor database includes complete integration with RSMeans, most of the United States Department 
of Transportation (DOT) unit cost data bases, and other national and regional costs data sources. The actual 
bid tab results from DOT websites are also integrated into the Heavybid system for easy comparison. These 
databases together with the data form current and past projects allow Consor to provide the most current 
cost available. Because of uncertainty with supply chains and market conditions Consor does not 
recommend or use average unit costs, or unit cost averages that are older than 3 years.  

Database inputs include labor, equipment, materials, subcontractor quotes, specialty equipment, and local 
contractor quotes as required. This input is updated on a quarterly basis or as required by project specific 
requirements. The inputs are organized by state and region within each state. This provides the most 
current and accurate cost data for a project within a specific region. For this OPCC, the Consor data is 
measured against the Washington DOT information, the Spokane Washington RS Means information, and 
supplemented with current specialty equipment cost, or other regional data.  

5.2.1 Capital Facility Costs 

The OPCC costs presented in Table 5-2 are based on the following additional assumptions. 

 Equipment costs were based on planning-level estimates from manufacturer vendors.  

 Site improvements were based on Consor’s database of capital cost information. Larger site 
improvements costs were used for sites with industrial or commercial zoning such as Parkwater or 
the Grace/Nevada site.  

 Building costs were based on Consor’s database of capital cost information.  

o Larger building costs were used for sites located in residential zones where the architectural 
style would need to match the existing well station facility.  

o Unit building costs include HVAC and safety equipment. 

o HVAC and gas venting/scrubbing costs were estimated at $10 per building square foot based 
on Consor’s database of capital cost information. 

 Due to available space constraints, it was assumed that the existing control building located at the 
Central Well Station Facility would be demolished to the foundation and replaced with a new 
facility housing existing well controls, existing chlorination equipment, and the proposed 
fluoridation system. 

 Land or right-of-way acquisition is not expected to be required. 

 Fluoride injection or water service yard piping were included for sites where the building is not 
located next to the well station facility per the preliminary design. 

 A 30 percent contingency was applied to the capital costs. 
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Table 5-2 | 2023 Class 3 Facility Capital Costs (OPCC) 

Well Station Facility Capital Cost 

Well Electric $1,548,000 
Parkwater $ 1,759,000 

Ray $ 1,501,000 
Central $ 1,545,000 

Grace/Nevada $ 1,519,000 
Hoffman $ 1,434,000 
Havana $ 1,694,000 
TOTAL $10,999,000 

 
Section 5.1.1 describes the sub-phasing and presents a preliminary construction phasing schedule for all 
fluoridation systems. Table 5-3 | Preliminary Capital Expenditure Schedule (Future Dollars)shows future 
costs for each well station facility and sub phase based on the approach described in Section 5.1.1. These 
costs include Spokane sales tax (nine percent) and contingency. 

Table 5-3 | Preliminary Capital Expenditure Schedule (Future Dollars) 

Well Station Facility Building Costs Equipment Costs 
Year 2025 2026 2027 2028 2028 

Well Electric $725,000    $1,068,000 

Parkwater  $604,000   $1,465,000 

Ray   $896,000  $831,000 

Central Ave $931,000    $736,000 

Grace/Nevada   $520,000  $1,296,000 

Hoffman    $1,032,000 $635,000 

Havana    $753,000 $1,205,000 

All Facilities $1,656,000 $604,000 $1,416,000 $1,785,000 $7,236,000 
Note: These costs are in future dollars, by column label year; therefore they will not sum up to the capital costs noted elsewhere in this Section. 

5.2.2 Operations and Maintenance Costs 
Operations and maintenance (O&M) costs were developed based on the following assumptions, see Table 
5-4 for a summary of the anticipated O&M costs for the first three years of operation. 

 Total annual equipment maintenance and repair costs were assumed to be one percent of the total 
capital cost, per Section E.4 of the Work Breakdown Structure-Based Cost Model for Biological 
Drinking Water Treatment. These costs do not include long-term equipment replacement but do 
include a 30% contingency unless otherwise noted. 

 Chemical cost budgetary quotes were obtained for two different chemical grade types (low grade 
2023 quote: $0.39/pound, high grade 2023 quote: $0.50/pound). The highest cost was used for 
the LCCA. The chemical demand estimate for each well station facility was based on average 
production in 2021 for the portion of the year a well station facility is typically operated (e.g., the 
smaller well station facilities are typically not used in the winter). Chemical costs include Spokane 
sales tax (nine percent) and a 30% contingency, unless otherwise noted. 
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 Labor costs were based on the Full-Time Equivalent (FTE) assumptions noted in Section 4 and 2023 
labor costs provided by the City and include a 30% contingency, unless otherwise noted. 

 Power costs were based on $0.10 per kWh for the sum of anticipated energy usage of all equipment 
at each well station, and include a 30% contingency, unless otherwise noted. 

 Operating and maintenance costs were escalated to 2028 dollars based on the projected inflation 
rates in Table 5-5 | Assumed LCCA Inflation Rate Projections. 
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Table 5-4 |Three-Year Operations and Maintenance Costs, 2028-2030 Dollars 

Well Station Facility 
No. 

Operating 
Months/Yr 

 Year 11 Year 21 Year 3 

Well Electric 12 

Equipment Operation $135,800 $136,100 $136,100 
Equipment Maintenance $46,100 $46,200 $46,200 
Power  $2,200 $2,300 $2,500 
Chemical2 $312,200 $292,300 $306,900 

Parkwater 12 

Equipment Operation $135,800 $136,100 $136,100 
Equipment Maintenance $49,100 $49,200 $49,200 
Power  $2,800 $2,900 $3,100 
Chemical $350,200 $367,700 $386,100 

Ray 8 

Equipment Operation $103,600 $103,800 $103,800 
Equipment Maintenance $45,300 $45,400 $45,400 
Power  $1,500 $1,600 $1,700 
Chemical $100,100 $105,100 $110,300 

Central 8 

Equipment Operation $103,600 $103,800 $103,800 
Equipment Maintenance $92,200 $46,200 $46,200 
Power  $1,500 $1,600 $1,700 
Chemical $88,000 $92,400 $97,000 

Grace/Nevada 8 

Equipment Operation $103,600 $103,800 $103,800 
Equipment Maintenance $45,700 $45,800 $45,800 
Power  $1,500 $1,600 $1,700 
Chemical $197,600 $207,500 $217,900 

Hoffman 8 

Equipment Operation $103,600 $103,800 $103,800 
Equipment Maintenance $44,500 $44,600 $44,600 
Power  $1,300 $1,400 $1,500 
Chemical $46,600 $48,900 $51,300 

Havana 12 

Equipment Operation $135,800 $136,100 $136,100 
Equipment Maintenance $48,100 $48,200 $48,200 
Power  $2,600 $2,700 $2,900 
Chemical $120,900 $127,000 $133,300 

All Facilities: High Range 
with 30% Contingency - TOTAL $2,421,800 $2,404,100 $2,467,000 

All Facilities: Low Range, 
No Contingency  TOTAL $1,862,900 $1,849,300 $1,897,700 

Notes: 
1. Costs do not include long-term equipment replacement. Labor costs were increased by 10% and 5% for the first and second years of 

operations, respectively, as staff become acquainted equipment operation and maintenance tasks.  
2. Chemical costs include Spokane sales tax (9%). 

5.2.3 Life Cycle Cost Analysis 
The LCCA is presented in Table 5-6 and is based on incorporating the previously developed capital and O&M 
costs along with the following assumptions and inflation projections. 
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 A 50-year life cycle. 

 10 percent of capital site improvements costs was included in the LCCA for every 20 years to allow 
for updates or retrofits to each site. 

 The LCCA includes estimated energy costs. 

 Electrical and controls equipment were assumed to require replacement every 10 years. All other 
equipment were assumed to require replacement every 20 years. 

 The 50-year discount rate was assumed to be equal to the variable inflation rates described below. 

 A 30 percent contingency was applied to the LCCA costs. 

 Spokane sales tax (nine percent) was applied to chemical and equipment replacement costs. A 30% 
contingency was applied to all costs. 

Inflation was projected at a variable rate for the next 50 years based on current and anticipated future 
market conditions, as shown in Table 5-5. 

Table 5-5 | Assumed LCCA Inflation Rate Projections 

Year Range Assumed LCCA Inflation 
Projection 

2023-2024 12.0% 
2024-2025 8.0% 
2025-2050 5.0% 
2050-2080 3.0% 

The 50-year costs shown in Table 5-6 represent the combined capital, operations, maintenance, and 
equipment replacement costs summed up over 50 years, but in 2023 dollars. The 50-year LCCA helps create 
an overall picture of how long-term facility costs compare to up-front capital costs. Non-capital costs are 
spread out over the 50-year period in the “Average 50-Yr Annual Operating” column, which represents an 
average yearly cost of operating and maintaining each facility. This value could be used for budgeting, 
though it should be escalated using the inflation rates in Table 5-5 to obtain future dollars for each 
budgetary year. 
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Table 5-6 | Class 3 LCCA, 2023 Dollars 

Well Station Facility 50-Year LCCA1 Average 50-Yr Annual Operating2 

Well Electric $18,893,000 $347,000 
Parkwater $22,111,000 $408,000 

Ray $11,121,000 $193,000 
Central $10,465,000 $179,000 

Grace/Nevada $14,896,000 $268,000 
Hoffman $8,987,000 $152,000 
Havana $13,314,000 $233,000 

Total $99,787,000 $1,780,000 
 
Notes: 

1. Includes capital costs. 
2. Does not include capital costs.  

5.2.4 Implementation Cost Summary 
An implementation cost summary, which includes initial capital and a range of anticipated yearly operating 
and maintenance costs for the first year of operation is presented in Table 5-7. Capital costs are shown in 
2023 dollars, but operations and maintenance costs have been escalated to 2028 dollars and include a 
year-one labor ramp-up factor of 10%. First year operations and maintenance costs are also shown with 
and without a 30% contingency to capture the uncertainty of the long-term costs. 

Table 5-7 | Cost Summary  

Well Station 
Facility 

2023  
Capital Cost 

Year 1 Cost to 
Operate: High 
Range1 (2028 

Dollars)2,4 

Year 1 Cost 
to Operate: 
Low Range3 

(2028 
Dollars)2,4 

Year 1 Cost to 
Maintain: High 
Range1 (2028 

Dollars)4 

Year 1 Cost 
to Maintain: 
Low Range3 

(2028 
Dollars)4 

Well Electric $1,548,000 $450,200 $346,300  $46,100 $35,500  

Parkwater $1,759,000 $488,800 $376,000  $49,100 $37,800  

Ray $1,501,000 $205,200 $157,800  $45,300 $34,800  

Central $1,545,000 $193,100 $148,500  $46,100 $35,500  

Grace/Nevada $1,519,000 $302,700 $232,800  $45,700 $35,200  

Hoffman $1,434,000 $151,500 $116,500  $44,500 $34,200  

Havana $1,694,000 $259,300 $199,500  $48,100 $37,000  

All Facilities $ 10,999,000 $2,050,800 $1,577,400  $324,900 $250,000  
Notes: 

1. High range costs include a 30% contingency. 
2. Includes power, chemical costs, and tax. 
3. Low range costs exclude the 30% contingency. 
4. Includes year 1 ramp-up on labor costs. 
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Water System Design Manual     
DOH 331-123, October  2019    339 

 

Appendix A.3.1  General Project Report Checklist 

Include the following information in the project report, as applicable to the project and 
water system’s planning status. See Chapter 2, including the project development 
flowcharts therein, and WAC 246-290-110 and -120 for further design guidance and 
requirements. 

¨ The signed and dated stamp of a Washington state-licensed professional engineer. 
Federal facilities can have a PE from any state, but still must have a PE stamp.  

¨ Narrative discussion that establishes the need for the project. It should include a 
construction schedule for the recommended alternative, project cost, and method of 
financing. Also, indicate the relationship of the project to the currently approved water 
system plan or one in the process of being prepared or updated.  

¨ Alternatives analysis and rationale for selecting the proposed project. It should include 
an evaluation of life cycle costs, including initial capital costs and on-going operations 
and maintenance costs. 

¨ Appropriate planning elements: Cite appropriate reference in an approved water system 
plan, prepare an amended water system plan, or include as part of the project report. 

¨ Capacity analysis if seeking a change in the number of approved service connections. 
Include rationale and calculations to justify total number of service connections and 
equivalent residential units (ERUs). The analysis should identify the number of 
residential, industrial, commercial, and municipal connections the water system now 
serves. If the water system seeks to increase its approved number of connections 
through construction of new facilities, document water system plan approval status. 

¨ Water Right Self-Assessment Form must be completed for new sources and all projects 
that increase the approved number of connections. 

¨ Hydraulic analysis that demonstrates the ability of the project to supply minimum 
pressure requirements during peak flows and fire events. The analysis should include a 
narrative discussion that describes the hydraulic analysis method, explains critical 
assumptions, and summarizes the effect of the proposed expansion on the existing 
water system. 

¨ Measures to protect against vandalism. 

¨ Disinfection procedures according to AWWA or APWA/WSDOT standards and a 
narrative discussion on how the project will be disinfected and tested prior to use. 

¨ Provisions to discharge water to waste including description of how wastewater is 
disposed, and documentation that procedures are acceptable to the Department of 
Ecology and local authorities. 

¨ Routine and preventive operations and maintenance tasks and their frequency, and the 
role of a certified operator in completing them. 
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Introduction 

The City of Spokane’s (City’s) priority is continuing to deliver safe, high-quality drinking water to 

its residents with efficient operations, while keeping rates affordable for the community. To inform 

future decisions, the City is completing a feasibility study to better understand the costs and 

implementation steps associated with providing fluoridated water to the community. The study is 

fully paid for by  grant funds and builds off previous feasibility studies conducted in 2004 and an 

update in 2016 which were high-level reviews of the permitting requirements, long-term 

operational/maintenance requirements, and capital improvements needed to fluoridate the 

water system. This report is a condition assessment of the City’s well stations which is intended to 

establish a foundation for the upcoming fluoridation alternatives analysis and preliminary design. 

The City owns eight well station facilities that provide water supply for the entire water system. 

This condition assessment includes information on each facility’s site, facilities, equipment, and 

electrical and controls infrastructure as they are related to supporting a fluoridation system. The 

purpose of the assessment is to document the existing infrastructure at each facility in preparation 

for defining required retrofits for implementing fluoridation. 

A summary of the condition assessment report by site is shown in Table I-1. 
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Table I-1 | Condition Assessment Summary Matrix 

Assessment 
Category 

Well Electric Parkwater Ray Central Ave Grace Nevada Hoffman Havana 

Access: Adequate 
for Chemical 

Delivery? 

Yes, via Waterworks St. No 
through access for large 
vehicles. Turnarounds 

needed for large vehicles. 

Yes, via E Rutter Ave. There 
is adequate turnaround at 
the nearby end of Rutter 

Ave. 

Passes through Residential 
Zones. 

Passes through Residential 
Zones for one block. Pull 

through driveway provides 
turnaround for smaller 

delivery vehicles. 

Yes, via North Foothills 
Drive. Delivery vehicle 

turnaround is needed since 
only one driveway off North 

Foothills Drive. 

Yes, via the Water 
Department yard. Vehicle 

turnaround is provided 
within the Water 
Department yard. 

Passes through Residential 
Zones. No through access 

for large vehicles. A 
turnaround is needed for 

delivery vehicles. 

Passes through Residential 
Zones. Two site entrances 
provide turnarounds for 
large delivery vehicles. 

Security 

Site perimeter fencing 
exists up to Spokane 
Riverbank. Consider 

security cameras. 

Site perimeter fencing 
exists except along Rutter 

Avenue. North fence line is 
Felts Field perimeter 

security fencing. Consider 
security cameras. 

Consider fence upgrades. 
The electrical switch gear 

yard is fenced. Site 
perimeter fencing is only 3 

ft. tall.  

No site perimeter fencing. 
Electrical switchgear yard is 

fenced. Consider fence 
upgrades and security 

cameras. 

Only the back (southside) of 
the well station and 

electrical switch gear yard 
contain fencing. Consider 

fence upgrades and security 
cameras. 

Water Department yard 
fencing provides security. 

Unknown if Water 
Department yard contains 

security cameras. 

Only the back (northside) of 
the well station and 

electrical switch gear yard 
contain fencing. Consider 

fence upgrades and security 
cameras. 

Site perimeter fencing 
contains privacy slats. 

Electrical switchgear yard 
has separate fencing within 

site perimeter fencing. 
Consider security cameras. 

Space in Existing 
Facility for 

Fluoridation 
System?  

Potentially: Loading area 
adjacent to Cl room, tool 

room adjacent to well 
building, or existing Sodium 
Hypochlorite storage area. 

No 
No, unless future pump site 

can be used. 
No No No No 

With some changes to 
design 

Space onsite for 
new building? 

Yes Yes Yes No Yes Yes Yes Yes 

Building Code 
Notes 

Investigate soil conditions. 
Large penetrations may 
trigger lateral retrofit of 

building. Ensure proposed 
work does not affect load 

capacity of building. 

N/A; no space inside 
building. 

Investigate concrete beams 
under slab. 

N/A; no space inside 
building. 

N/A; no space inside 
building. 

N/A; no space inside 
building. 

N/A; no space inside 
building. 

N/A; building not 
constructed 

Adequate Power 
for Proposed 

System? 

Potentially; further 
evaluation required later in 

design. Onsite power 
available at this site. 

Potentially; further 
evaluation required later in 

design. 

Lighting panel is full. Main 
panelboard has capacity. 

Potentially; further 
evaluation required later in 

design. 

Most likely no; additional 
capacity required. 

Potentially; further 
evaluation required later in 

design. 

Potentially; further 
evaluation required later in 

design. 
Not evaluated 

Emergency Backup 
Power? 

Yes, but cannot be used for 
new electrical loads. 

No No No No No No Yes 

PLC Capacity and 
Expansion 

Existing spare I/O cannot 
accommodate, but spare 

slots may. 

Existing spare I/O cannot 
accommodate, but spare 

slots may. 

No capacity available. 
Additional PLC likely 

required. 

No capacity available. 
Additional PLC likely 

required. 

Existing spare I/O cannot 
accommodate, but spare 

slots may. 

Existing spare I/O cannot 
accommodate, but spare 

slots may. 

No capacity available. 
Additional PLC likely 

required. 
Not evaluated 

Station Service 
Voltage 

120/240 120/208 120/208 120/240 120/208 120/208 120/208 120/240 
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Site Overview 

Each of the City’s well facilities have unique sites with varying building size and layout due to them 
being constructed over at different eras with different water production requirements. Zoning, 
security, and access vary between well stations. Details are provided in the Existing Facilities 
section 

Mechanical Overview 

Most of the City’s wells are caisson-style with one or more vertical turbine pumps in each well (see 
Existing Facilities section for details and exceptions). The City currently utilizes gaseous chlorine 
for treatment, which is stored in 150-pound bottles (though the Parkwater Well Station uses a 1-
ton cylinder) and injected as a chlorine solution at the bottom of each pump. Flow metering 
typically occurs via magnetic flow meter in an underground vault downstream of each well.  

The City's pressure zones are divided into three major groups named by the lowest parent zone 
connected to the City's wells: the "Low System," the "Intermediate System," and the "North Hill 
System". The Existing Facilities section documents which system is served by each well. 

Structural Overview 

Most of the City’s well stations were constructed between 1895 and 1960, though the Central 
Avenue facilities were upgraded between 2016 and 2019 and the future Havana station was under 
construction during the time of this assessment. The primary construction types for the well 
station buildings include unreinforced brick masonry (URM), concrete masonry unit (CMU), and 
concrete. Most of the sites did not appear to have enough space for a fluoridation system inside 
the buildings, so it is likely that new enclosures will be constructed on each site for the retrofit. 
The Well Electric and Ray Well Stations appeared to have potential to fit a new fluoridation system 
within the existing buildings on site; however, further investigation is still required at those sites 
to verify the existing infrastructure can accommodate the proposed fluoridation systems. 

Electrical, Instrumentation & Controls, and Telemetry 
Overview 

A new fluoride system would require additional Input/Output (I/O) channels to monitor the system 
and communicate with the control center, similar to the existing equipment. The I/O quantity will 
be dependent on the number of well pumps at a site. It is anticipated that fluoride I/O 
requirements will be similar to the requirements for the chlorination system at each site, and will 
include pump run status, chemical weight and/or volume, chemical concentration in the header 
to each pressure zone, and alarms related to equipment failure or chemical spills or leakage. Ability 
to control the system remotely (in addition to monitoring) would result in additional 
requirements. 

Preliminary estimated I/O requirements are listed in Table I-2. 
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Table I-2 | I/O Quantity Estimate 

Fluoridation System I/O Digital Inputs Digital Outputs Analog Inputs 

Dosing pump run  1 per pump  

Dosing pump running 1 per pump   

Dosing pump fail/trouble 1 per pump   

Fluoride Tank A level/weight 2 per site  1 per site 

Fluoride Tank B level/weight 2 per site  1 per site 

Fluoride concentration at header   1 per pressure zone 

Fluoride system leak  2 per site 1 per site 

Other controls  2 per site  

 
Based on the projected additional I/O requirements of a fluoridation system, most of the existing 
Programmable Logic Controllers (PLCs) do not have enough additional I/O spares and would 
require modification to support additional equipment.  

A site summary spreadsheet comparing the amount of spare I/O at each site with the anticipated 
amount of I/O for a fluoridation system at each site is attached in Appendix A. 

With the exception of Nevada Well's PLC which is hardwired to Grace Well Station’s PLC, and the 
Remote Terminal Units (RTUs) at Well Electric Well Station, All RTU sites communicate to the 
Master Terminal Unit (MTU) at Well Electric Well Station through 900 megahertz (MHz) ethernet 
radios manufactured by Microwave Data Systems Inc. (a GE company).  



Section 1
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Section 1  

Well Electric Well Station 

The Well Electric Well Station, located at the City’s Upriver Dam facility, which is north of the Felts 
Field Airport, serves three different pressure zones from four operating pumps and two wells 
(Wells 4 and 5). For parts of the year, the wells experience the influence of the Spokane River, 
which is extremely close to the site, so the wells are operated seasonally. The Well 4 and 5 building 
was constructed in 1925 and the pumps are partially powered by the facility’s hydroelectric 
generators. The City’s system MTU and central control room are located at the same site. 

1.1 Existing Site – Summary 

1.1.1 Parcel Information and Access 

The Well Electric Well Station is located southwest of the City's hydroelectric Upriver Dam (south 
of the Spokane River), and on the same site as the City's central control room for all water facilities 
and the Upriver hydroelectric facility. The facility address is 2701 N Waterworks Street, Spokane, 
WA 99212.  

The figure in Appendix B highlights the building and well location, as well as existing yard piping. 
The parcel (number 35111) is zoned for Light Industrial use (LI zoning). The site is also used for 
City vehicle storage and equipment maintenance. 

The parcel is 56.3 acres (which includes the dam and associated river area) and slopes up away 
from the riverbank to the south edge of the parcel. Access is intended to accommodate trucks for 
chemical and equipment delivery. The well station site can only be accessed from N Waterworks 
Street, since this street dead ends at the adjacent Spokane Police Academy training facility, which 
is northeast of the Well Electric Well Station site. 

The main access into the Well Electric Well Station site is at the southeast side of the parcel at a 
gated driveway that leads to the Upriver Hydroelectric and Waterworks Project Interpretive 
Center office with adjacent visitor parking. The other access into the Well Electric Well Station site 
is at the southwest side of the parcel at a gated driveway that leads to and is adjacent to the 
southwest side of the “L” shaped well station building. which houses Well 4 and 5. This site access 
road connects to the main entrance driveway near the small parking lot at the interpretive center’s 
office. There is an upper (i.e., in elevation) gravel roadway running through the City’s planned 
future wellfield that connects these two site entrance roadways and provides access to the site’s 
electrical transformers. These roads provide adequate vehicular access to the Well Electric Well 
Station site.  
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The southwest access road wraps around the east side of the Well 4 and Well 5 building addition 
with a tight turning radius that likely limits vehicular through access to Class 4 (14, 001 to 16,000 
pound) vehicles which have two axels. Larger classes of vehicles would likely not be able to use 
this through access. Areas for larger classes of product delivery types of trucks is limited since 
there are no designated turnaround areas along this southwest access route. However, 
turnarounds could be completed by smaller classes of delivery trucks if City staff vehicles are 
moved from two parking areas adjacent to this through route. See Well Electric Well Station Site 
Plan in Appendix B. 

1.1.2 Site Security 

The Well Electric Well Station site is surrounded by a 6-foot-tall chain link perimeter fence that is 
in good condition. There is no barb wire along the top of the perimeter fence, nor are there any 
privacy slats within the chain link fence fabric. The perimeter fence south of the L-shaped building 
has a gap that is spanned by a hedge row. The perimeter fencing is parallel to and is on the 
northwest side of N Waterworks Street and then angles towards the Spokane River at the 
northeast and southwest corners of the site. There is no perimeter fencing along the Spokane 
River. 

The main entrance at the northeast corner of the Well Electric Well Station site has an electric 
slide gate with an entrance card reader for gate operation. This gate typically remains open during 
business hours. The secondary entrance at the southwest corner of the Well Electric Well Station 
site has a 16-foot-wide swing gate that remains locked during all hours for site security. The Well 
Electric Well Station site fencing and gates provide fair security for the facility. 

1.1.3 Pressure Zones Served 

The City's 21 pressure zones are divided into three major groups named by the lowest parent zone 
connected to the City's wells: the "Low System," the "Intermediate System," and the "North Hill 
System". The Well Electric Well Station facility serves all three major parent zones. Detailed 
information on how each well pump serves the distribution system is shown in Table 1-1. The 
North Hill transmission main and one of the Low transmission branches run northwest across the 
Spokane River. 
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Table 1-1 | Well Electric Well Station Pump Transmission Summary 

Pump No. Well No. Zone Served Transmission Main Size 

1 5 Intermediate 
30-inch 

(see Appendix B) 

2 5 North Hill 
36-inch (same outgoing main as 

pump 4) 

3 5 Low 
36-inch, 30-inch, and 42-inch  

(see Appendix B) 

4 4 North Hill 
36-inch (same outgoing main as 

pump 2) 

5 Out of service indefinitely   

6 Out of service indefinitely   

 

1.2 Existing Facility Summary – Structural 

1.2.1 Description of Structures 

The original building constructed at the Well Electric Well Station site was constructed in 1895 
using unreinforced brick masonry. The addition to the original building that encompasses Wells 4 
and 5 was constructed in 1925 using unreinforced brick masonry for the walls, but also used 
concrete columns to support the steel roof framing (see Figure 1-1). 

Figure 1-1 | Well Electric Well Station – Wells 4 and 5 Building Addition 

 

All the construction at the site appears to use unreinforced masonry. Unreinforced masonry is the 
use of masonry without any steel reinforcing needed to provide tension capacity in a structure. 
For URM, typically two courses of brick are laid side by side with a ‘header’ course every six to 
eight layers of brick, which is oriented perpendicular to the layers in-between. This ‘header’ course 
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is the simplest way to visually determine if brick masonry is unreinforced (see Figure 1-2 below). 
This type of construction has very low capacity for lateral loads caused by wind or earthquakes. 

Figure 1-2 | Well Electric Well Station – Unreinforced Masonry ‘Header’ Course 

 

The structures on-site appeared to be in fair condition. Due to the age of the building, settlement 
over time, and concrete shrinkage, several minor cracks have propagated throughout the facility.  

Structural steel in the buildings appeared to be in fair condition, but closer inspection was difficult 
as it was typically high and far away for visual observation. 

1.2.2 Building Code Requirements 

Well Electric Well Station was one of the few sites that appears to have enough available square 
footage to add a fluoridation system inside the existing buildings. Multiple locations in the building 
were deemed as feasible, but further investigation is required structurally in those locations, 
mainly to determine soil conditions underneath where the system would be placed. When 
performing work on existing structures, a general guideline is a “do no harm” policy to make sure 
that work performed on an existing structure does not affect the load capacity of the building. 
Several of the proposed locations could impact the structure if penetrations are required in the 
walls. Per the International Existing Building Code (IEBC) Section 807 (assuming a Level 2 
alteration), it is likely that creating large penetrations in the walls to get equipment in place could 
trigger a full building lateral retrofit.  

1.3 Existing Mechanical Plan 

Two caisson-style wells (Wells 4 and 5) are housed in the southeastern building at the Well 
Electric/Upriver Dam site. A summary of the 6 pumps is shown in Table 1-2. Magnetic Flow Meters 
installed on discharge mains for Pumps 1 and 3 are located inside the building. Because Pumps 2 
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and 4 both serve the North Hill System, flow metering is combined for these two pumps and is 
located in an underground vault northeast of the building after the two discharge mains meet. 
Flow metering is shown in the figures in Appendix B. The appendix also includes photos of the 
facility. 

Table 1-2 | Well Electric Well Station Pump Summary 

Pump 
No. 

Well 
No. 

Pump  
Type 

Horsepower 
Design Flow 

(gpm) 
Design Head 

(ft) 
Notes 

1 5 
Byron Jackson 

Vertical Turbine 
900 7,550 415  

2 5 De Laval Split Case 900 8,330 320  

3 5 
Goulds Vertical 

Turbine 
1,000 13,500 240  

4 4 
Flowserve Split 

Case 
900 8,000 319 

New pump to 
be installed 

2022 

5 4 
Out of service indefinitely 

6 4 

 
The Well Electric Well Station Chlorine room is located northwest of the well building as shown in 
Appendix B. The gaseous chlorine is mixed with water from the distribution system and injected 
at each pump suction bell in the well caisson, except for Well Pump 2, where chlorine injection 
occurs in the pump suction line aboveground as shown in Appendix B. 

Free chlorine residual is continuously monitored by one Hach CL17 analyzer for each pressure 
zone. Samples are taken from the pump discharge pipes inside the building prior to the pipes 
entering the pipe tunnel. The locations of the chlorine analyzers are on the upper level as shown 
in the building layout plan in Appendix B. One of the four CL17 analyzers does not appear to be 
operational, and the three operational analyzers monitor the Low, Intermediate, and North Hill 
pressure zones. Each Hach CL17 chlorine analyzer requires 1-3 gallons per minute (gpm) of 
continuous sample flow. The CL17 is a colorimetric analyzer which adds a small amount of reagent 
to the sample; thus, the sample is drained to sanitary sewer. 

1.4 Existing Facility Summary – Electrical 

1.4.1 Power Feed and Supply Capacity 

Well Electric Well Station can generate its own power from its onsite hydroelectric generators, but 
power is supplemented by the local utility, Avista. A one-line diagram of the medium voltage 
distribution system is shown below. 
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1.4.2 Motor Control Centers and Panelboards 

The 2400-volt (V) Motor Control Centers (MCC) currently serves four well pumps on a 1200-amp 
bus. Each pump operates on a soft starter. There is an MCC section containing a station service 
transformer and a 225 amp, 120/240V panelboard, labeled Panel A. 

A one-line diagram of the motor control center and its surrounding distribution equipment is 
shown in Figure 1-4. 

Figure 1-4 | Well Electric Well Station MCC One-Line Diagram 

 

Well Electric Well Station has eight low voltage (120/240V) panelboards: 

1. Panel 1 – Located in the Well 4/5 room by the door closest to the main entrance. 

2. Panel 2 – Located in the Well 4/5 room at the base of the mezzanine stairs. 

3. Panel 3 – Located in the garage bay adjacent to the chlorine room. 

4. Heater subpanel – Located next to Panel 3. 

5. UPS and Battery Charger subpanel – Located in the storage room between the Well 4/5 
room and offices. 

6. Generator Panel – Located near the 100-kilowatt (kW) emergency generator.  
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7. High Lag Panel – Located outside the offices, under the stairs leading up to the second-
floor storage room. 

8. Station Service Panel A – Located in the Pump MCC. 

A site plan showing the locations of the eight panels is shown in Figure 1-5. 

Figure 1-5 | Well Electric Well Station Electrical Panel Locations 

 

Electrical capacity information for each panelboard is shown in Table 1-3. 
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Table 1-3 | Well Electric Well Station Panelboard Information 

Well Electric Main breaker? 
Spare 

breakers 
available? 

Space 
available for 

new 
breakers? 

Notes 

Panel 1 
Unknown size, looks like 

100 amp 
Yes (3) No 

Spares are in 
subpanel. 

Panel 2 100 amp 
Maybe 

circuits 13 
and 14 

No  

Panel 3 
Unknown size, looks like 

100 amp 
Maybe 

circuit 14 
No  

Heater Subpanel No No 
Yes (3 

spaces) 
 

UPS and Batt. Charger 
Subpanel 

No No 
Yes (6 

spaces) 
 

Generator Panel 60 amp No 
No (see 
notes) 

Panel is at 
capacity. 

High Lag Panel No Yes (2) 
Yes (25 
spaces) 

 

Station Service Panel A No Yes No 
240V only. 
120V not 
available. 

 
Based on the availability of spare breakers and spaces for additional breakers, Panel 1 and the High 
Lag Panel are the best candidates for accommodating the fluoridation system should the new 
equipment require 120V or 240V loads. 

Once enough information on the fluoridation equipment’s location and electrical load are 
determined, prospective sources of power from existing panelboards may be finalized. A 30-day 
load measurement should be performed at any prospective panelboards to verify the panelboards 
can support the anticipated electrical load of the fluoridation system. 

1.4.3 Emergency Backup Generators Capacity 

Well Electric Well Station is the only operational well site with an emergency backup generator. 
The backup generator is rated at 100 kW and supplies power to a 60 amp, 120/140V panelboard 
which primarily powers the server room equipment and the generator’s battery charger. The 
generator and its panel do not have the capacity to support additional loads. 
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1.5 Existing Facility Summary – I&C 

1.5.1 Existing Hardware and Software Platforms 

The City water supervisory control and data acquisition (SCADA) system’s MTU resides at Well 
Electric Well Station. It comprises an Allen Bradley ControlLogix L72 processor and two Ethernet/IP 
modules on a 4-slot rack. Located physically next to the MTU are a redundant pair of servers 
running Wonderware/AVEVA Human Machine Interface (HMI) software in a server cabinet. 

There are two RTU PLCs at Well Electric Well Station: 

1. The Well Pump PLC, located at the Well 4/5 room’s mezzanine, is an Allen-Bradley 
MicroLogix 1100 with 10 discrete inputs and 6 discrete outputs on board, and two 8-
channel analog input modules leaving room for two additional modules. This PLC monitors 
the four well pumps around Wells 4 and 5, discharge pressures at certain areas of the 
system, a flood detection system, and an intrusion system. Flow meter signals 
(instantaneous and totalized) at each of the four pumps are transmitted through a HART-
to-Ethernet/IP gateway (Prosoft part number 5228-DFNT-HART). No controls are 
performed at this PLC. This PLC control panel has a Schneider Electric Magelis local HMI. 

2. The Chlorination System PLC, located outside of the Chlorine Room, manages monitoring, 

alarming, and control for the chlorination system. The PLC is an Allen-Bradley MicroLogix 

1100 with 10 discrete inputs and 6 discrete outputs on board, and one 4-channel analog 

input modules leaving room for three additional modules. No controls are performed at 

this PLC. This PLC control panel does not have a local HMI. 

1.5.2 Telemetry 

The MTU and central control room is located at Well Electric Well Station, so wireless telemetry is 
likely not required for expansion at this site. Any fluoridation equipment installed at this site with 
a PLC can be connected directly to the MTU over copper-based Ethernet cable. 

1.5.3 Expansion Options for Additional Monitoring and Controls 

At the time this report was written, the existing PLCs have the following quantities of spare I/O 
(see Table 1-4): 

Table 1-4 | Existing PLC Spare I/O 

 Digital Inputs Digital Outputs Analog Inputs Analog Outputs 

Well Pump 4 6 2 0 

Chlorination 5 6 3 0 
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Section 2  

Parkwater Well Station 

2.1 Existing Site – Summary 

The Parkwater Well Station was constructed in 1947 out of concrete and serves two pressure 
zones via eight pumps and four wells. It is located southwest of the Felts Field Airport and its 
transmission mains connect directly to several of the Well Electric Well Station transmission mains 
to the north.  

2.1.1 Parcel Information and Access 

The Parkwater Well Station is located at 5317 E Rutter Avenue, Spokane, WA, 99212. The well 
station site can be accessed from westbound E Rutter Avenue, or from eastbound E Rutter Avenue 
which is the arterial that provides access to Felts Field airport. 

The site plan in Appendix C highlights the building and well location, as well as existing yard piping. 
The parcel (number 35114.2501) is zoned for Light Industrial use (LI zoning). The parcel is 0.68 
acres. 

The Parkwater Well Station building structure sits approximately 10 feet from E Rutter Avenue’s 
westbound lanes concrete curb and gutter. Unmarked streetside parking is available along the 
westbound lane of the E Rutter Avenue curb. There is an adjacent sidewalk along E Rutter Avenue 
with concrete walkways that lead to two sets of large double doors that provide access into the 
well station for large equipment to pass through. A single door with hazardous materials warning 
signs provides City staff adequate access into the well station building. There are concrete 
driveways (i.e., curb drops) at each of these access doorways. Bollards in front of the double doors 
prevent vehicles from blocking the double doors and unlawful entrance into the Parkwater Well 
Station.  

Vehicle access around to the backside, or north side of the Parkwater Well Station is through 
double swing gates that are 8 feet in width each. This singular vehicle access is at the northeast 
corner of the parcel and provides paved access from the back of sidewalk to the gate which 
remains locked, until access is required to the backside of the building where chlorine gas canisters 
are delivered. Therefore, vehicle access to the front and back sides of the Parkwater Well Station 
site is good. See Parkwater Well Station site plan in Appendix C. 

A likely delivery route to the Parkwater Well Station is shown in Appendix C. The route is along 
Rutter Avenue from Fancher Road via Trent Avenue (SR 920). This delivery route passes only three 
residential parcels. The haul route is mostly along industrial zoned and commercial zoned parcels.  
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2.1.2 Site Security 

The Parkwater Well Station’s east and south sides of the parcel are surrounded by a 6-foot-tall 
chain link perimeter fence that does not contain a top rail. There is no barb wire along the top of 
these sections of perimeter fencing, nor are there any privacy slats within the chain link fence 
fabric. At the southwest corner of the parcel, the perimeter fencing terminates at the Felts Field 
airport perimeter security fence and extends to the southwest corner of the Parkwater Well 
Station building. The well station sites perimeter fencing on the east side of the parcel terminates 
at the northeast corner of the Parkwater Well Station building and extends to the east parcel line 
at a corner fence post. This perimeter fencing then extends northward along the parcel’s east 
boundary line.  

There is airfield security fencing on the west side and north sides of the Parkwater Well Station 
parcel. This airfield fencing consists of a 6-foot-tall chain link fencing with a top rail, but no barb 
wire nor privacy slats. There are no access gates in the airfield security fencing that is adjacent to 
the Parkwater Well Station parcel’s north and west boundary lines. The Parkwater Well Station 
site fencing along with the airfield fencing provide good security for the facility. 

2.1.3 Pressure Zones Served 

The Parkwater Well Station serves the Intermediate Pressure Zone and the Low-Pressure Zone. 
Detailed information on how each well pump serves the distribution system is shown in Table 2-1. 
The transmission mains running north cross the Felts Field Airfield to connect to the Well Electric 
Well Station transmission mains.  

Table 2-1 | Parkwater Pump Transmission Summary 

Well No. Pumps Zone Served Transmission Main Size (in) 

1 1&2 Intermediate 20” upsizes to 24” 

2 3&4 Low 20” which splits to 42”, 30” and 18” 

3 5&6 Low 20” which splits to 42”, 30” and 18” 

4 7&8 Low 20” which splits to 42”, 30” and 18” 

 

2.2 Existing Facility Summary – Structural 

2.2.1 Description of Structures 

The original building constructed at the Parkwater site was constructed in 1947 per available 
existing drawings. The building was constructed with concrete from floor to ceiling (see Figure 
2-1).  
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Figure 2-1 | Parkwater – Concrete Walls, Columns, and Ceiling 

 

The structure on-site appeared to be in satisfactory condition. Due to the age of the building, 
settlement over time, and concrete shrinkage, a few minor cracks have propagated throughout 
the facility.  

2.2.2 Building Code Requirements 

While on-site, it was determined that there was not enough space inside the existing facility to 
incorporate a new fluoridation system. This site would require a new fluoridation system to be 
placed nearby outside the building with a new enclosure around it. This new enclosure would need 
to meet all requirements under the current International Building Code (IBC).  

2.3 Existing Mechanical Plan 

The Parkwater Well Station houses four caisson-style wells and eight vertical turbine pumps (see 
Table 2-2). Each pump has its own flow meter installed in underground vaults northwest of the 
building, as shown in Appendix C. 
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Table 2-2 | Parkwater Pump Summary 

Pump No. Well No. Pump Manufacturer Horsepower Design Flow (gpm) 
Design Head 

(ft) 

1 1 Fairbanks-Morse 900 7,000 415 

2 1 Flowserve 1,000 7,500 450 

3 2 Fairbanks-Morse 900 8,000 247 

4 2 Goulds 900 8,000 249 

5 3 Fairbanks-Morse 600 8,000 247 

6 3 Trillium/Floway 600 8,000 243 

7 4 Fairbanks-Morse 600 8,000 247 

8 4 Trillium 600 8,000 243 

 
The Parkwater chlorine room is located on the northwest side of the building as shown in the 
figures in Appendix C. The gaseous chlorine is mixed with water from the distribution system and 
injected at each pump suction bell in the well caisson. 

Free chlorine residual is continuously monitored by one Hach CL17 analyzer for each pressure 
zone, for a total of two analyzers. Representative samples are taken from the low and intermediate 
pressure zones. Samples are taken from below grade vaults in the yard and run back to chlorine 
residual monitors in the building. The location of the sample taps is shown in the building layout 
plan in Appendix C and the locations of the Chlorine monitors are shown in the site plan in 
Appendix C. Each Hach CL17 chlorine analyzer requires 1-3 gpm of continuous sample flow. The 
CL17 is a colorimetric analyzer which adds a small amount of reagent to the sample; thus, the 
sample is drained to sanitary sewer.  

2.4 Existing Facility Summary – Electrical  

2.4.1 Power Feed and Supply Capacity 

Parkwater’s electrical supply comes from a 2.3 kilovolt (kV) 2000 A feeder within the Switch Yard 
No. 1 Unit Substation. A one-line diagram of the medium voltage distribution system is shown in 
Section 1.4.1. 

2.4.2 Motor Control Centers (MCC) and Panelboards 

Parkwater has two MCCs that both operate on a 1200-amp bus at 2400V. Each MCC has a station 
service disconnect switch. One MCC powers Pumps 1 through 4 and the other powers Pumps 5 
through 8. There is a tie breaker between the MCCs that is normally open. 

Parkwater has three station service panelboards: 

1. Panel A – Located on the exterior east wall of the chlorination room to the right of the 
MCC powering Pumps 5-8. 
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2. Panel B – Located adjacent to Panel A. 

3. Lighting Panel – Located next to the main entrance. 

Electrical capacity information for each panelboard is shown in Table 2-3. 

Table 2-3 | Parkwater Panelboard Information 

Parkwater Main breaker? 
Spare breakers 

available? 
Space available for 

new breakers? 
Notes 

Panel A No (200A bus) Yes (2) No 120/208V 

Panel B 200A No No  

Lighting Panel No (100A bus) Yes (1) No  

 
Between Panel A and the Lighting Panel there may be enough circuits to provide power to a new 
fluoridation system, but further information on the fluoridation system’s electrical load 
requirements, as well as measured load data at these panels, are needed to make a determination. 

2.5 Existing Facility Summary – I&C 

2.5.1 Existing Hardware and Software Platforms 

The Parkwater PLC is an Allen-Bradley 1747-L552C SLC 5/05 in a 10-slot rack with two slots 
available. This PLC control panel has a Schneider Electric Magelis local HMI. Flow meter signals 
(instantaneous and totalized) at each of the eight pumps are transmitted through a HART-to-
Ethernet/IP gateway (Prosoft part number 5228-DFNT-HART).  

2.5.2 Telemetry 

Parkwater communicates to the MTU at Well Electric Well Station with a 900 MHz radio. 

2.5.3 Expansion Options for Additional Monitoring and Controls 

The Parkwater PLC has the following quantities of spare I/O and has space for two more I/O 
modules (see Table 2-4): 

Table 2-4 | Existing PLC Spare I/O 

 Digital Inputs Digital Outputs Analog Inputs Analog Outputs 

Parkwater 2 0 18 0 
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Section 3  

Ray Street Well Station 

The Ray Street Well Station, located in the City’s East Central residential neighborhood, was 
constructed in 1937. It serves one pressure zone via two wells and three pumps. 

3.1 Existing Site – Summary 

3.1.1 Parcel Information and Access 

The Ray Street Well Station is located at 607 S Ray Street, Spokane, WA. The well station site is 
located northeast of the intersection of W Hartson Avenue and S Ray Street are local residential 
access streets. This street intersection where the Ray Street Well Station is located is within the 
City’s East Central residential neighborhood. 

Vehicle access into the Ray Street Well Station site is rated fair since there is only one 10-foot-
wide concrete driveway from S Ray Street. The concrete driveway (i.e., curb drop) through the 
adjacent concrete sidewalk provides access to a one-way concrete pathway 10-foot in width to 
the front coil roll-up door with man door that leads into the Ray Street Well Station building. There 
is no vehicular turn around at the end of the concrete pathway. Also, there are no other driveways 
or roads providing access through the Ray Street Well Station site. The site plan in Appendix D 
highlights the building and well location, as well as existing yard piping. The parcel (number 
35222.0001) is zoned for Residential Two-Family use (RTF zoning). The parcel is 1.90 acres. 

A likely delivery route to the Ray Street Well Station is shown in Appendix D. The route is along 
Thor Street from 3rd Avenue via Interstate 90. This delivery route passes many residential zoned 
parcels along 3rd Avenue and Thor Street with commercial zoned at the intersection of 3rd Avenue 
and Thor Street. The portion of the haul route on Hartson Avenue and Ray Street is along 
residential zoned parcels. 

3.1.2 Site Security 

The Ray Street Well Station site security is fair since there is a site perimeter fence around the site. 
However, the perimeter fence is only 40 inches tall and does not cross the concrete pathway to 
the building structure’s main access door. A taller site perimeter fence would likely prevent 
unauthorized access and vandalism. However, since the Ray Street Well Station site is in the City’s 
East Central neighborhood, site security perimeter fencing would likely exclude the property from 
the rest of the neighborhood. Also, a site perimeter security fence would result in an undesired 
visual presence for the East Central neighborhood who use the southeast corner of the Ray Street 
Well Station parcel as a community garden space. 
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There are two removable steel pipe bollards in front of the roll-up coiling garage style of door at 
the front of the Ray Street Well Station. These bollards provide a protective barrier that limits 
vehicle access through the door protecting the Ray Street Well Station and City staff inside the 
building structure. 

The high voltage switchyard that contains electrical service assets and transformers for the Ray 
Street Well Station has an 8-foot-tall perimeter fence with no barb wire along its top rail. There 
are no privacy slats in the chain link fence fabric. There are double swing gates on the north side 
of the high voltage switchyard’s perimeter fence which is in fair condition. There are high voltage 
warning signs posted on the north, east and south sides of the switchyard’s perimeter fence. The 
Ray Street Well Station site’s building structure frames the west side of the switchyard’s boundary. 

3.1.3 Pressure Zones Served 

The Ray Street Well Station serves the Intermediate Pressure Zone via 20-inch discharge mains 
that tee into the 36-inch transmission main on Ray Street.  

3.2 Existing Facility Summary – Structural 

3.2.1 Description of Structures 

The original building constructed at the Ray site was constructed in 1937 per available existing 
drawings. The building was constructed with unreinforced brick masonry walls above grade and a 
concrete foundation below grade. (see Figure 3-1). 
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Figure 3-1 | Ray – Unreinforced Masonry Walls and Concrete Foundation  
(Painted Yellow) 

 

The structure on-site appeared to be in fair condition. Due to the age of the building, settlement 
over time, and concrete shrinkage, several minor cracks have propagated throughout the facility.  

3.2.2 Building Code Requirements 

Ray was one of the few sites that appeared to have enough available square footage to add a 
fluoridation system inside the existing buildings. A portion of this available space would no longer 
be available if a future pump was installed next to pump No. 1. Some existing piping is in place that 
suggests a future pump has been planned for at this location. The currently available space was 
located in the southwest corner of the building. Large concrete beams are underneath the slab 
that appear to be capable of supporting the new system, but further investigation is required 
structurally to fully verify the capacity of the beams and what load they currently support. This 
location appears to require no major work to be performed at the site and would seemingly not 
trigger any IEBC full building retrofit criteria. The capacity of the beams would need to be verified 
per the IEBC. Additionally, the site has plenty of space to construct a nearby enclosure for the new 
fluoridation system. 
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3.3 Existing Mechanical Plan 

The Ray Well Station houses two caisson-style wells and three vertical turbine pumps (see Table 
3-1). Each pump has its own flow meter installed in underground vaults west of the building, as 
shown in Appendix D. 

Table 3-1 | Ray Street Pump Summary 

Pump No. Well No. Pump Manufacturer Horsepower Design Flow (gpm) Design Head (ft) 

1 1 Fairbanks-Morse 900 7,000 406 

2 2 Fairbanks-Morse 900 7,200 400 

3 2 Goulds 500 4,350 372 

 
The Ray Street chlorine room is located inside the well building on the upper level as shown in the 
figures in Appendix D. The gaseous chlorine is mixed with water from the distribution system and 
injected at each pump suction bell in the well caisson. 

Free chlorine residual is continuously monitored by one Hach CL17 analyzer because Ray Street 
feeds one pressure zone (Intermediate). The sample is taken from an unknown location in the yard 
and run back to chlorine residual monitor in the building via a 1-inch service line entering the 
northwest corner of the building. The location of the Chlorine monitor is shown in the building 
layout plan in Appendix D. Each Hach CL17 chlorine analyzer requires 1-3 gpm of continuous 
sample flow. The CL17 is a colorimetric analyzer which adds a small amount of reagent to the 
sample thus, the sample is drained to sanitary sewer. 

3.4 Existing Facility Summary – Electrical 

3.4.1 Power Feed and Supply Capacity 

The Ray Street Well Station is fed by a single utility feeder supplying power to a unit substation 
outside the rear side of the well building. The unit substation contains three feeders: two feeders 
each supply a 2000 kilovolt-Ampere (kVA) transformer and the third feeder supplies 120/208V 
station service power through a 30 kVA transformer. 

A one-line diagram of Ray Street Facility is shown in Figure 3-2. 
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Figure 3-2 | Ray Street One-Line Diagram 

 

3.4.2 Motor Control Centers (MCC) and Panelboards 

Dedicated MCCs for each pump are fed by disconnect switches in the switchyard. There is a spare 
2400V feeder if voltages larger than 208V are needed for the fluoridation system.  

Ray Well has two panelboards under station service: 

1. Main panelboard – Located at the lower level between Pumps 2 and 3. 

2. Lighting panel – Located above the stairs leading down to Pumps 1 and 2. 

Electrical capacity information for each panelboard is shown in Table 3-2. 
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Table 3-2 | Ray Street Panelboard Information 

Ray Main breaker? 
Spare breakers 

available? 
Space available for 

new breakers? 
Notes 

Main Panelboard 175A Yes (1) Yes (11) 120/208V 3-ph 

Lighting Panel 100A No No  

 
There may be enough circuits at the Main Panelboard to provide power to a new fluoridation 
system, but further information on the fluoridation system’s electrical load requirements, as well 
as measured load data at the Main Panelboard, are needed to make a determination. 

3.5 Existing Facility Summary – I&C 

3.5.1 Existing Hardware and Software Platforms 

The Ray PLC is an Allen-Bradley MicroLogix 1100 with three 4-channel analog input modules and 
one 16-channel discrete direct current (DC) input module. Module expansion is at capacity for this 
PLC. This PLC control panel has a Schneider Electric Magelis local HMI. Flow meter signals 
(instantaneous and totalized) at each of the three pumps are transmitted through a HART-to-
Ethernet/IP gateway (Prosoft part number 5228-DFNT-HART).  

3.5.2 Telemetry 

The Ray Street Well Station communicates to the MTU at Well Electric Well Station with a 900 
MHz radio. 

3.5.3 Expansion Options for Additional Monitoring and Controls 

The Ray PLC has the following quantities of spare I/O and has no space for more I/O modules, but 
the 4-channel analog input modules can be replaced with 8-channel analog input modules if 
needed (see Table 3-3). 

Table 3-3 | Existing PLC Spare I/O 

 Digital Inputs Digital Outputs Analog Inputs Analog Outputs 

Ray 14 0 1 0 
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Section 4  

Central Avenue Well Station 

The original Central Avenue Well Station was constructed in 1960 and consisted of three buildings: 
one for each well, and one control and chlorine building. New buildings for each well were 
constructed between 2016 and 2019. The well station serves one pressure zone via two wells and 
two pumps and is located in the City’s North Hill residential neighborhood. 

4.1 Existing Site – Summary 

4.1.1 Parcel Information and Access 

The Central Avenue Well Station is located at 5903 N Normandie Street, Spokane, WA. The well 
station site is located northwest of the intersection of W Central Avenue and N Normandie Street, 
which are urban minor collector and local access streets, respectively. This street intersection 
where the Central Avenue Well Station is located is within the City’s North Hill residential 
neighborhood. The site plan in Appendix E highlights the buildings and well locations, as well as 
existing yard piping. The parcel (number 36311.1406) is zoned for Residential Single-Family use 
(RSF zoning). The parcel is 0.35 acres. 

Vehicle access into the Central Avenue site is good since there is a 16-foot-wide circular drive from 
W Central Avenue to N Normandie Street. This quarter circle drive-through provides front door 
access to the older control building with chlorine room. There are also concrete driveways (i.e., 
curb drops) at each of the two well pump stations; one at the southwest corner of the site that 
provides vehicle access to well station #1 from W Central Avenue and the other at the northeast 
corner of the site that provides vehicle access to well station #2 from N Normandie Street. These 
16-foot-wide driveways provide access to the double doors on the east side of well station #1 and 
to the double doors on the south side of well station #2.  

Also, there is an alley that is accessible from W Central Avenue that provides access to the fenced 
high voltage yard that is in the northwest corner of the Central Avenue Well Station site. The alley 
way provides good access to the electrical service assets and transformers for the well station site. 
The utility pole with transformer is also located within the fenced high voltage yard. Vehicle access 
the yard by driving on the lawn to the gates in the high voltage yard’s perimeter fence. 

A likely delivery route to the Central Avenue Well Station is shown in Appendix E. The route is 
along Central Avenue from Division Street (Hwy 395) Drive. This delivery route passes one block 
of residential parcels. The haul route is along commercial zoned parcels that line Division Street. 
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4.1.2 Site Security 

The Central Avenue Well Station site security is poor since there is not a site perimeter fence to 
enclose the sites three building structures which are well station #1, well station #2, and the 
controls building with chlorine room. The site perimeter fence would prevent unauthorized access 
and vandalism. However, since the Central Avenue Well Station site is in the City’s North Hill 
neighborhood, site security perimeter fencing would likely exclude the property from the rest of 
the neighborhood. Also, a site perimeter security fence would result in an undesired visual 
presence for the North Hill neighborhood. 

The high voltage switchyard that contains electrical service disconnects and transformers for the 
Central Avenue Well Station has a 6-foot-tall perimeter fence with three strands of barb wire along 
its top rail. There are no privacy slats in the chain link fence fabric. There are double swing gates 
on the south side of the high voltage switchyard’s perimeter fence which is in fair condition. There 
are high voltage warning signs posted on the south and east sides of the switchyard’s perimeter 
fence. Arborvitae hedges line the west and north sides of the high voltage switchyard’s perimeter 
fence. The hedges provide privacy and visual appeal for the adjacent residences to the west and 
north of the Central Avenue Well Station site. 

4.1.3  Pressure Zones Served 

The Central Avenue Well Station serves the North Hill Pressure Zone via 24-inch discharge mains 
which both tee into two different 24-inch and 30-inch transmission mains. 

4.2 Existing Facility Summary – Structural 

4.2.1 Description of Structures 

The well buildings at the Central Ave site were constructed between 2016 and 2019 to replace the 
existing vaults over the wells and pumps. The original chlorine and control building was still in 
operation, which was constructed in 1960. The two new well buildings were constructed using 
CMU walls and a timber framed roof. CMUs, sometimes called cinder blocks, are much more 
standard for modern masonry construction. The CMUs are staggered, similar to typical brick 
construction, so the holes overlap with CMU layers above and below. Reinforcing can be ran 
through all the layers of CMU to tie the wall together and provide tension capacity in the wall. 
However, not all CMU construction uses reinforcing. There is no visual way to tell with this type of 
construction, but noninvasive tools are available if further investigation is required. Due to the age 
of these buildings as well as available information in the plans, the well buildings on site are 
reinforced and designed to meet today’s code requirements. The figure below shows the CMU 
walls. 
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Figure 4-1 | Central Ave – CMU construction 

 

The structures on-site appeared to be in good condition. Minimal damage was observed at these 
relatively newer facilities.  

4.2.2 Building Code Requirements 

While on-site, it was determined that there was not enough space inside the existing facility to 
incorporate a new fluoridation system. This site would require a new fluoridation system to be 
placed nearby outside the buildings with a new enclosure around it. This new enclosure would 
need to meet all requirements under the current IBC. 

4.3 Existing Mechanical Plan 

Two caisson wells, each with one vertical turbine pump (see Table 4-1), are housed in two different 
buildings on the Central Avenue site. Each pump has its own flow meter installed in underground 
vaults as shown in the site plan in Appendix E. 

Table 4-1 | Central Avenue Pump Summary 

Pump No. Well No. 
Pump  

Manufacturer 
Horsepower 

Design Flow  
(gpm) 

Design Head (ft) 

1 1 Goulds 900 8,000 355 

2 2 National Pump Company 900 8,000 355 

 
A separate building on the Central site, has a chemical room for the chlorine system as shown in 
the figures in Appendix E. The gaseous chlorine is mixed with water from the distribution system 
and injected at each pump suction bell in the well caisson. 
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Free chlorine residual is continuously monitored by one Hach CL17 analyzer for each pump, for a 
total of two analyzers. Both pumps serve the same zone but have separate headers. Samples are 
taken from unknown locations from pump discharge header pipes in the road and run back to 
chlorine residual monitors in their respective buildings. The locations of the chlorine monitors are 
shown in the building layout plan in Appendix E. Each Hach CL17 chlorine analyzer requires 1-3 
gpm of continuous sample flow. The CL17 is a colorimetric analyzer which adds a small amount of 
reagent to the sample; thus, the sample is drained to sanitary sewer. 

4.4 Existing Facility Summary – Electrical  

4.4.1 Power Feed and Supply Capacity 

Well pump power is supplied by a 2000 kVA pad mount dry transformer and disconnect switch in 
the switchyard. The disconnect feeds a 1200-amp MCC operating at 2400V. 

Station service power is supplied by a 75 kVA pole mounted transformer feeding a panelboard 
with a 300-amp bus and 400-amp main breaker. 

One-line diagrams of the well pumps and station service power are shown in Figure 4-2.  

Figure 4-2 | Central Avenue One-Line Diagram 
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4.4.2 Motor Control Centers (MCC) and Panelboards 

The MCC is a three section MCC located in the building between the two well pump buildings. The 
two well pump soft starters reside in this MCC. The MCC can potentially be expanded to the left if 
voltages larger than 240V are required for the fluoridation system. 

Central has three station service panelboards: 

1. Panel P1– Located in the main building between the two well pump buildings. 

2. Panel P2 – Located in the west pump building where Pump 1 resides. 

3. Panel P3 – Located in the east pump building where Pump 2 resides. 

4. Panels P2 and P3 are fed by Panel P1 with 90 amp 2-pole breakers. 

Electrical capacity information for each panelboard is shown in Table 4-2. 

Table 4-2 | Central Avenue Panelboard Information 

Central Main breaker? 
Spare breakers  

available? 
Space available for  

new breakers? 

Panel P1 
400A adjustable  

(300A bus) 
Yes (1) Yes (10) 

Panel P2 90A Yes (2) Yes (9) 

Panel P3 90A (125A bus) Yes (5) Yes (28) 

 
Based on the number of spare breakers and space for new breakers, Central Avenue Well Station 
has relatively abundant capacity to support a fluoridation system, but further information on the 
fluoridation system’s electrical load requirements, as well as measured load data at these 
panelboards, are needed to make a determination. 

4.5 Existing Facility Summary – I&C 

4.5.1 Existing Hardware and Software Platforms 

Central’s RTU PLC is an Allen-Bradley MicroLogix 1100 with two 4-channel analog input modules, 
one 16-channel discrete DC input module, and a 4-channel RTD module. Module expansion is at 
capacity for this PLC. This PLC control panel has a Schneider Electric Magelis local HMI. Flow meter 
signals (instantaneous and totalized) at each of the two pumps are transmitted through a HART-
to-Ethernet/IP gateway (Prosoft part number 5228-DFNT-HART). 

4.5.2 Telemetry 

The Central Avenue Well Station communicates to the MTU at Well Electric Well Station with a 
900 MHz radio. 
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4.5.3 Expansion Options for Additional Monitoring and Controls 

The Central Avenue Well Station PLC has the following quantities of spare I/O and has no space 
for more I/O modules, but the 4-channel analog input modules can be replaced with 8-channel 
analog input modules if needed (see Table 4-3): 

Table 4-3 | Existing PLC Spare I/O 

 Digital Inputs Digital Outputs Analog Inputs Analog Outputs 

Central 12 2 0 0 
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Section 5  

Grace Well Station 

The Grace Well Station serves one pressure zone via two wells and two pumps and is located east 
of the City’s Water Department building. The Nevada Well Station is also located at this site. The 
Grace Well Station was constructed in 1949.  

5.1 Existing Site – Summary 

5.1.1 Parcel Information and Access 

The Grace Well Station is located at 1024 E North Foothills Drive, Spokane, WA. The Grace Well 
Station is located within the City’s water department yard that is southeast of the intersection of 
E North Foothills Drive and N Hamilton Street. The Grace Well Station site can be accessed only 
from E North Foothills Drive because water department yard perimeter fencing terminates at the 
northwest and southeast corners of the Grace Well Station building structure. This fencing blocks 
access into the Grace Well Station from the water department yard since there are doors only on 
the north side of the well station building. The man door and roll-up garage door face E North 
Foothills Drive. Site access is only fair since the water department yard perimeter fencing limits 
vehicle access to each the Grace Well Station. The site plan in Appendix F highlights the building 
and well location, as well as existing yard piping. The Grace Well Station is on the same parcel as 
the Nevada Well Station and the City Water Department (parcel number 35081.2802). The parcel 
is zoned as a Center and Corridor Type 1 Zone- Employment Center (CC1-EC). The parcel is 6.68 
acres. 

A likely delivery route to the Grace Well Station is shown in Appendix F. The route is along North 
Foothills Drive from the Ruby Street/Division Street couplet (Hwy 395). This delivery route passes 
only three residential parcels. The haul route is along industrial zoned and commercial zoned 
parcels. 

5.1.2 Site Security 

The Grace Well Station building does not have perimeter security fencing and its assessment rating 
is poor. Only the west and south sides of the well station building are within City water department 
yard fencing. Existing fencing on the west side of the Grace Well Station is 6 feet tall with three 
strands of wire with no barbs strung above the top fence rail. There are red vinyl privacy slats in 
the chain link fencing along E North Foothill Drive and in the chain link fencing that surrounds the 
transformer yard that is located northwest and adjacent to the Grace Well Station site. The water 
department fence on the south side of the Grace Well Station building is new fencing that is in 
excellent condition. This fencing is 6 feet tall with three strands of barb wire along its top rail. 
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There is also a locked man gate in the fencing where it terminates at the southeast corner of the 
well station building. This new fencing was installed as part of the Spokane Public Schools’ (SPS) 
new Yasuhara Middle School located east of the Grace Well Station.  

There is one fisheye security camera mounted on the southeast corner of the Grace Well Station 
building. The security camera is mounted approximately 12 feet above the ground surface. This 
(SPS) security camera provides a southeast view of the middle school parking lot that is along E 
North Foothills Drive. The security camera likely provides a limited view along the east boarder of 
the City’s water department yard south of the Grace Well Station building. 

5.1.3 Pressure Zones Served 

The Grace Well Station serves the North Hill Pressure Zone via 24-inch discharge mains that turn 
east into the 36-inch transmission main on Foothills Avenue. 

5.2 Existing Facility Summary – Structural 

5.2.1 Description of Structures 

The building at the Grace Well Station site was constructed in 1949 per available drawings. The 
building was constructed using CMU walls. It is unknown whether the walls contain reinforcing. 
The ceilings were very tall in this building and the framing appeared to be covered by plywood. It 
was difficult to confirm what was used for the roof framing, but the plywood may suggest that it 
was formwork for concrete that was never removed (see Figure 5-1). The building has a brick 
veneer on the outside, which only serves aesthetic purposes.  
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Figure 5-1 | Grace – CMU Walls and Unknown Ceiling 

 

The structure on-site appeared to be in fair condition. Due to the age of the building, settlement 
over time, and concrete shrinkage, several minor cracks have propagated throughout the facility. 
Under the main floor of the building, several beams span transversely across the floor. There was 
some spalling observed on one of the beams which has exposed bars and has allowed for corrosion 
of the reinforcing bars to take place (see Figure 5-2). 
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Figure 5-2 | Grace – CMU Walls and Unknown Ceiling 

 

5.2.2 Building Code Requirements 

This site has enough floor space to include a new fluoridation system, however there are concerns 
about the logistics of operating the overhead crane inside the building. Picks made by the crane 
would need to go up and over the new fluoridation equipment or over the existing pump 
equipment. The floor would also need to be evaluated for the required structural capacity to 
support the new fluoridation equipment. The floor spans over the wells below and is not 
supported by soil underneath. There may be potential to shore up the existing floor to support the 
new equipment. Without needing any penetrations in the walls, this site would not trigger any 
IEBC upgrades for the building. Additionally, the fluoridation equipment could be located in a new 
structure outside the building that is current with the IBC requirements. 

5.3 Existing Mechanical Plan 

The Grace Well Station houses one caisson-style well and two vertical turbine pumps (see Table 
5-1). Each pump has its own flow meter installed in an underground vault north of the building, as 
shown in Appendix F. 

Table 5-1 | Grace Pump Summary 

Pump No. Pump Manufacturer Horsepower Design Flow (gpm) Design Head (ft) 

1 Goulds 900 8,000 340 

2 Goulds 900 8,000 340 
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The Grace chlorine room is located inside the well building on the upper level as shown in the 
figures in Appendix F. The gaseous chlorine is mixed with water from the distribution system and 
injected at each pump suction bell in the well caisson. 

Free chlorine residual is continuously monitored by one Hach CL17 analyzer. The sample is taken 
from an unknown location in the pump discharge header pipe in the road and run back to chlorine 
residual monitor in the pump building via a 2-inch water service line. The location of the chlorine 
monitor is shown in the building layout plan in Appendix F. Each Hach CL17 chlorine analyzer 
requires 1-3 gpm of continuous sample flow. The CL17 is a colorimetric analyzer which adds a 
small amount of reagent to the sample; thus, the sample is drained to sanitary sewer.  

5.4 Existing Facility Summary – Electrical 

5.4.1 Power Feed and Supply Capacity 

The Grace Well Station MCC is powered through a 2000 kVA transformer and operates at 4160V. 
A 600 amp disconnect switch is installed at the transformer secondary. 

Station service power is supplied by a 30 kVA transformer and operates at 120-208V 3-phase. This 
transformer also feeds one of two station power feeders to the Nevada Well facility. A one-line 
diagram of the Grace facility is shown in Figure 5-3. 

Figure 5-3 | Grace One-Line Diagram 

 

5.4.2 Motor Control Centers (MCC) and Panelboards 

Grace Well Station has two well pumps installed and use soft starters in an MCC with a bus rating 
of 1200 amps. 
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Grace Well Station has one panelboard for station service power, located on the south wall 
adjacent to the pump MCC (see Table 5-2).  

Table 5-2 | Grace Panelboard Information 

Grace Main breaker? 
Spare breakers 

available? 
Space available for  

new breakers? 

Station Service Panel 100A (200A bus) Yes (1 20A) No 

 
With one spare breaker and no space for additional breakers, the existing panel likely does not 
have the capacity to support a fluoridation system, so a subpanel or further evaluation on an 
additional power source may be required. 

5.5 Existing Facility Summary – I&C 

5.5.1 Existing Hardware and Software Platforms 

Grace Well Station’s PLC is an Allen-Bradley MicroLogix 1100 with three 4-channel analog input 
modules leaving room for one additional module. This PLC control panel has a Schneider Electric 
Magelis local HMI. Flow meter signals (instantaneous and totalized) at each of the two pumps are 
transmitted through a HART-to-Ethernet/IP gateway (Prosoft part number 5228-DFNT-HART).  

5.5.2 Telemetry 

Grace Well Station communicates to the MTU at Well Electric Well Station with a 900 MHz radio. 
This radio also transmits data from Nevada Well Station. 

5.5.3 Expansion Options for Additional Monitoring and Controls 

The Grace Well Station PLC has the following quantities of spare I/O and has space for one more 
I/O module. The 4-channel analog input modules can be replaced with 8-channel analog input 
modules if needed (see Table 5-3): 

Table 5-3 | Existing PLC Spare I/O 

 Digital Inputs Digital Outputs Analog Inputs Analog Outputs 

Grace 1 2 7 0 
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Section 6  

Nevada Well Station 

The Nevada Well station serves one pressure zone via four pumps in one well. It was constructed 
in 1956 and is located at the City Water Department site, west of the Grace Well Station.  

6.1 Existing Site – Summary 

6.1.1 Parcel Information and Access 

The Nevada Well Station is located at 914 E North Foothills Drive, Spokane, WA. The Nevada Well 
Station is located within the City’s water department yard that is southeast of the intersection of 
E North Foothills Drive and N Hamilton Street. The Nevada Well Station site can only be accessed 
from within the City’s water department yard that has a driveway entrance from E North Foothills 
Drive. Vehicular and City staff access to the Nevada Well Station site good since there is more than 
44 feet of asphalt pavement on the west and south sides of the Nevada pump house and chlorine 
building that comprise the Nevada Well Station. The site plan in Appendix G highlights the building 
and well location, as well as existing yard piping. The Nevada Well Station is on the same parcel as 
the Grace Well Station and the City Water Department (parcel number 35081.2802). The parcel is 
zoned as a Center and Corridor Type 1 Zone- Employment Center (CC1-EC). The parcel is 6.68 
acres. 

A likely delivery route to the Nevada Well Station is shown in Appendix G. The route is along North 
Foothills Drive from the Ruby Street/Division Street couplet (Hwy 395). This delivery route passes 
only three residential parcels. The haul route is along industrial zoned and commercial zoned 
parcels. 

6.1.2 Site Security 

The Nevada Well Station lies within the water department’s yard. The water department yard has 
6 feet tall perimeter fencing with three strands of barb wire above the top rail and red vinyl privacy 
slats in the chain link fence fabric which provides good site security. The north side of the chlorine 
building is not within City water department yard site fencing. This north side of the chlorine 
building structure is adjacent to E North Foothill Drive. 

The Nevada Well Station is adjacent to and east of the main driveway entrance into the City’s 
water department yard off E North Foothills Drive. The gate at the main entrance is 30 feet wide 
minimum, with two slide gates that are manually operated. 
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6.1.3 Pressure Zones Served 

The Nevada Well Station serves the Low-Pressure Zone via 16-inch discharge mains that turn north 
into a 36-inch, and south into a 30-inch transmission main. 

6.2 Existing Facility Summary – Structural 

6.2.1 Description of Structures 

The building was constructed at the Nevada Ave site was constructed in 1956 per available 
drawings. The building was constructed using concrete for the walls and timber framing for the 
ceiling (see figure below). Several alterations have taken place over the years, including a pump 
house roof and hoist frame replacement in 2002. 

Figure 6-1 | Nevada – Concrete Walls and Timber Ceiling 

 

The structure on-site appeared to be in fair condition. Due to the age of the building, settlement 
over time, and concrete shrinkage, several minor cracks have propagated throughout the facility. 

6.2.2 Building Code Requirements 

While on-site, it was determined that there was not enough space inside the existing facility to 
incorporate a new fluoridation system. This site would require a new fluoridation system to be 
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placed nearby outside the buildings with a new enclosure around it. This new enclosure would 
need to meet all requirements under the current IBC.  

6.3 Existing Mechanical Plan 

The Nevada Well Station houses one caisson-style well and four pumps (see Table 6-1). Each pump 
has its own flow meter installed in an underground tunnel connected to the west side of the 
building, as shown in Appendix G. 

Table 6-1 | Nevada Pump Summary 

Pump No. Pump Manufacturer Horsepower Design Flow (gpm) Design Head (ft) 

1 Byron-Jackson-Submersibles 400 5,700 234 

2 Flowserve Vertical Turbine 800 9,800 250 

3 Flowserve Vertical Turbine 800 9,800 250 

4 Byron-Jackson-Submersibles 400 5,700 234 

 
The Nevada chlorine room is the northern, main level portion of the well building as shown in the 
figures in Appendix G. The gaseous chlorine is mixed with water from the distribution system and 
injected at each pump suction bell in the well caisson. 

Free chlorine residual is continuously monitored by one Hach CL17sc analyzer (a newer model 
than the CL17). The sample is taken from an unknown location from the pump discharge header 
pipe in the road and run back to the chlorine residual monitor in the control room, whose location 
is shown in the building layout plan in Appendix G. Each Hach CL17sc chlorine analyzer requires 1-
3 gpm of continuous sample flow. The CL17sc is a colorimetric analyzer which adds a small amount 
of reagent to the sample; thus, the sample is drained to sanitary sewer.  

6.4 Existing Facility Summary – Electrical 

6.4.1 Power Feed and Supply Capacity 

The Nevada Well Station has four pumps. Pumps 1 and 2 are fed by a 2000 kVA transformer and 
operate at 2400 volts. The 2000 kVA transformer also services one of two station service panels 
that is located outside the Nevada Well building on the east exterior wall, which primarily serves 
the two HVAC units for the pump room. The exterior station service panel is fed by a 75 kVA 
transformer and operates at 120-208V 3-phase. A 200-amp fused disconnect switch protects the 
primary side of the 75 kVA transformer. 

Pumps 3 and 4 are fed by a 1500 kVA transformer and operate at 2400V. 

The second station service panel, located inside the Nevada Well Station next to the main 
entrance, shares the same 30 kVA transformer that feeds the Grace Well Station service as 
mentioned in Section 5.4.1. A one-line diagram of the facility is shown in Figure 6-2. 
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Figure 6-2 | Nevada One-Line Diagram 

 

6.4.2 Motor Control Centers (MCC) and Panelboards 

The MCC lineup is located at the northeast corner of the pump building and is dual sourced as 
discussed in Section 6.4.1. Nameplate information such as bus rating was not clearly visible on the 
face of the MCC lineup. 

The Nevada Well Station has two station service panelboards: 

1. Interior Station Service Panel – Located inside the building next to the main entrance. Fed 
by the 50 kVA, 120/208V transformer. 

2. Exterior Station Service Panel – Located outside the building on the east exterior wall. 
Fed by the 2000 kVA, 2400V transformer and the 75 kVA, 120/208V transformer. 

Electrical capacity information for each panelboard is shown below. (see Table 6-2).  

Table 6-2 | Nevada Street Panelboard Information 

Nevada Main breaker? Spare breakers available? Space available for new breakers? 

Interior Panel 100A Yes (2) Yes (4) 

Exterior Panel 200A Yes (2) Yes (27) 

 
There appears to be adequate space and capacity to provide breakers for a fluoridation system at 
this site, but a load study should be performed to ensure the additional load will not exceed the 
bus rating of the panelboard(s) being used. 
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6.5 Existing Facility Summary – I&C  

6.5.1 Existing Hardware and Software Platforms 

The Nevada Well Station PLC is an Allen-Bradley MicroLogix 1100 with one 16-channel discrete DC 
input module and two 8-channel analog input modules leaving room for one additional module. 
This PLC control panel has a Schneider Electric Magelis local HMI. Flow meter signals 
(instantaneous and totalized) at each of the four pumps are transmitted through a HART-to-
Ethernet/IP gateway (Prosoft part number 5228-DFNT-HART).  

6.5.2 Telemetry 

Nevada Well Station does not have a radio. Its data is sent to the Grace PLC through a MODBUS 
serial connection, then is relayed to the MTU at Well Electric Well Station to the 900 MHz radio at 
Grace Well Station. 

6.5.3 Expansion Options for Additional Monitoring and Controls 

The Nevada Well Station PLC has the following quantities of spare I/O and has space for one more 
I/O module (see Table 6-3): 

Table 6-3 | Existing PLC Spare I/O 

 Digital Inputs Digital Outputs Analog Inputs Analog Outputs 

Nevada 13 0 3 0 
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Section 7  

Hoffman Well Station 

The Hoffman Well Station is located in the City’s Bemiss residential neighborhood and was 
constructed in 1936. It serves one pressure zone via one pump and well but is currently undergoing 
retrofits so that a second pump can be installed in the facility’s second well (which is currently out 
of commission). 

7.1 Existing Site – Summary 

7.1.1 Parcel Information and Access 

The Hoffman Well Station is located at 2109 E Hoffman Avenue, Spokane, WA. The well station 
site is located northeast of the intersection of N Crestline Street and E Hoffman Avenue which are 
urban minor arterial and local access streets, respectively. This street intersection where the 
Hoffman Well Station is located is within the City’s Bemiss residential neighborhood. 

Vehicle access into the Hoffman Well Station site is rated fair since there is only one 12-foot-wide 
concrete driveway from E Hoffman Avenue. The concrete driveway (i.e., curb drop) through the 
adjacent concrete sidewalk provides access to a one-way concrete pathway 12 feet in width to the 
tall front double doors that lead into the Hoffman Well Station building. There is no vehicular turn 
around at the end of the concrete pathway. Also, there are no other driveways or roads providing 
access through the Hoffman Well Station site. The site plan in Appendix H highlights the building 
and well location, as well as existing yard piping. The Hoffman Well Station parcel (parcel number 
35041.0419 is zoned for Residential Single Family (RSF) use. The parcel is 0.64 acres. 

A likely delivery route to the Hoffman Well Station is shown in Appendix H. The route is along 
Wellesley Avenue from Division Street (Hwy 395). This delivery route passes many residential 
zoned parcels along Wellesley Avenue with commercial zoned parcels at the intersection of 
Wellesley Avenue and Crestline Street. The portion of the haul route on Division Street is along 
commercial zoned parcels. 

7.1.2 Site Security 

The Hoffman Well Station site security is poor since there is not a site perimeter fence to enclose 
the well station building structure. A site perimeter fence would likely prevent unauthorized access 
and vandalism. However, since the Hoffman Well Station site is in the City’s Bemiss neighborhood, 
site security perimeter fencing would likely exclude the property from the rest of the 
neighborhood. Also, a site perimeter security fence would result in an undesired visual presence 
for the Bemiss neighborhood. 
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There are two removable steel pipe bollards in front of the double swing doors that provide the 
only access into the Hoffman Well Station. These bollards provide a barrier that limits vehicle 
access through the doors protecting the Hoffman Well Station and City staff inside the building 
structure. 

The high voltage switchyard that contains electrical service assets and transformers for the 
Hoffman Well Station has a 6-foot-tall perimeter fence with three strands of barb wire along its 
top rail. There are no privacy slats in the chain link fence fabric. There are double swing gates on 
the north side of the high voltage switchyard’s perimeter fence which is in fair condition. There 
are high voltage warning signs posted on the north, west, and east sides of the switchyard’s 
perimeter fence. The Hoffman Well Station site’s building structure frames the south side of the 
switchyard’s boundary. 

7.1.3 Pressure Zones Served 

The Hoffman Well Station serves the North Hill Pressure Zone. The facility retrofit will replace the 
existing 18-inch discharge mains with 24-inch mains that will feed into an existing 30-inch 
transmission main running north. 

7.2 Existing Facility Summary – Structural 

7.2.1 Description of Structures 

The building at the Hoffman site was constructed in 1936 per available drawings. The building was 
constructed using URM brick walls on top of concrete foundation walls (see figure below). The 
roof framing was covered and not able to be observed from the main floor. The Well 2 caisson is 
currently undergoing structural retrofits to accommodate a new pump in 2022. 
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Figure 7-1 | Hoffman – URM Walls on Concrete Foundation and Unknown Ceiling 

 

The structure on-site appeared to be in fair condition. Due to the age of the building, settlement 
over time, and concrete shrinkage, several minor cracks have propagated throughout the facility. 

7.2.2 Building Code Requirements  

While on-site, it was determined that there was not enough space inside the existing facility to 
incorporate a new fluoridation system. This site would require a new fluoridation system to be 
placed nearby outside the buildings with a new enclosure around it. This new enclosure would 
need to meet all requirements under the current IBC Building Code Requirements. 

7.3 Existing Mechanical Plan 

Once retrofits are complete (scheduled for 2022 or 2023), the Hoffman Well Station will house 
two caisson-style wells and two pumps, one in each well (see Table 7-1). The combined flow will 
be metered in the underground vault on the north side of the site, as shown in Appendix H. 

Table 7-1 | Future Hoffman Pump Summary 

Pump No. Pump Manufacturer Horsepower Design Flow (gpm) Design Head (ft) 

1 Flowserve 600 5,500 340 

2 Flowserve 600 5,500 340 
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The Hoffman chlorine room is located on the ground level of the well building as shown in the 
figures in Appendix H. The gaseous chlorine is mixed with water from the distribution system and 
injected at each pump suction bell in the well caisson. 

Free chlorine residual is continuously monitored by one Hach CL17 analyzer. The sample is taken 
from an unknown location in the yard and run back to chlorine residual monitor in the pump 
building. The location of the chlorine monitor is shown in the building layout in Appendix H. Each 
Hach CL17 chlorine analyzer requires 1-3 gpm of continuous sample flow. The CL17 is a 
colorimetric analyzer which adds a small amount of reagent to the sample; thus, the sample is 
drained to sanitary sewer. Future planned changes to the yard piping may modify the sampling at 
monitoring protocol at this station. 

7.4 Existing Facility Summary – Electrical 

7.4.1 Power Feed and Supply Capacity 

The Hoffman Well Station facility is in the process of having its electrical switchyard equipment 
upgraded. After the upgrade, a 1500 kVA transformer will be installed to power two well pumps 
that operate at 2400V. A second, 112.5 kVA transformer will be installed for station service power 
that operates on 120/208 volts three-phase. 

A one-line diagram of Hoffman Well Station’s power distribution (after retrofits) is shown in Figure 
7-2. 
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Figure 7-2 | Hoffman One-Line Diagram 

 

7.4.2 Motor Control Centers (MCC) and Panelboards 

At the time this report was written, only one of the two pumps was in service, but retrofits were 
underway to install a second pump in the facility. Pump 1’s motor control enclosure is located on 
the west side of the building near the chlorine room entrance and is comprised of a soft starter 
and a control relay panel. Pump 2 was in the process of getting rehabilitated with a new motor 
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and starter. The starter is planned to be installed at the east side of the mezzanine near the small 
storage room. 

Hoffman Well Station has two station service panelboards that operate under 120/208 3-phase: 

1. Main Panelboard – Located on the north wall in front of the main entrance. 

2. Lighting Panel – Located next to the main entrance to the west. 

Electrical capacity information for each panelboard is shown below (see Table 7-2).  

Table 7-2 | Hoffman Panelboard Information 

 Main breaker? Spare breakers available? Space available for new breakers? 

Main Panelboard 200A Yes (6) Yes (4) 

Lighting Panel No Yes (3) No 

 
There may be enough circuits at the Main Panelboard to provide power to a new fluoridation 
system, but further information on the fluoridation system’s electrical load requirements, as well 
as measured load data at the Main Panelboard, are needed to make a determination. 

7.5 Existing Facility Summary – I&C  

7.5.1 Existing Hardware and Software Platforms 

Hoffman Well Station’s PLC is an Allen-Bradley MicroLogix 1100 with two 4-channel analog input 
modules leaving room for two additional modules. This PLC control panel has a Schneider Electric 
Magelis local HMI. Flow meter signals (instantaneous and totalized) at Pump 1 is transmitted 
through a HART-to-Ethernet/IP gateway (Prosoft part number 5228-DFNT-HART).  

7.5.2 Telemetry 

The Hoffman Well Station communicates to the MTU at Well Electric Well Station with a 900 MHz 
radio. 

7.5.3 Expansion Options for Additional Monitoring and Controls 

The Hoffman Well Station PLC has the following quantities of spare I/O* and has space for two 
more I/O modules, but the 4-channel analog input modules can be replaced with 8-channel analog 
input modules if needed (see Table 7-3): 

Table 7-3 | Existing PLC Spare I/O 

 Digital Inputs Digital Outputs Analog Inputs Analog Outputs 

Hoffman 0 2 0 0 
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*These quantities are based on the assumption that Pump 2’s I/O will be identical to Pump 1’s I/O 
when it is installed. 
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Section 8 

Havana Well Station 

8.1 Existing Site – Summary 

The Havana Well Station was under construction at the time of this assessment but will serve two 
different pressure zones via six wells and six pumps. A limited assessment was conducted for this 
site due to its status. 

8.1.1 Parcel Information and Access 

The future Havana Well Station site is located at 4302 E 6th Avenue, Spokane Valley, WA, 
southeast of the intersection of S Havana Street and E 6th Avenue, which are urban minor arterial 
and local access streets, respectively. At the Havana Well Station site, Havana Street is the east 
City of Spokane boundary limit and Havana is also the west City of Spokane Valley boundary limit. 
At this S Havana Street intersection, E 6th Avenue in the City of Spokane Valley changes to E 5th 
Avenue on the west side of Havana Street, within the city limits of Spokane. The parcel (number 
35232.4114) and does not have a zoning designation. The parcel is 1.24 acres. 

A likely delivery route to the Havana Well Station is shown in Appendix I. The route is along 
Havana Street from 3rd Avenue via Interstate 90. This delivery route passes many residential 
zoned parcels along 3rd Avenue and Havana Street. The portion of the haul route on 6th Avenue 
is also along residential zoned parcels. 

8.1.2 Site Security 

The Havana Well Station security infrastructure is under construction. 

8.1.3 Pressure Zones Served 

The Havana Well Station “A” will serve the Intermediate Pressure Zone, and Station “B” will serve 
the Low-Pressure Zone.  

8.2 Facility Summary – Structural 

8.2.1 Description of Structures 

Havana was under construction during the time of observation. The building was being 
constructed with reinforced CMUs. Steel joists were planned to be used for the roof framing.  
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8.2.2 Building Code Requirements 

The building was designed per current codes at the time of observation. The building did not 
appear to have enough extra space per the plans to include a fluoridation system. This site would 
require a new fluoridation system to be placed nearby outside the buildings with a new enclosure 
around it. This new enclosure would need to meet all requirements under the current IBC. 

8.3 Future Mechanical Plan 

The Havana Well Station is under construction; however, the six borehole-style wells had already 
been drilled at the time of the assessment visit. Each well will house a vertical turbine pump. 
Chlorine injection will occur at each pump suction bell similar to the other well stations. The three 
well pumps that have already been selected as part of the facility construction and will be installed 
in 2022 or 2023 are shown in Table 8-1. 

Table 8-1 | Future Havana Pump Summary 

Pump No. Pump Manufacturer Horsepower Design Flow (gpm) Design Head (ft) 

1, 2, and 3 TBD 

4, 5, and 6 Floway/Trillium 600 3,750 426 

 

8.4 Future Facility Summary – Electrical 

8.4.1 Power Feed and Supply Capacity 

The Havana Well Station is a new facility that was under construction at the time this report was 
written. It will be comprised of two well buildings named Station A and Station B. 

A utility feeder will enter medium voltage switchgear with two feeders. One feeder will be 
dedicated to pump power and the second feeder will be dedicated to station service. A 3750 kVA 
transformer will supply power to the pump power feeder at 4160V, and a 300 kVA transformer 
will supply power to station service at 120/208V 3-phase. 

A 1000 kW diesel generator will back up station service as well as up to 1000 kVA to the pump 
feeder in the event of a power outage. 

A one-line diagram of Havana’s power distribution is below. 
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Figure 8-1 | Havana One-Line Diagram 

 

8.4.2 Motor Control Centers (MCC) and Panelboards 

Two motor control centers are planned to power six well pumps at Havana. One motor control 
center will reside in Station A building and will power three 600 horsepower (HP) pumps, and the 
other motor control station will reside in Station B building and power three 350 HP pumps. All 
pumps will operate on 4160V. 

Five station service panelboards are planned for the Havana Well Station facility. All panels will 
operate on 120/208V: 

1. Panel A1 – Located next to the south entrance of Station A 

2. Panel A2 – Located in Station A’s Communications Room 

3. Panel B1 – Located next to the north entrance of Station B 

4. Panel B2 – Location to be determined 

Electrical capacity information for each panelboard is shown in Table 8-2. 

Table 8-2 | Havana Panelboard Information 

Havana Panel Main breaker? Spare breakers available? Space available for new breakers? 

Panel A1 400A Yes (10) No 

Panel A2 200A Yes (7) No 

Panel B1 400A Yes (11) No 

Panel B2 TBD TBD TBD 
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Based on the design load calcs, Station A has about 200 amps of capacity remaining between 
Panels A1 and A2, and 150 amps of capacity remaining at Station B. 

There appears to be adequate space and capacity to provide breakers for a fluoridation system at 
this site, but a load study should be performed to ensure the additional load will not exceed the 
bus rating of the panelboard(s) being used. 

8.5 Future Facility Summary – I&C  

8.5.1 Existing Hardware and Software Platforms 

The design drawings to not specify the hardware platform for Havana’s RTU, but if it is going to 
match most of the other well sites it will have an Allen-Bradley MicroLogix 1100 PLC with a 
Schneider Electric Magelis HMI, model HMIS5T. Two PLCs are planned for the Havana site: one in 
Station A and one in Station B. 

8.5.2 Telemetry 

The design drawings do not specify the method of telemetry Havana Well Station will be using, 
but if it is going to match the other well sites it will communicate to the MTU at Well Electric Well 
Station with a 900 MHz radio. 

8.5.3 Expansion Options for Additional Monitoring and Controls 

The Havana Well Station PLC has the following quantities of spare I/O in its design (see Table 8-3): 

Table 8-3 | Existing PLC Spare I/O 

 Digital Inputs Digital Outputs Analog Inputs Analog Outputs 

Havana 15 5 7 0 
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APPENDIX A
Electrical Assessment Matrix
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Spokane Fluoridation Study Electrical Site Assessment Matrix

Voltage Main Breaker Spare Breakers? Breaker Spaces? Arc Flash Sticker? Notes
Well Electric
Pump Voltage 2400
Station Service Transformer 2400/4160Y:120/208
On-Site Generator 240
Heater (sub)Panel 120/240 no no space available for three 

breakers
no

W.E. Panel 3 120/240 size unknown, looks like 100 amp maybe circuit 14 no space available no
UPS and Batt. Charger Subpanel 120/240 none no 6 no
Well Elect. Panel 2 120/240 100 amp maybe circuits 13, 14 no space available no
Pump MCC Panel A 240 only no yes no (but lots of spares) no
Well Elect. Panel 1 120/240 size unknown, looks like 100 amp yes yes, in subpanel above no
Generator Panel 120/240 60 amp no yes, but can't be used no Feeds server room equipment, do not use
"208V High Lag" 120/240, but panel says 208 V no yes plenty no Feeds 220V heaters, offices

Parkwater
Pump Voltage 2400
Fed from Well Electric Substation Transformers mounted on roof of chlorine room

3 Phase 208 Volt Panel A 120/208 no, bus is 200a rated yes no no 3-ph 4-wire
Panel B 240 yes, 200a, bus is 200a rated no no no feeds unit heaters
Lighting Panel 120/208 no, bus is 100a rated yes no no

Grace
Pump Voltage 4160
Station Panel 120/208 yes, 100a, bus is 200a rated one spare 20a no yes Two gray 2000 kva for grace and nevada each, 

green 1500 kva for nevada

Nevada
Pump Voltage 2400
Station Panel 120/208 yes, bus is 100a rated yes, 15a and 20a yes, 4 yes
Station AC Panel Nevada 120/208 yes, 200a, bus rating not shown maybe (two turned off) plenty yes Feeds ac units and outlet

Central
Pump Voltage 2400
Main Building Panelboard P1 120/240 yes, 400a, bus is 300a rated (?) 20a 208 10 no Station service appears to be fed from overhead 

transformer
East Building Panel "P3" 120/240 yes, 90a, 125a bus rating plenty 28 no
West Building Panel "P2" 120/240 yes, 90a, 90a bus rating two spares 9 no

Hoffman
Pump Voltage 2400
Station Service Panel 120/208 yes, 200a plenty 4 yes Transformer in fenced yard, to be replaced with 

new transformer
Station Lighting Panel 120/208 (1) 15A, (2) 20A no yes

Ray
Pump Voltage 2400 Transformer in fenced backyard, plenty of yard

Lighting Panel 120/208 yes, 100a no no yes RTU fed from here
Main Panelboard 120/208 yes, 175a yes plenty yes RTU circuits here too



Spokane Fluoridation Study Electrical Site Assessment Matrix

PLC Type
Empty I/O slots 

available
Spare DI 
Available

Spare DO 
Available

Spare AI 
available Notes

Well Electric
Well Pump PLC MicroLogix 1100 2 4 6 2 LEGEND:
Chlorination PLC MicroLogix 1100 3 5 6 3 2400/4160Y:120/208

Anticipated quantity of fluoridation I/O 12 8 4

Parkwater Capacity available. 
Parkwater PLC SLC 5/05 2 2 0 18

Anticipated quantity of fluoridation I/O 20 12 4

Grace
Grace PLC Micrologix 1100 1 1 2 7

Anticipated quantity of fluoridation I/O 8 12 4

Nevada
Nevada PLC Micrologix 1100 1 13 0 3

Anticipated quantity of fluoridation I/O 12 8 4

Central
Central PLC Micrologix 1100 0 12 2 0

Anticipated quantity of fluoridation I/O 8 6 4

Hoffman
Hoffman PLC Micrologix 1100 2 0 2 0

Anticipated quantity of fluoridation I/O 8 6 4

Ray
Ray PLC Micrologix 1100 0 14 0 1

Anticipated quantity of fluoridation I/O 10 7 4

Existing spare I/O cannot accommodate, but 
spare slots may.
No capacity available.  Second PLC likely 
required.
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Well Electric Well Station Photos 
Chlorine Room Entrance

East Exterior of Well Building

Gaseous Chlorine Tanks

Monitoring Sample Point, Pump 1



Well Electric Well Station Photos 

North Hill Pressure Zone Flow Meter Vault Well 4 

Pumps 3-6 Discharge Piping West Exterior of Well Building 
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APPENDIX C 
Parkwater Well Station Figures
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Parkwater Well Station Photos 

1 Ton Chlorine Cylinder Corner of Building Facing East 

Differential Flow Meter Exterior West



Parkwater Well Station Photos 

Front Gate

Parkwater Chlorine Monitor

Pump and Discharge Piping

Corner of Building
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APPENDIX D 
Ray Street Well Station Figures 
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Ray Street Well Station Photos 

Chlorine Analyzer Chlorine Room 

Flow Meter Roll Up Door 



Ray Street Well Station Photos 

Future Pump Space Pump 1 

Pump Discharge 
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APPENDIX E 
Central Avenue Well Station Figures
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Central Avenue Well Station Photos 

Control Building and Well 2 Building Exterior Fenced Power Area 
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APPENDIX F 
Grace Well Station Figures
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Grace Well Station Photos 

Grace Chlorine Analyzer

Grace Exterior 

Grace Flowmeter Vaults Grace Flowmeter 



Grace Well Station Photos 

Pump and Pipe Discharge Roll Up Door and Scissor Lift 
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APPENDIX G 
Nevada Well Station Figures
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Nevada Well Station Photos 

Between Sites Facing East Nevada Flow Meter Tunnel 

Nevada Pump Station and Chlorine Building 
Exterior Nevada Pumps and Piping 



Nevada Well Station Photos 

Nevada Turbidity and Chlorine Analyzer Piping Storage Area 

Submersible Piping 
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APPENDIX H 
Hoffman Well Station Figures
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Hoffman Well Station Photos 

Chlorine Analyzer Area Chlorine Room and HVAC 

Hoffman Chlorine Analyzer 

Hoffman Front Exterior 



Hoffman Well Station Photos 
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APPENDIX I 
Havana Well Station Figures
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Havana Well Station Photos 

Well Station A 

Example Well Casing 
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APPENDIX C 
THE PRELIMINARY ENGINEERING STUDY FOR 

FLUORIDATION: FLUORIDATION SYSTEM 
ALTERNATIVES 

DRAFT FINAL
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Section 1  

Introduction 

1.1 Purpose and Goals of this Alternatives Analysis 
The City of Spokane (City) is conducting a preliminary engineering study of fluoridation 
implementation in the City’s water system. The study is grant-funded. This Fluoridation System 
Alternatives Report provides an intermediate step in the development and assessment of the 
fluoridation implementation alternatives for the City’s consideration. This Report provides input 
for the City to assess up to three different chemical alternatives in Task 6 of the engineering study 
scope, Alternatives Evaluation, and for the selection of a preferred alternative for the City to 
consider moving forward.  

The evaluation of alternatives will be assessed through a multi-objective decision analysis (MODA) 
that will facilitate an objective and transparent process to select the preferred alternative based 
on the City’s long-term goals of balancing sustainability, social responsibility, and affordability 
(City’s Triple Bottom Line). 

This Report evaluates the implementation of three fluoridation chemical alternatives: sodium 
fluoride, sodium fluorosilicate, and fluorosilicic acid (FSA). The defined alternatives include 
preliminary equipment sizing, a list of key equipment required, general process flow diagrams, 
general site and mechanical plan layouts based on anticipated sizes of each of the fluoridation 
systems and operations, maintenance, and safety considerations. A Class 5 opinion of probable 
construction costs (OPCC) and a concept-level 50-year life cycle cost analysis (LCCA) was 
developed based on equipment sizing along with operations and maintenance considerations. 

1.2 Water System Overview 
Fluoridation of the City’s water system requires the retrofit of each of its seven existing well pump 
stations and a new well pump station currently under construction to add necessary fluoridation 
chemical feed systems. The nameplate capacities of each well station range from 15 million gallons 
per day (MGD) to 90 MGD. The demand on the City’s water system changes greatly throughout 
the year, from a winter average of about 35 MGD to a summer peak of over 147 MGD, requiring 
careful consideration for operational effectiveness of the implemented fluoride chemical feed 
systems.  

A detailed condition assessment of each of the well pump stations was completed in Spring 2022 
and summarized in Well Facility Condition Assessment Report, September 2022. Table I-1 of the 
Well Facility Condition Assessment Report includes a Condition Assessment Matrix summarizing 
key condition assessment elements that were used for the development of the fluoridation system 
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alternatives. The assessment determined that the future fluoridation facilities will likely need to 
be housed in a dedicated building. The existing well station buildings do not appear to have enough 
space to house a new fluoridation system. The exception is the Well Electric building, though 
extensive retrofits would likely be required to facilitate the new system, so the addition of a new 
fluoride feed facility at the Well Electric Well Station was assumed for this study. 
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Section 2  

Fluoridation System Overview 

2.1 Overview of Chemical Options 
Fluoridation injection systems in potable drinking water incorporate chemical addition processes 
that form fluoride ions in the finished water. The three common chemical injection alternatives 
are sodium fluoride, sodium fluorosilicate, and FSA. Sodium fluoride and sodium fluorosilicate are 
distributed as dry powder chemicals while FSA is distributed in liquid form. Because the facility 
requirements and operation and maintenance requirements are similar for both dry chemicals, 
and due to the severe supply chain and manufacturer limitations of sodium fluorosilicate, this 
Report focuses on comparing the differences between the liquid chemical and the dry chemicals. 
All three are further described below. 

2.1.1 Sodium Fluoride 

Sodium fluoride is sold as a colorless or white, odorless, low-dust granular chemical product. 
American Water Works Association (AWWA) Standard B701 covers its use in potable drinking 
water systems. Sodium fluoride has a favorable solubility characteristic: it dissolves within minutes 
to a near constant solubility (4 percent) at water temperatures normally experienced in potable 
water systems. At water temperatures typically encountered in chemical treatment equipment 
located in a building or from a well, a sodium fluoride solution will reach full saturation in about 5 
minutes. Therefore, a saturator tank can be used to dissolve the chemical into water to create a 
solution for injection into the water system, meaning the chemical can be added directly to the 
saturator tank without precise chemical metering. 

2.1.2 Sodium Fluorosilicate 

Sodium fluorosilicate, also a dry fluoride product, is a white, odorless crystalline salt. American 
Water Works Association Standard B702 covers the use in potable drinking water systems. Like 
the sodium fluoride additive product, sodium fluorosilicate comes in a low-dust granular form that 
minimizes personnel exposure and risk of inhalation. Because sodium fluorosilicate is produced by 
partially neutralizing FSA, the hydrogen potential (pH) of a sodium fluorosilicate solution will range 
between 3.0 and 4.0.  

Sodium fluorosilicate is normally fed as a dry salt to a tank sized for active mixing with a 5- to 10-
minute detention. Unlike sodium fluoride, sodium fluorosilicate can take a long time to achieve 
full saturation, and its solubility varies with water temperature. Because sodium fluorosilicate does 
not become fully saturated and requires active mixing, it is unsuitable for use in saturator feed 
equipment (which is typically used for sodium fluoride). Hard water, lower water temperatures, 
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and the product's crystalline character each can increase the time needed to dissolve the sodium 
fluorosilicate additive product to an acceptable concentration. Sodium fluorosilicate has a very 
slow dissolution rate as the solution approaches saturation. Up to several hours of firm mixing can 
be required to achieve saturation. Consequently, the preferred operating strategy is to prepare a 
dilute solution of less than one-half saturation.  

Fluoridating with the sodium fluorosilicate additive product requires slightly larger quantities than 
are used with sodium fluoride. A larger dissolving tank is also required to create a chemical solution 
compared to the saturators that can be used for sodium fluoride. 

Sodium fluorosilicate use has been declining since the 1970s and is the least used form of fluoride 
in municipal systems, currently. 

2.1.3 Fluorosilicic Acid 

An aqueous acidic solution with a pH of 1.2, FSA can range from colorless ("water-white") to a 
straw color. American Water Works Association Standard B703 covers the use in a potable drinking 
water system. Fluorosilicic acid’s color comes from other substances in the solution, especially 
iodine and phosphoric acid. Fluorosilicic acid is a volatile acidic solution because trace amounts of 
hydrogen fluoride and silicon tetrafluoride gases evaporate from the liquid's surface. 

The FSA additive solution is made up of about 74 percent water, with an FSA concentration ranging 
from 23 percent to 25 percent. The remaining one percent to three percent of the solution is made 
up of trace amounts of free acids: hydrogen fluoride, sulfuric acid, hydrochloric acid, phosphoric 
acid, and others. Shipping is a major component of FSA additive cost because three-quarters of 
the product volume is water. At a 25 percent concentration, FSA weighs 10.1 pounds per gallon, 
heavier than an equal amount of water. 

2.2 Fluoridation Implementation Standards 
The following industry technical standards define guidelines and recommendations for 
fluoridation implementation and align with Washington State Department of Health guidance. The 
industry technical standards that were referenced in the development of the design criteria for 
developing the alternatives include: 

 Washington State Department of Health – Water Design Manual, June 2020 (WA DOH) 

 AWWA Manual of Practice M4 – Water Fluoridation Principles and Practices (AWWA M4) 

 Centers for Disease Control (CDC) and Prevention Guidelines (CDC) 

 Great Lakes - Upper Mississippi River Board (GLUMRB) - often referred to as 10 States 
Standards 
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2.3 Design Criteria and Assumptions 
Table 2-1 lists design criteria and assumptions which are the basis for the alternative concept-level 
design development used to establish a comparison between the chemical alternatives. Each 
assumption needs to be further evaluated and confirmed before design begins with the selected 
chemical alternative. 

Table 2-1 | Design Criteria and Assumptions 

Design 
Element 

Assumption for 
Alternatives 

Analysis 
Alternate Assumption Options What does this 

assumption affect? 

Chemical 
Storage 
Duration 

Approximately 
60 days (10 
States 
Standards) 

 3 months (CDC) 
 Match volume of delivery (AWWA M4) 

Storage size/building 
size, chemical delivery 
frequency, operator 
chemical handling 
frequency 

Chemical 
Storage 
Duration 
Demand Basis 

Average daily 
demand when 
facility is 
operational 

 No industry standard.  
 Average month (Low storage) up to max 

month demand (High storage) 

Storage size/building 
size, chemical delivery 
frequency, operator 
chemical handling 
frequency 

Day Tank 
(liquid 
chemical only) 
Storage 
Duration 

2 days of MDD 

 Day tank recommended 
 30 hours (10 States Standards) 
 2 days (CDC) 
 3 days (AWWA M4) 
 Note: industry standards do not specify a 

demand basis assumption- base day tank 
sizing on City preference 

Day tank size, transfer 
pump size, operator 
day tank transfer 
frequency 

Saturator (dry 
chemical only) 
Detention 
Time 

Approx 6-ft 
diameter, 3.5-ft 
height 

 Minimum depth of chemical 12 inches 
(CDC, AWWA M4) 
 Saturator could be sized larger so that 

two super sacks could be dumped during 
one site visit 

Saturator size, bulk 
bag unloader hopper 
size 

Dry Chemical 
Storage 

 Full hopper 
and one 
standby super 
sack 
 Central 

storage 
facility 

 Could store additional sacks onsite  
 Saturator could be sized larger so that 

two super sacks could be dumped during 
one site visit 

Building size, 
frequency to transport 
sacks 

Metering 
Pumps  

Assume two 
metering 
pumps for each 
well pump 

 Depends on chemical injection point 
locations- to be refined during design. 
 AWWA M4 recommends not injecting 

chlorine and fluoride in the same 
location. 

Number and size of 
metering pumps, size 
of building, electrical 
requirements 
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2.4 Alternative Evaluation Criteria 

Evaluation of the potential fluoridation system alternatives defined later in this Report will be done 
through both financial and non-financial analyses. The life-cycle cost estimates will be combined 
with the non-monetary analyses for an integrated alternatives analysis to support decision-
making. Table 2-2 defines non-financial criteria that were developed during the May 10, 2022 
MODA Criteria Workshop. This workshop was attended by Katherine Miller (City), Loren Searl 
(City), Lee Odell (Murraysmith), Joe Foote (Murraysmith), Kristy Warren (Murraysmith), Aubrie 
Koenig (Murraysmith), Liz Kelly (Parametrix), Mark Mazzola (Parametrix), and Dana Rivera 
(Parametrix). The Summary of Alternatives section in this Report (Table 4-1) will include a summary 
of considerations for the City to use for scoring of the criteria during the Alternatives Workshop. 
Also, the Facility Summary in Table 3-3 includes comments on criteria that are affected by the well 
station site. 

Table 2-2 | Fluoridation Alternatives Analysis Non-Financial Criteria 
Criteria 

No. Criterion Description Weight 

1 

Environmental 
and 

Sustainability 
Impacts 

Environmental impacts to the natural environment, such as those to 
critical areas or the aquifer, including those attributed to the supply 
chain, in the immediate vicinity of the facilities or the broader region. 
Includes impact on the city’s sustainability goals. 

12% 

2 
Neighborhood 

Impacts 

Impacts to the built environment in the immediate neighborhood 
including cultural, aesthetic, historical preservation, and livability 
impacts such as those related to increased traffic, noise, air quality, and 
odors. Includes impacts during construction. 

8% 

3 Safety – Public 

Potential public safety hazards in the immediate neighborhood as well 
as the broader region, including those related to increased truck traffic. 
Not including health impacts associated with consumption of 
fluoridated water. Includes hazards during construction. 

25% 

4 Safety – Worker 

Potential worker safety hazards including chemical loading/unloading, 
exposure to chemicals, and other safety hazards such as slips, trips, falls, 
and confined space entry during facility operations and maintenance. 
Includes hazards during construction. 

25% 

5 
Service 

Reliability 

Ability to achieve desired reliability of the fluoridation system, including 
resiliency in extreme conditions. Consider overfeeding (which may 
require public notice due to termination of fluoridation) and the ability 
of the system to consistently achieve regulatory requirements, both 
near and long term. Consider outcomes at the customer tap. 

15% 

6 
Ease of 

Maintenance 
and Operations 

Relative ease of maintenance and operational activities, including 
training, certifications, and equipment needed, regular visits to the 
sites, renewal and rehabilitation needs. This criterion does not include 
cost, which will be included in the life cycle cost estimate, and not 
including worker safety, which should be considered the Safety – 
Worker criterion. 

15% 

   100% 
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Section 3  

Summary of Alternatives 

3.1 Alternative Definition 
For the potential fluoridation of the City’s water system, three chemical alternatives as well as 
three chemical feed systems were reviewed. Based on initial research of the chemical availability 
and delivery limitations, two alternatives have been defined for evaluation.  

The following is a brief description of the alternatives. 

 Dry (Sodium fluoride) 

Incorporates a new structure at each of the existing well station sites, except for the 
Central Well Station, for a super sack bulk bag unloader and saturator tank, metering 
pumps, analyzers, electrical/control elements, and heating, air conditioning, and 
ventilation (HVAC). The Central Well Station site requires replacement of the existing 
electrical/chemical building to house the fluoridation equipment. 

 Liquid (FSA) 

Incorporates a new structure at each of the existing well station sites, except for the 
Central Well Station, for bulk and day storage tanks with transfer/metering pumps, 
analyzers, electrical/control elements, and HVAC. The Central Well Station site requires 
replacement of the existing electrical/chemical building to house the fluoridation 
equipment. 

Sodium fluorosilicate is not included as an alternative chemical for consideration, based on 
limitations of regional supply from vendors for bulk delivery. Additionally, bulk storage tanks/feed 
systems for the dry chemical option were not considered further, since chemical suppliers are not 
equipped to deliver sodium fluoride in bulk in the Pacific Northwest. 

3.1.1 Major Equipment and Design Features – Requirements 

Key equipment and design considerations for each chemical are summarized in Table 3-1. 
A concept-level equipment matrix for each well station fluoridation facility is shown in Table 3-2. 
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Table 3-1 | Key Equipment Considerations 

Chemical Dry Chemical Liquid Chemical 

Reserve 
Storage 

30-day minimum. 1-ton super sacks 
or 50-lb bags. Super sacks can be 

stored at central location. 

30-day minimum. HDPE tanks meeting ASTM 
1998 standards. 

Day Storage 

Bags are dumped via a bulk bag 
unloader into a storage hopper with 
a vibrator to eliminate clumping or 

buildup 

Day tank (1 to 3 days of storage) filled 
manually via transfer pump 

Chemical 
Handling 

Super sacks require a bulk bag 
unloader system with a crane and 
trolley. Forklift required to move 

super sacks. 50-lb bags can be 
transported on a palette and dumped 

into the hopper manually. 

Truck pumps chemical to bulk storage. 

Feed Hoppers Volumetric and gravimetric feeder N/A 

Saturator 

Saturator with radial distributor and 
gravel support bed. Saturator 

minimum bed depth > 12 inches. 
Preferred bed depth = 16-18 inches. 

6-foot diameter, 3.5-foot depth 
assumed for alternatives definition. 

N/A 

Transference PVC or cross-linked HDPE piping PVC or cross-linked HDPE piping 

Spill 
Protection Containment required for saturator. 

Entire FSA tank volume (day and bulk storage) 
plus an additional 10%. Containment at 

delivery hose building connection to catch 
transfer spills. Epoxy undercoat and a 

urethane top coat or spray-on manhole 
rehabilitation polyurethane to protect 

concrete. 

Dust Control Dust control unit and powder seal on 
bulk bag unloader unit 

Not required, though ventilation required for 
acid fumes. 

Building 
Notes 

Storage should be secured in a 
dedicated room. Include roll-up door 

for forklift access. 

Storage should be secured in a dedicated 
room. Include roll-up door for tank access. 

Safety 
Equipment Eyewash and shower station Eyewash and shower station 

Metering and 
Injection 

Positive displacement metering 
pumps, injection quill with orifice-

style mixer or pumped carrier water 
injection. 

Positive displacement metering pumps, 
injection quill with orifice-style mixer or 

pumped carrier water injection. 
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Table 3-2 | Equipment by Well Station 
Major  

Equipment 
Well 

Electric Parkwater Ray Central Nevada/
Grace Hoffman Havana 

Dry Chemical 
Super Sack  

Storage Onsite 1 in feed, 1 stored onsite 

Saturator Size Approximately 6-ft diameter, 3.5-ft depth for all well stations. Assume tank is 
installed in a basement level adjacent to the bulk bag unloader 

Liquid Chemical 
Bulk Storage Onsite 

(gal) 4,400 4,400 2,500 2,500 5,400 750 4,400 

Day Tank (gal) 250 410 160 160 410 55 250 
Additional Chemical Equipment for Either Option 

Number of 
Metering Pumps 8 16 6 4 12 4 12 

Number of 
Injection Points 4 8 3 2 6 2 6 

3.1.2 Facility Requirements 
Table 3-3 summarizes the requirements for constructing a new fluoridation facility to serve each 
well station including access, site impacts, building information, and electrical and controls 
requirements. 

3.1.2.1 Permitting 
As shown in Table 3-3, permits may include the following. 

 Shoreline for Well Electric Well Station (City of Spokane) 
 Conditional Use (City of Spokane, City of Spokane Valley for Havana Well Station) 
 SEPA 
 Historic/Architectural review for sites located in residential zones 

Federal Aviation Administration (FAA) requirements for building heights will need to be considered 
for the Well Electric Well Station, which is near the Felts Field Airport. 

The WA DOH will require a project report and description of improvements and final design 
documents for approval, including an updated Water Facilities Inventory (WFI). The City will also 
have to meet the water treatment certification requirements established by WA DOH. 

3.1.2.2 General Site Requirements 
As shown in Table 3-3, delivery truck access was evaluated for each site and incorporated into the 
site plans included in Appendix A. Driveways were sized for a 54-foot delivery truck, which would 
accommodate a large delivery of super sacks to multiple well stations in one trip. The proposed 
driveway footprints could be reduced depending on the City’s desired dry chemical delivery 
schedule. A new driveway hardscape would likely require stormwater management facilities. 
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Table 3-3 | Facility Requirements Matrix 
Facility Requirements 

Category 
Well Electric Parkwater Ray Central Grace Nevada Hoffman Havana 

Permits 

 Shoreline Permit.  
 Confirm height 

requirements with FAA.  
 Existing site partially 

within FEMA 100-year 
flood zone. 
 SEPA review. 

SEPA review. 

 Conditional Use 
(Residential Zone). 
 SEPA review. 
 Historic/architectural 

review. 

 Conditional Use 
(Residential Zone). 
 SEPA review. 

 No special permitting 
requirements. 
 SEPA review. 

 No special permitting 
requirements. 
 SEPA review. 

 Conditional Use 
(Residential Zone). 
 SEPA review. 
 Historic/architectural 

review. 

 Permitting within City of 
Spokane Valley. 
 Conditional Use 

(Residential Zone). 
 SEPA review. 

Access 

 Via Waterworks St. No 
through access for large 
vehicles. Delivery route 
passes by several 
residential homes. 

 Via E Rutter Ave.  
 Delivery route passes by 

several residential 
homes (increased large 
vehicle traffic). 

Passes through Residential 
Zones (increased large 
vehicle traffic). 

Passes through Residential 
Zones for one block 
(increased large vehicle 
traffic). 

Via North Foothills Drive or 
via the Water Department 
yard if added building has 
door(s) on its south side. 

Via North Foothills Drive or 
via the Water Department 
yard if added building has 
door(s) on its south side.  

 Via Hoffman Ave. 
 Passes through 

Residential Zones 
(increased large vehicle 
traffic).  

Passes through Residential 
Zones (increased large 
vehicle traffic). 

Truck Turnaround 

 Liquid media delivery 
truck (~22-ft. 
wheelbase) turning 
movement at the closed 
entrance gate feasible 
assuming  delivery truck 
parks on westbound N 
Waterworks Street.  
 Larger delivery truck 

(~54-ft. wheelbase) 
turning movement is 
feasible inside the site's 
perimeter fence within 
the area east of the site 
entrance road, south of 
the existing gravel road, 
and north of N 
Waterworks Street.  
 Proposed gravel 

turnaround requires 
realignment to 
accommodate the 
turning movement and 
retaining wall to 
preserve existing police 
department access road. 

 Liquid media delivery 
truck (~ 22-ft. 
wheelbase) turning 
movement at the west 
end of E Rutter Avenue 
is feasible within the 
existing 90-ft. diameter 
cul-de-sac.  
 Larger delivery truck 

(~54-ft. wheelbase) 
turning movement at 
the west end of E Rutter 
Avenue is not feasible 
within the existing 90-ft. 
diameter cul-de-sac.  
 The asphalt paved cul-

de-sac with concrete 
curb and gutter is 
approximately 700 ft. 
west of the Parkwater 
well station site on E 
Rutter Avenue. 

 Liquid media delivery 
truck (~22 ft. wheelbase) 
and solid media delivery 
truck (~54-ft. 
wheelbase) turning 
movements from 
southbound on S Ray 
Street to eastbound on E 
Hartson Avenue work 
with new pull through 
30 ft. concrete 
driveways and new 24-
ft. paved pull through 
with gravel shoulders. 
 Larger vehicle turning 

movement is only 
feasible if there are no 
parked vehicles on the 
west side of S Ray Street 
and the south side of E 
Hartson Avenue.  
 Pull through driveway to 

go around existing on-
site tree at the NE 
corner of S Ray Street 
and E Hartson Avenue. 

 Liquid media delivery 
truck (~22-ft. 
wheelbase) turning 
movement from 
eastbound on W Central 
Avenue to southbound 
on N Normandie Street 
works with wheel path 
tracking over the 
existing driveway 
concrete curb onto 
adjacent lawn, and with 
no parked cars on the 
east side of N 
Normandie Street.  
 Larger delivery truck 

(~54-ft. wheelbase) 
turning movement is not 
feasible since wheel 
paths travel over W 
Central Avenue and N 
Normandie Street 
sidewalks, existing 
driveway south curb, 
and large swaths of on-
site lawn areas.  

 Delivery truck turn 
around is on site.  
 City receives multiple 

deliveries at this site and 
sees no concern with 
liquid or dry bulk 
fluoride deliveries. 

 Delivery truck turn 
around is on site.  
 City receives multiple 

deliveries at this site and 
sees no concern with 
liquid or dry bulk 
fluoride deliveries. 

Proposed driveway 
through site off Hoffman 
Ave with hammerhead 
truck turnaround. 

 Liquid media delivery 
truck (~22 ft. wheel 
base) and solid media 
delivery truck (~54-ft. 
wheel base) turning 
movements are feasible 
at 30-ft. wide driveways 
off 6th Avenue and 7th 
Avenue with no site 
improvements required. 
 Larger delivery truck 

wheel paths may track 
off street pavement 
onto gravel street 
shoulders adjacent to 
site during turning 
movements. 
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Facility Requirements 
Category 

Well Electric Parkwater Ray Central Grace Nevada Hoffman Havana 

Impact to Neighborhood 
Industrial zoning, little 
impact to neighborhood. 

Industrial zoning, little 
impact to neighborhood. 

 Residential 
neighborhood with on-
street parking.  
 Potential for delivery 

truck to double park to 
unload. 
 Residential streets do 

not accommodate 
delivery trucks very well 
which results in 
congestion.  
 Noise during delivery, 

visual impact of new 
building.  

 Residential 
neighborhood with on-
street parking.  
 Potential for delivery 

truck to double park to 
unload. 
 Residential streets do 

not accommodate 
delivery trucks very well 
which results in 
congestion.  
 Noise during delivery, 

visual impact of new 
building.  

Located on Water 
Department Site, little 
impact. 

Located on Water 
Department Site, little 
impact. 

 Residential 
neighborhood with on-
street parking.  
 Potential for delivery 

truck to double park to 
unload. 
 Residential streets do 

not accommodate 
delivery trucks very well 
which results in 
congestion.  
 Noise during delivery, 

visual impact of new 
building.  

 Residential 
neighborhood with on-
street parking.  
 Potential for delivery 

truck to double park to 
unload. 
 Residential streets do 

not accommodate 
delivery trucks very well 
which results in 
congestion.  
 Noise during delivery, 

visual impact of new 
building.  

Dry Chemical Building 
Footprint: Super Sack 
Option 

21.5 ft x 29.5 ft =634 sf 21.5 ft x 29.5 ft =634 sf 21.5 ft x 29.5 ft = 634 sf 

29.5 ft x 38.25 ft = 1,102 sf 
Includes space for 
lighting/signals 
infrastructure and chlorine 
room 

31.7 ft x15 ft = 475 sf 31.7 ft x15 ft = 475 sf 21.5 ft x 29.5 ft = 634 sf 21.5 ft x 29.5 ft = 634 sf 

Dry Chemical Building 
Height: Super Sack Option 

26 ft 26 ft 26 ft 28 ft 25 ft 25 ft 26 ft 26 ft 

Liquid Chemical Building 
Footprint 

647 sf 647 sf 647 sf 

1,102 sf. Includes space for 
lighting/signals 
infrastructure and chlorine 
room 

647 sf 647 sf 729 sf 729 sf 

Liquid Chemical Building 
Height 

21 ft 21 ft 20 ft 21 ft 19 ft 19 ft 20 ft 20 ft 

Architectural Style Basic/Industrial CMU. Basic/Industrial CMU. 
Align with 
neighborhood/existing 
style (CMU with brick). 

Align with 
neighborhood/existing 
style (CMU). 

Basic/Industrial CMU. 
Building will be located 
near Grace facility. 

Align with 
neighborhood/existing 
style (CMU with brick). 

Match proposed well 
facility buildings (CMU). 

Tree Removal? Yes, several small trees. Yes, east of building. Plan to avoid tree. Likely No. No. No. Likely No. No. 

Structural Considerations 

 Geotech evaluation 
required for final design.  
 Foundation will act as a 

retaining wall on steep 
slope. 

 Geotech evaluation 
required for final design.  
 Understand effects of 

new structure adjacent 
to existing structure. 

 Geotech evaluation 
required for final design.  
 Understand effects of 

new structure adjacent 
to existing structure. 

 Geotech evaluation 
required for final design.  
 Demo existing control 

building.  

 Geotech evaluation 
required for final design.  
 Understand effects of 

new structure adjacent 
to existing structure. 

Building will be located 
near Grace facility. 

Geotech evaluation 
required for final design.  
Understand effects of new 
structure adjacent to 
existing structure. 

Geotech report likely 
available for new site. 

Space Onsite for New 
Building? 

Yes, north of Waterworks 
St. between access gates. 

Yes, east of building. 

 Yes, add on to existing 
building to the south. 
 Do not impact 

community garden. 

No. Demo/retrofit existing 
control building. 

Yes, add onto Grace 
building. 

Building will be located 
near Grace facility. 

Yes, add on to existing 
building to the east. 

Yes, SE of Building B. 
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Facility Requirements 
Category 

Well Electric Parkwater Ray Central Grace Nevada Hoffman Havana 

Electrical Service Notes 

 120/240 1-phase power 
available on generator. 
Spare breakers on 300 A 
Panel P1. 
 2400/4160Y available on 

Substation Primary. 
 As-Built load calcs not 

available. 

 120/208 3-phase power 
available with spare 
breakers on 200 A Panel 
A. 
 2400 3-phase available 

on Substation Primary. 
 As-Built load calcs not 

available. 

 120/208 3-phase power 
available with spare 
breakers on 175 A Main 
Panelboard. 
 2400 3-phase available 

on Substation Primary. 
 As-Built load calcs not 

available. 

 120/240 1-phase power 
available on 90 A Panel 
P3 with spare breakers 
and 11A demand 
availability. Main 
breaker could be 
increased to 125 A for 
46A availability. 
 2400 3-phase available 

on Substation Primary. 

 120/208 3-phase power 
available on 100 A 
Station Panel (only 1 
spare 20 A breaker). 
 4160 3-phase available 

on Substation Primary. 
 As-Built load calcs not 

available. 

 120/208 3-phase power 
available on 200 A 
Station AC Panel. 
 2400 3-phase available 

on Substation Primary. 
 As-built load calcs not 

available. 

 120/208 3-phase power 
available on 200 A 
Station Service Panel. 
 2400 3-phase available 

on Substation Primary. 
 As-built load calcs not 

available. 

 120/208 3-phase power 
available on 400 A Panel 
A1 with spare breakers 
and 76 A demand 
availability. 
 4160 3-phase available 

on Substation Primary. 

Water Service Notes 
Supply from existing 12-
inch distribution main that 
already serves the facility. 

Supply from existing 6-inch 
service line onsite 

Extend existing 1-inch 
service line onsite to 
building. 

Connect into existing 
service to 
electrical/chemical 
building, or new service 
from main in the street. 

Supply from existing Grace 
service line. 

Supply from existing Grace 
service line. 

New service line from 
Hoffman distribution main. 

Supply from existing 6-inch 
service line onsite. 

Fluoride Injection Yard 
Piping Notes 

Utilidor across site to well 
room.  

Connect directly through 
wall to well room. 

Connect directly through 
wall to well room. 

Parallel to Cl feed line in 
new utilidor. 

Connect directly through 
wall to well room. 

Utilidor through site 
between Nevada and 
fluoridation building. 

Connect directly through 
wall to well room. 

Utilidor through site 
Further consideration 
required crossing 24" 
transmission main and 
other utilities. 

Estimated Electrical Load 
15 kVA (65 A at 240 V 1-
phase). 

14 kVA (40 A at 208 V 3-
phase). 

30 kVA (82 A at 208 V 3-
phase). 

 32 kVA (131 A at 240 V 
1-phase). 
 Demand exceeds 

existing panel capacity, 
according to as-built 
load calcs. 

 14 kVA (40 A at 208 V 3-
phase). 
 Demand exceeds 

existing panel breaker 
capacity. 

14 kVA (40 A at 208 V 3-
phase). 

30 kVA (82 A at 208 V 3-
phase). 

 30 kVA (82 A at 208 V 3-
phase). 
 Demand exceeds 

existing panel capacity, 
according to latest plan 
load calcs. 

Control Requirements 

Either connect directly to 
the ControlLogix MTU via 
Ethernet, one of the 
MicroLogix RTUs via 
hardwire, or install a new 
MicroLogix 1400 locally. 

Either connect directly to 
the SLC 505 PLC (either 
Ethernet or hardwire), or 
install a new MicroLogix 
1400 locally.  

Either connect directly to 
the MicroLogix PLC via 
hardwire, or install a new 
MicroLogix 1400 locally.  

Either connect directly to 
the MicroLogix PLC via 
hardwire, or install a new 
MicroLogix 1400 locally.  

Either connect directly to 
the MicroLogix PLC via 
hardwire, or install a new 
MicroLogix 1400 locally.  

Either connect directly to 
the MicroLogix PLC via 
hardwire, or install a new 
MicroLogix 1400 locally.  

Either connect directly to 
the MicroLogix PLC via 
hardwire, or install a new 
MicroLogix 1400 locally.  

Either connect directly to 
the MicroLogix PLC via 
hardwire (assuming the 
new PLCs are identical to 
most sites), or install a 
new MicroLogix 1400 
locally.  

Telemetry Requirements 
MTU on site.  
Remote monitoring with 
local controls. 

RTU available. 
Remote monitoring with 
local controls. 

RTU available. Remote 
monitoring with local 
controls. 

RTU available. 
Remote monitoring with 
local controls. 

RTU available.  
Remote monitoring with 
local controls. 

RTU available.  
Remote monitoring with 
local controls. 

RTU available.  
Remote monitoring with 
local controls. 

RTU likely available.  
Remote monitoring with 
local controls. 

Station Service Voltage 120/208 120/208 120/208 120/240 120/208 120/208 120/208 120/240 
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Site and right-of-way improvements will be required to incorporate truck turnarounds for the 
Parkwater, Ray, and Central Well Stations.  

Tree removal will be avoided where possible. Landscaping will likely be required for sites in 
residential zones such as Central, Ray, and Hoffman. Water service and electrical service will be 
provided to the new building and the fluoride solution injection line between the fluoride building 
and the well station will be installed in an accessible utilidor for future maintenance and 
replacement. 

Most of the well station sites have plenty of space for additional yard piping. However, the Nevada 
and Grace Well Stations are located at the Water Department site where there are numerous fiber 
optic communication lines installed under the site that were not marked for the condition 
assessment phase of this project. These will need to be coordinated with any new yard piping on 
the site. Also, the Havana Well Station site will require numerous utility crossings with the 
proposed fluoride solution injection line which will need to be evaluated during design. 

3.1.2.3 General Building Requirements 

Proposed building sizes for both chemical alternatives are summarized in Table 3-3 and are 
illustrated on the site plans in Appendix A and in the building, layout concepts in Appendix B. Each 
building construction type will align with the architectural style of the existing well station in 
residential zones to limit visual impact to the neighborhood. A geotechnical evaluation for each 
site will be required during final design, as well as design of HVAC systems. For facilities where the 
new fluoridation building will be attached to the existing well station building, the new building 
will need to be evaluated to determine if it can tie into the existing building footing or if the new 
structure needs a stand-alone foundation. 

Due to space limitations on the Central Well Station site, the existing control building must be 
demolished down to the foundation and a new building constructed to accommodate the 
fluoridation equipment. Concept-level building layouts (liquid chemical and dry chemical) for the 
sites are included in Appendix B. 

3.1.2.4 Electrical and Controls Requirements 

The specific estimated electrical requirements for each well station are shown in Table 3-3. More 
electrical circuits would likely be required for the dry chemical option compared to the liquid 
chemical option. 

The programable logic control (PLC) monitoring controls strategy between the liquid and dry 
options would likely differ, but this would not affect equipment cost. Further, the existing 
MicroLogix 1100 PLCs at the well pump stations are no longer manufactured, so replacement parts 
are limited. The existing City-owned MicroLogix 1100 PLCs will continue to operate, and 
programming can still be modified, but the 1100 hardware is not supported by the manufacturers. 
Replacement of the PLCs with a MicroLogix 1400 model at each station needs to be assessed 
further during pre-design of the preferred alternative.  
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3.1.2.5 Dry Chemical Facility Requirements 

The new chemical building required to accommodate the dry chemical equipment would have a 
smaller footprint, but a larger height compared to the liquid chemical option to accommodate the 
bulk bag unloader equipment used to handle the chemical super sacks. It is recommended that 
due to the corrosive nature of the chemicals, the chemical handling equipment be located in a 
separate room from any electrical or controls equipment. The sodium fluoride saturator would 
most likely be installed below grade to avoid an excessive building height and to keep it below the 
bulk bag unloader so that chemical is added to the saturator via gravity. The saturator height must 
be sufficient to accommodate the following. 

 an underdrain  
 a gravel bed 
 at least 12 inches of chemical, at all times 
 additional chemical height after a super sack is unloaded 
 saturated solution above the sodium fluoride layer  
 freeboard space 

The building layout sizes in Appendix B assume that the City’s reserve chemical storage would be 
located offsite allowing the City to better manage stored chemicals and increase storage during 
peak summer demand seasons. Only one super sack would need to be stored in the building at 
one time. The saturator could be sized larger so that more than one super sack could be dumped 
into the saturator during a visit, decreasing deliveries to the sites. For well stations that are offline 
during the winter months, operations would plan to use all dry chemical within the bulk bag 
unloader before shutdown. To provide further flexibility a 50-pound bag unloading hood could be 
added directly to the saturator to allow operators to load small volumes of dry chemical as needed 
during the spring and fall operational transition periods. 

3.1.2.6 Liquid Chemical Facility Requirements 

The proposed building for the liquid chemical (see Appendix B) would likely have a larger footprint 
compared to the dry chemical building due to the size of the storage tanks. Both tanks (bulk and 
day tank) are required to have secondary containment. Some manufacturers offer double-walled 
tanks that have built-in containment; if these are not used containment would likely be installed 
below-grade. The liquid facility layouts include a day tank and a transfer pump to move the 
chemical from the bulk tank to the day tank. It is important that chemical fumes are vented 
upwards since the chemical rises and can create an unpleasant odor. It is also recommended that 
chemical storage and handling equipment be located in a separate room from any electrical or 
controls equipment due to the corrosivity of the chemical fumes. 

3.2 Operations and Maintenance Considerations 
This portion is a general overview of operation, maintenance, and safety considerations. This 
section lists common factors and/or basic procedures for each chemical. 
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3.2.1 Sodium Fluoride System Operation and Maintenance 

A saturator or saturator-style tank would be used to create the four percent sodium fluoride 
solution. The saturator would be fed using a super sack loaded into the bulk bag unloader which 
reduces product dusting and operator exposure. To minimize dust, additive bags should be 
secured in the bulk bag unloader before it is opened. Operation activities includes loading super 
sacks and checking the sodium fluoride bed to verify a sufficient supply of product. When the bed 
is depleted, the operator would add another super sack of product to the bed. 

The concept-level alternatives assume that each saturator is sized to hold one super sack volume 
of chemical above the minimum bed depth. However, the frequency of chemical deliveries to each 
site could be reduced with a larger saturator so that more than one super sack would be 
discharged into the saturator during a delivery site visit. 

Maintenance should be performed regularly to ensure that all equipment is working correctly. 
Table 3-4 provides a summary of typical operations and maintenance activities for sodium fluoride 
dry chemical injection systems. 

Table 3-4 | Sodium Fluoride Recommended Operations and Maintenance Schedule 
Daily/Weekly 

Inspect the system 
Look for leaks 
Check additive solution levels 
Check the solution level switch 
Check hoses for air leaks 
Check the pump for prime 
Super sack delivery and refill feed hopper unloader 

Quarterly 
Remove cinders or encrustations in the saturator, pipes, and hoses 
Verify a uniform flow through the additive bed 
Verify water softener is in working order 
Verify water strainer 
Check all piping for leaks 
Inspect tank level measurements (floats, gauges, etc.) 
Calibrate the pump delivery rate 
Rotate the additive inventory 

Bi-Annually 
Check the lubrication and adjustments of motor driven pumps 
Check for crystalline deposits in valves, lines, hoses, and injectors 
Disassemble and clean foot valves, lines, hoses, and injectors 
Test the operation of vacuum breakers and anti-siphon valves 
Disassemble and replace worn parts of vacuum breakers and anti-siphon valves 
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Annually 
Thoroughly clean the saturator/tank 
Disassemble and replace worn parts of metering pumps 
Replace hoses, diaphragms, seals, etc. of metering pumps 
Flush feed lines 
Clean foot valves, suction/discharge valves, anti-siphon valves, vacuum breakers, and injection check 
valves 

3.2.2 Liquid (FSA) Operation and Maintenance 

A typical bulk FSA system includes an exterior fill port on the building for the bulk tank and then a 
manual transfer pump is used to convey FSA from the bulk storage tank to the day tank. Gravity 
feeding of day tanks from bulk tank should be avoided. Tanks should never be filled automatically, 
and transfer of FSA should always be monitored (10 States Standards and CDC requirements). 

Table 3-5 provides a summary of typical operations and maintenance activities for FSA chemical 
injection systems. 

Table 3-5 | FSA Recommended Operations and Maintenance Schedule 
Daily 

Inspect the system 
Look for leaks or differences 
Check additive solution levels 
Check hoses for air locks 
Check the pump for prime 
Fill the day tank 

Quarterly 
Check all piping for leaks 
Check gas venting for integrity 
Check pipes and hoses for encrustations 
Inspect tank level measurements (floats, gauges, etc.) 
Calibrate the pump’s delivery rate 

Bi-Annually 
Check the lubrication and adjustments of motor driven pumps 
Check for crystalline deposits in foot valves, lines, hoses, and injectors 
Disassemble and clean foot valves, lines, hoses, and injectors 
Test the operation of vacuum breakers and anti-siphon valves 
Disassemble and replace worn parts of vacuum breakers and anti-siphon valves 

Annually 
Disassemble and replace worn parts of metering pumps 
Replace hoses, diaphragms, seals, etc. of metering pumps 
Flush feed lines 
Clean foot valves, suction/discharge valves, anti-siphon valves, vacuum breakers, and injection check 
valves 
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3.2.3 Staffing Levels 

Based on the previous recommended operations and maintenance activities the following level of 
effort has been developed to determine requirements for full-time equivalent (FTE) operational 
staff needs. 

Table 3-6 provides a summary of hours per day, per month, and per year. The costs associated 
with these staffing requirements are included in the 50-year life cycle cost analysis in Section 3-3. 

Table 3-6 | O&M Staffing Requirements 

Task Daily Monthly Yearly 

Both Systems 
Daily Inspection 7 210 2,520 
Daily Distribution Monitoring 4 120 1,440 
Preventative Maintenance   4 48 
Materials Replacement Costs 

 
4 48 

Safety Costs   2 24 
I&C Maintenance 

 
2 24 

Dry Chemical System Only  
Super sack Replacement  3.5* 105 1,260 
Chemical Delivery   2 24 
Equipment Maintenance   1,232 

Total Staff Hours Per Year: Dry Chemical System 6,620 
Staff FTE: Dry Chemical System 3.2 

Liquid Chemical System Only  
Day Tank Fill 3.5 105 1,260 
Chemical Loading 

 
7 84 

Equipment Maintenance   868 
Staff Hours Per Year: Liquid Chemical System 6,316 

Staff FTE: Liquid Chemical System  3.0 
*Averaged over the week; super sack replacement would not need to occur every day. 

3.2.4 Safety 

These general recommended practices are based on the CDC’s understanding of the consensus of 
various safety data sheets (SDS) practices. The CDC recommends that personnel in potential 
contact with fluoride products always wear personal protective equipment (PPE). The equipment 
will vary based on the task being performed. Even with a full-face shield and goggles, eye irritation 
is possible, especially if PPE fails. In the event of a spill, a safety shower and eye wash station should 
be available for immediate use. The manufacturer’s SDS is the primary source of information for 
PPE required to handle concentrated fluoride additive product.  
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Exposure to single, large doses of concentrated fluoride additive product results in symptoms that 
vary by person. These include nonspecific symptoms: headache, sweating, excessive salivation, 
tearing, mucous discharges from nose and mouth, diarrhea, and generalized weakness. Potentially 
fatal symptoms include spasms, tetany and convulsions, weak pulse, low blood pressure, irregular 
heartbeats, and pulmonary edema. 

In 2006, United States Environmental Protection Agency (EPA) reviewed current health effect 
information for the primary maximum contaminant level (MCL) of 4.0 milligrams per liter (mg/L) 
based on quantitative risk assessment for severe dental fluorosis, the risk for increased bone 
fractures as related to fluoride, and the less than crippling form of skeletal fluorosis (Stage II 
skeletal fluorosis).  The review panel recommended updating the MCL.  The EPA is conducting new 
research on the impacts of skeletal fluorosis, and skeletal fractures and has updated the source 
contributions for fluoride.  The EPA may update the MCL or MCLG based on health effects in the 
future.  The lethal dose of fluoride is currently thought to be from 2 to 8 milligrams per kilogram 
of body weight with lethal doses reported with levels of 16 milligrams per kilogram (mg/kg) in 
children and 32-64mg/kg in adults. 

Use of PPE should be determined for each task based on a site-specific risk assessment. Risk 
assessments should consider the following. 

 Using PPE 

 Long gloves, coveralls, boots, apron, safety goggles, and face shield1 

 Not eating or smoking in an additive storage area 

 Cleaning up an additive storage area promptly after a spill 

 Washing clothes and body after exposure to concentrated additive product 

 Washing hands after exiting an additive product storage area 

 Having a backup “buddy” when entering any additive product storage area 

 Using a checklist when conducting safety and operating procedures 

 Documenting checklist use 

 Access to a first aid kit including a burn kit and acid neutralizer 

 

1 Note: Based on developed standard operating procedures (SOPs), may allow for handling of sodium fluoride that 
limits operators’ exposure and reduce need for PPE. 

https://www.wikidoc.org/index.php/Body_weight
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 Spill control response aids should be readily accessible wherever liquid additives are 
handled. Spill control absorbent pillows and dams should be used for initial containment. 
Follow-up action to neutralize the acid with lime or caustic soda is essential. 

Overfeeding of either chemical above 4 mg/L would pose a City-wide hazard for all customers of 
the water system; however, numerous redundant design features would be incorporated to 
prevent overfeed, including the following. 

 Process control 
 Equipment calibration 
 Anti-siphon devices 
 Backpressure 
 Calibration columns 
 Analyzer(s) 
 Check valve(s) 
 Flow switch(es) 

3.2.5 Operator Certification 

The requirements for operator certification were reviewed based on the Washington State 
Department of Health Purification Plant Criteria Worksheet. As noted in the worksheet, a water 
system with groundwater supply with only chlorination is considered a distribution system, not a 
water treatment facility. The addition of fluoride would result in a reclassification of water 
treatment certification. The City currently provides residual disinfection and at this level of 
treatment does not require a certified water treatment plant operator. The addition of fluoride 
would result in a reclassification per WAC 246-292-050 that requires a minimum operator 
certification of Water Treatment Plant Classification 2, WTPO 2. The City will need to designate at 
least one certified operator in responsible charge of the fluoridation system at this certification 
level. 

3.3 Cost 
Concept-level Class 5 capital costs (as defined by AACE International) were developed for each of 
the chemical alternatives and each well station. Because some elements of the alternatives design 
were created at a concept-level for this OPCC, the OPCC can be classified with accuracy ranges of 
-30 percent on the low side and +50 percent on the high side. According to AACE International, 
Class 5 estimates are useful for high-level screening studies such as the alternatives analysis in this 
Report. A concept-level 50-year LCCA was developed based on the concept alternatives defined in 
Section 3.1. All costs (see Table 3-9) are in August 2022 US Dollars based on information available 
at the time the costs were developed. Because the construction date(s) of the fluoridation systems 
is (are) unknown, capital costs were not escalated to a future construction year.  



 

22-3386 Page 3-14 Fluoridation System Alternatives 
December 2022 Summary of Alternatives City of Spokane 

Final costs will depend on the following. 

 actual field conditions 
 actual material and labor costs 
 market conditions for construction 
 regulatory factors 
 final project scope 
 method of implementation 
 schedule  

Detailed workups of the costs are included in Appendix D. The capital OPCC unit costs were based 
on the Murraysmith estimating database.  

The Murraysmith estimating database is stored within HCSS Heavybid Software. The estimating 
data based was developed from data across multiple industries and disciplines. The data base 
includes but is not limited to the costs from projects related to heavy civil, buildings, roads, 
railways, bridges, airports, dams, sewer systems, trenchless projects, tunnels, demolition, drilling 
and blasting operations,  water systems, wastewater treatment facilities, landfills, concrete 
structures, under water construction projects, water filtration systems, dewatering systems, 
aquifer storage and recovery well construction, electrical generation facilities, electrical 
distribution systems, environmental protection projects, storm water management projects, and 
emergency response projects.  

The Murraysmith database includes complete integration with RS Means, most of the United 
States Department of Transportation (DOT) unit cost data bases, and other national and regional 
costs data sources. The actual bid tab results from DOT websites are also integrated into the 
Heavybid system for easy comparison. These data bases together with the data form current and 
past projects allow Murraysmith to provide the most current cost available. Because of uncertainty 
with supply chains and market conditions Murraysmith does not recommend or use average unit 
costs, or unit cost averages that are older than 3 years.  

Database inputs include labor, equipment, materials, subcontractor quotes, specialty equipment, 
and local contractor quotes as required. The estimates may also include costs that are derived 
from first principles. This input is updated on a quarterly basis or as required by project specific 
requirements. The inputs are organized by state and region within each state. This provides the 
most current and accurate cost data for a project within a specific region. For this OPCC, the 
Murraysmith data is measured against the Washington DOT information, the Spokane Washington 
RS Means information, and supplemented with current specialty equipment cost, or other regional 
data.  

The OPCC costs were based on the following additional assumptions. 

 Budgetary manufacturer quotes were used for the dry chemical bulk bag unloader (which 
includes the bag powder seal) and the liquid bulk and day storage tanks. 
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 Other equipment costs were based on Murraysmith’s estimating data base of capital cost 
information.  

 Site improvements were based on Murraysmith’s database of capital cost information. 
Larger site improvements costs were used for sites with industrial or commercial zoning 
such as Parkwater or the Grace-Nevada site. 

 Building costs were based on Murraysmith’s database of capital cost information.  

o Larger building costs were used for sites located in residential zones where the 
architectural style would need to match the existing well station.  

o Various building sizes were developed to scale with the capacity of the well stations, 
see Appendix B. 

o Optimization of the larger building layouts may help with cost savings during 
preliminary design. While a square-shaped building may work best with some sites, a 
longer-shaped building is a more efficient use of indoor equipment space. 

o Unit building costs include HVAC, dust and gas venting/scrubbing, and safety 
equipment. 

o Replacement of HVAC systems due to corrosion was not evaluated and is within the 
contingency of a Class 5 estimate. 

o Dry chemical costs include three standalone dry chemical storage facilities. The well 
stations would share storage between the three facilities.  

 It was assumed that the existing control building located at the Central Well Station site 
would be demolished to the foundation and replaced with a new facility housing existing 
well controls, existing chlorination equipment, and the proposed fluoridation system. 

 Land or right-of-way acquisition is not expected to be required. 

 Fluoride injection or water service yard piping were not included for sites where the 
building is not located next to the well station, since fluoride injection design will not begin 
until preliminary design. 

 A 30 percent contingency was applied to the capital costs. 

The life cycle cost analysis was based on the following assumptions and inflation projections. 

 A 50-year life cycle. 

 A five percent net present value discount rate was applied to the first 20 years of the LCCA; 
a discount rate of three percent was used for the last 30 years. 
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 Equipment maintenance and repairs were assumed to be two percent of capital costs each 
year. 

 The LCCA includes estimated energy costs. 

 Chemical cost budgetary quotes were obtained from two different suppliers. The highest 
supplier cost was used for the LCCA. See Table 3-7. The chemical demand estimate for each 
well station was based on average production in 2021 for the portion of the year a well 
station is typically operated (e.g., the smaller wells are typically not used in the winter). 

 Labor costs were based on the FTE assumptions noted in Table 3-2 and a labor cost of $70 
per hour. 

 Electrical and controls equipment were assumed to require replacement every 10 years. 
All other equipment, including site driveways were assumed to require replacement every 
20 years. 

 A 30 percent contingency was applied to the LCCA costs. 

 Inflation was projected at a variable rate for the next 50 years based on current and 
anticipated future market conditions, as shown in Table 3-8. 

Table 3-7 | Annual Chemical Costs 

Well Station Monthly Liquid 
Demand (lbs) 

Monthly Dry 
Demand (lbs) 

Number of 
Operating 

Months Per Year 

Dry Cost Per 
Year 

Liquid Cost Per 
Year 

Well Electric 23,827 9,305 12 $ 256,900 $ 143,000 
Parkwater 29,970 11,704 12 $ 323,100 $ 179,900 

Nevada 14,064 5,492 8 $ 101,100 $ 56,300 
Grace 11,293 4,410 8 $ 81,200 $ 45,200 

Hoffman 5,950 2,324 8 $ 42,800 $ 23,900 
Central 11,295 4,411 8 $ 81,200 $ 45,200 

Ray 12,833 5,011 8 $ 92,300 $ 51,400 
Havana 10,348 4,041 12 $ 111,600 $ 62,100 

TOTAL 119,581 46,699  $ 1,090,200 $ 607,000 

Table 3-8 | Assumed LCCA Inflation Rate Projections 

Year Range Annual Inflation Rate Projection 

2022-2023 12.5% 
2023-2024 12.0% 
2024-2025 8.0% 
2025-2050 5.0% 
2050-2080 3.0% 
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Table 3-9 | Class 5 OPCC and LCCA 

2022 Dollars Dry Chemical Liquid Chemical 
% Difference 
Capital Cost 

% Difference 
Operating Cost 

Well Station Capital 
50-Year 

LCCA 

Average 
50-Yr 

Annual 
Operating 

Capital 50-Year LCCA 
Average 50-Yr Annual 

Operating 
Dry minus 

Liquid Dry minus Liquid 

Well Electric 
$ 

1,616,000 
$11,199,000 $224,000 $ 1,423,000 $ 8,772,000 $ 176,000 12% 22% 

Parkwater $ 
1,865,000 

$12,266,000 $246,000 $ 1,683,000 $ 9,189,000 $ 184,000 10% 25% 

Ray 
$ 

1,332,000 
$6,656,000 $134,000 $ 1,108,000 $ 5,419,000 $ 109,000 17% 19% 

Central 
$ 

1,622,000 
$6,722,000 $135,000 $ 1,328,000 $ 5,379,000 $ 108,000 18% 20% 

Grace/Nevada 
$ 

1,616,000 
$10,139,000 $203,000 $ 1,423,000 $ 8,182,000 $ 164,000 12% 19% 

Hoffman 
$ 

1,332,000 
$6,656,000 $134,000 $ 1,108,000 $ 5,419,000 $ 109,000 17% 19% 

Havana 
$ 

1,618,000 $8,396,000 $168,000 $ 1,436,000 $ 7,100,000 $ 142,000 11% 15% 

Total 
$ 

11,001,000 
$62,034,000 $1,244,000 $ 9,509,000 $ 49,460,000 $ 992,000 14% 20% 

The cost analysis shows that the two chemical alternatives are comparable in terms of capital costs. Because the liquid chemical bulk 
storage is located onsite, the larger well stations have more expensive liquid chemical buildings and almost match capital costs for the 
dry chemical option. However, the liquid chemical capital costs are lower for the smaller well stations since the building is smaller and 
equipment is cheaper compared to the dry system. 

For all sites, the dry chemical alternative was estimated to cost about 15-25 percent more in operational costs primarily due to the cost 
of the chemicals. 
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Section 4  

Alternatives Assessment 

4.1 Alternatives Screening 
This section details a review of the evaluation criteria defined in Section 2.3 for the dry and liquid 
chemical options. Table 4-1 summarizes this evaluation for quick reference.  

Sodium fluorosilicate was eliminated from consideration due to the limited long-term supply 
availability. 
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Table 4-1 | Alternatives MODA Screening Data 

MODA Criterion Dry Chemical Liquid Chemical 

ENVIRONMENTAL AND SUSTAINABILITY 

Impact to 
Aquifer 

A leak would be limited to saturator smaller volume. 
Higher chance of chemical spill in dry form, but lower impact 
to aquifer (easier to clean up). 

Higher potential impact with liquid spill or leak with delivery 
and bulk storage. Lower chance of spill. 

Energy Use Similar, additional electrical components and dust control. Similar, additional fume ventilation required. 
Impact to 
Critical Areas Same, site dependent. Same, site dependent. 

Impact to City's 
Sustainability 
Goals 

Higher carbon footprint due to more frequent delivery trips. Lower carbon footprint due to fewer delivery trips. 

NEIGHBORHOOD IMPACTS 
Impacts During 
Construction Same, site dependent. Same, site dependent. 

Cultural Impacts Same, site dependent. Same, site dependent. 
Aesthetic 
Impacts 

Higher with additional building height requirements for 
hopper system. Larger building, shorter height. 

Historical 
Preservation 
Impacts 

Same, site dependent. Same, site dependent. 

Traffic Impacts 

 Smaller delivery vehicle. 
 During peak demand: 2 trips per week for Parkwater, 1 

trip per month for Hoffman 
 During winter demand: 1-2 trips per week for Parkwater, 2 

trips per month for Havana (smaller wells not operating) 
 Construction traffic same. 

 Monthly or bi-monthly chemical deliveries. 
 Larger delivery vehicle. 
 Construction traffic same. 

Noise, Air 
Quality, and 
Odor Impacts 

 No noticeable odor. 
 Construction noise same. 

 More odor potential but can be mitigated by ventilation 
design. 
 Construction noise same. 

SAFETY--PUBLIC 
Local 
Neighborhood 
Hazards 

More delivery traffic; see above. Less delivery traffic; see above. Potential for spills. 

Hazards to 
Broader Region Less with dry chemical. Higher potential impact from spills. 

SAFETY--WORKER 
Chemical 
Unloading/Loadi
ng 

Forklift safety considerations and addressing dust filling 
hopper. Truck loading containment needed for spills. 

Chemical 
Handling/Expos
ure 

More chemical handling with super sack delivery. 
Higher exposure potential with dry chemical. 
Chemical exposure is less hazardous to worker. 

Lower chemical handling. 
Lower exposure potential with liquid chemical. 
Chemical exposure is more hazardous to worker. 

Process Safety 
Management Not subject to OSHA Process Safety Management Not subject to OSHA Process Safety Management 

PPE Required Respiratory and skin exposure protection. Leather gloves, 
coveralls, respirator, and goggles. 

Splash protection. Long gloves, coveralls, apron, boots, 
googles, and face shield. 

Safety 
Equipment 
Required 

Same. Same. 

SERVICE RELIABILITY 
Extreme 
Conditions 
Resiliency 

Same. Same. 

Overfeeding 
Impacts Same. Same. 

System Ability to 
Meet Regulatory 
Requirements 

Same. Same. 

Outcomes at 
Customer Tap Same. Same. 

Chemical Purity 
Consistency Same. Same. 

Chemical 
Availability Multiple manufacturers. Multiple manufacturers. 

Chemical 
Damage to 
Equipment/Facil
ities 

Lower corrosivity. 
Higher potential for clogging/caking in equipment. 

Higher potential with corrosive nature. 
Lower potential for clogging in equipment. 
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MODA Criterion Dry Chemical Liquid Chemical 

EASE OF MAINTENANCE AND OPERATIONS 
Training and 
Certifications Same – WTPO 2 Same – WTPO 2 

FTEs needed Based on Table 3.6, estimated 3.2 FTEs. Based on Table 3.6, estimated 3.0 FTEs. 
Ancillary 
Equipment 
Needed 

Need for delivery truck and forklift, and bulk bag unloader. 
Requires ventilation systems with dust collection filter. 

Less with just liquid chemical storage tanks. Requires 
ventilation system. 

Number of Visits 
to Site Per Week 

 Daily for equipment inspection. 
 Super sack delivery during peak demand: 2 trips per week 

for Parkwater, 1 trip per month for Hoffman 
 Super sack delivery during winter demand: 1-2 trips per 

week for Parkwater, 2 trips per month for Havana (smaller 
wells not operating) 

 Daily for equipment inspection. 
 Daily to fill day tank 
 Monthly or bi-monthly chemical delivery to site 

Equipment 
Replacement Higher for mechanical equipment. Lower, with higher tank life. 

Equipment 
Cleaning 

Higher with dry chemical to address chemical caking and 
cleaning of sa Lower with liquid. 

Other 
Equipment 
Maintenance 

Additional for bulk bag unloader, ventilation filter cleaning, 
and water softener, beyond regular storage tanks and 
metering pumps maintenance. 

Less with just liquid chemical storage tanks and metering 
pumps maintenance. 

Chemical Shelf 
Life Same. Same. 

Time Spent at 
Each Site Per 
Visit 

 30 minutes per visit for daily inspection. 
 For super sack deliveries: Approx 1.5 hours/visit per site. 

 30 minutes per visit for daily inspection. 
 30 minutes to fill day tank 
 2 hours for chemical delivery 
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4.2 Alternatives Evaluation 

4.2.1 Environmental and Sustainability Impacts 

The short-term and long-term impacts of each chemical alternative include potential for 
contamination of the aquifer, facility energy use, impact to critical areas, and overall impact on 
the City’s Sustainability Goals.  

4.2.1.1 Chemical Considerations 

Both chemicals use a similar amount of power for equipment and building operation. However, 
fewer delivery trips would be required for transport of the liquid chemical. A spill of the dry 
chemical would be easier to clean up and has less potential to infiltrate into the aquifer. A spill of 
the saturator tank would be more likely to reach the aquifer compared to the dry chemical as 
delivered. However, the saturator volume is much smaller compared to the liquid chemical bulk 
tanks. The liquid chemical has a higher potential for a large spill which could contaminate the 
aquifer; this risk would be mitigated via liquid double containment as discussed in the Alternatives 
Summary section.  

4.2.1.2 Site Considerations  

The Well Electric Well Station is located along the Spokane River, so this site has the highest 
potential to impact critical areas in the event of a spill. 

Removal of large trees can most likely be avoided for most sites; see Table 3-3. 

4.2.2 Neighborhood Impacts  

Cultural impact, aesthetics, historical preservation, impacts during construction, and traffic were 
evaluated as potential impacts to the neighborhood of each well station. Noise, air quality, and 
odor were also considered. 

4.2.2.1 Chemical Considerations 

Traffic impacts depend primarily on chemical type. Because the liquid chemical is delivered in bulk 
it requires a larger delivery truck, though deliveries are less frequent compared to the dry 
chemicals. Aesthetically, the dry chemical may have more of an impact on the neighborhood due 
to the height requirements for the chemical hopper system, though the liquid building would likely 
have a larger footprint. Noise and air quality impacts would be minimal for either chemical since 
the equipment would be enclosed. 

Sodium fluoride carries no noticeable odor, but FSA causes an unpleasant acidic odor. Proper 
ventilation design of the facility can direct the odor upwards. Since the fumes are lighter than air, 
they will rise and have a negligible effect on the local neighborhood. 
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4.2.2.2 Site Considerations 

For historical preservation and aesthetic purposes, the architectural style of the existing well 
stations located in residential zones will be used for the proposed fluoridation facilities. These 
include the Hoffman, Ray, Central, and Havana Well Stations. These well stations would also 
experience a higher impact during construction compared to well stations located in commercial 
or industrial areas. 

Due to its location on the Spokane River, the Well Electric Well Station likely has the highest 
potential for cultural impacts if artifacts are found or impacted during construction. 

4.2.3 Safety—Public 

Both local neighborhood and regional safety impacts were considered for each chemical 
alternative. 

4.2.3.1 Chemical Considerations 

The higher level of delivery traffic required for the dry chemical would pose a higher safety risk to 
the local neighborhood. A spill of the dry chemical is unlikely to leak into the aquifer and would 
not impact public safety. The liquid chemical would have a higher impact on the broader region in 
the event of aquifer contamination, though a small spill could be mitigated before aquifer 
contamination. Secondary containment is required for the liquid chemical buildings (both storage 
and loading area), so a large spill is unlikely. Neither chemical poses a high fire risk compared to a 
normal commercial building; however, if a fire should occur, fluoride additive products can release 
hydrogen and hydrogen fluoride gas, which requires special PPE for first responders. Under normal 
operating conditions, this gas is not a hazard for system operators. Further fluoride and chlorine 
needs to be located in separate areas with separate containment to address any potential 
chemical interactions. 

4.2.3.2 Site Considerations 

The Hoffman, Ray, Central, and Havana Well Stations are located in residential neighborhoods, so 
delivery, construction, and maintenance traffic would have a higher safety impact for these sites. 

4.2.4 Safety—Worker 

Safety impacts to the operators were considered in terms of chemical loading and unloading and 
chemical handling and exposure. Specific safety processes and required PPE are described in 
Section 3.2.4. 

4.2.4.1 Chemical Considerations 

Skin exposure to sodium fluoride is less hazardous than respiratory exposure, but the chemical 
can cause burns. Recommended PPE includes leather gloves, coveralls, a respirator, and goggles. 
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The chemical is delivered in a granular form which limits dust. The bulk bag unloader equipment 
for the dry chemical includes dust collection equipment and dust sealing features which are 
designed to limit worker dust exposure. Forklift and bulk bag unloader crane safety procedures 
may be needed to protect workers during use of chemical loading equipment.  

Splash protection is the most concerning hazard for FSA; recommended PPE includes long gloves, 
coveralls, apron, boots, goggles, and face shield. Even with a full face shield and goggles, eye 
irritation is possible in proximity to FSA, especially if PPE fails. In the event of a spill, a safety shower 
and eye wash station should be available for immediate use. Spill containment for the liquid 
chemical will be required both at the chemical loading connection to the fluoridation building and 
around the bulk storage tank.  

4.2.4.2 Site Considerations 

Worker safety considerations are likely to be similar for all well stations. 

4.2.5 Service Reliability  

The reliability of the fluoridation system was evaluated in terms of resiliency during extreme 
conditions, the impact of fluoride overfeeding, the system’s ability to meet regulatory 
requirements, outcomes at the customer’s tap, consistency in chemical purity, chemical 
availability, and potential chemical damage to equipment or facilities. 

4.2.5.1 Chemical Considerations 

Sodium fluoride and FSA are both produced by multiple manufacturers; however, there are a 
limited number of manufacturers who produce sodium fluorosilicate and supply is limited and 
unreliable. Because a long gap in chemical availability would result in an extended outage of the 
fluoridation system, sodium fluorosilicate was eliminated from the chemical alternatives 
evaluation. The liquid chemical has a higher potential to damage equipment and facilities due to 
its corrosive nature but is unlikely to cause an outage of the system if equipment is maintained 
properly.  

Overfeeding impacts, resiliency under extreme conditions, ability to meet regulatory 
requirements, the outcomes at customer taps, and the consistency of chemical purity are unlikely 
to vary between chemical types.  

4.2.5.2 Site Considerations 

Service reliability is unlikely to vary between sites. 
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4.2.6 Ease of Maintenance and Operations 

4.2.6.1 Chemical Considerations 

The liquid chemical equipment will likely require less maintenance compared to the dry chemical, 
though the daily filling of the day tank and inspection of the feed equipment is required. For the 
dry chemical, multiple deliveries of the chemical super sack are required every week or month, 
depending on the time of year, whereas the liquid chemical would be delivered less frequently. 
For each operator to visit the site, more time would need to be spent at the site unloading the dry 
chemical. Chemical shelf life does not vary between chemicals. The dry chemical would require 
the largest and most expensive ancillary equipment including a City delivery truck and forklift. 

Additionally, for either chemical, an operator with a WTPO 2 certification is required, which is not 
currently held by any of the City’s staff. 

4.2.6.2 Site Considerations 

The Parkwater Well Station is the highest producing well station in the system, so it would require 
the most frequent operator visits and delivery of the dry chemical (multiple times per week). Since 
the dry chemical super sacks would likely be stored in bulk at the Water Department warehouse 
on E North Foothills Drive, dry chemical loading for the Nevada and Grace Well Stations would be 
simpler and would likely not require a delivery truck. For the facilities that are typically not 
operated during the low-use season, chemical deliveries, day tank operation, and daily inspection 
would not be needed between October and March unless the off-season wells are turned on. 
These well stations are Grace, Nevada, Central, Hoffman, and Ray. 
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Section 5  

Assessment Summary 
Table 5-1 summarizes key considerations for each chemical alternative (dry chemical: sodium 
fluoride; liquid chemical: FSA) as discussed in this Report. 

Table 5-1 | Key Alternatives Considerations 

Alternative Criterion Dry Chemical Liquid Chemical 

Cost: Capital  
(2022 Dollars) 

$11.00M $9.51M 

Cost: Annual Operational (2022 
Dollars) 

$1.24M $0.99M 

ENVIRONMENTAL AND 
SUSTAINABILITY 

 Higher carbon footprint 
 Lower impact of spill 
 Higher risk of spill 

 Lower carbon footprint 
 Higher impact of spill 
 Lower risk of spill 

NEIGHBORHOOD IMPACTS 

 Higher building with smaller 
footprint. 

 More frequent traffic (1-4 trips 
per month per site), but smaller 
delivery vehicle. 

 No noticeable odor. 

 Larger building, but shorter 
height. 

 Less frequent traffic (monthly or 
bi-monthly) but larger delivery 
vehicle. 

 Odor can be mitigated. 

SAFETY--PUBLIC 
 More delivery traffic. 
 Less potential for chemical spills. 

 Less delivery traffic. 
 Higher potential for spills. 

SAFETY--WORKER 

 Respiratory exposure, respirator 
required. 

 Some skin protection required 
but less compared to liquid 
chemical. 

 More chemical handling; higher 
risk of exposure. 

 Exposure is less hazardous to 
worker. 

 Smaller containment required. 
 Forklift safety considerations. 

 Splash protection required. 
 More PPE required. 
 Less chemical handling; lower risk 

of exposure. 
 Exposure is more hazardous to 

worker. 
 Larger containment required. 

SERVICE RELIABILITY 

 Less potential to damage 
facilities. 

 More chance of clogging/caking 
in equipment. 

 Corrosivity may damage facilities. 
 Lower change of clogging in 

equipment. 

EASE OF MAINTENANCE AND 
OPERATIONS 

 Deliveries are more frequent but 
require less time per delivery. 

 No daily operation of facilities 
other than inspection. 

 More equipment maintenance 
required. 

 Forklift required. 
 Estimate 3.2 FTEs. 

 Less frequent deliveries, but more 
time required per delivery. 

 Daily transfer pump operation 
required. 

 Less equipment maintenance 
required. 

 Estimate 3.0 FTEs. 
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The information in this section will be used to “score” the liquid and dry chemical options against 
the City’s MODA criteria as part of Task 6 of this engineering study on fluoridation of the City’s 
system. Task 6 includes City selection of a chemical alternative, and a preliminary design will be 
completed for the selected alternative in early 2023. 
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APPENDIX D
CLASS 5 OPCC AND 50-YEAR LCCA



Fluoridation Costs (2022 Dollars) % Difference Capital % Difference LCCA

Well Station Type of Building/Site Size of Building Capital 50-Year LCCA

Average 50-Yr Annual 

Operating Capital 50-Year LCCA

Average 50-Yr Annual 

Operating Dry minus Liquid Dry minus Liquid

Well Electric Industrial Large  $            1,616,000  $           11,199,000  $                      224,000  $              1,423,000  $            8,772,000  $                        176,000 12% 22%

Parkwater Industrial Large  $            1,865,000  $           12,266,000  $                      246,000  $              1,683,000  $            9,189,000  $                        184,000 10% 25%

Ray Match Existing Architectural Style Small  $            1,332,000  $             6,656,000  $                      134,000  $              1,108,000  $            5,419,000  $                        109,000 17% 19%

Central Ave Match Existing Architectural Style Existing building size  $            1,622,000  $             6,722,000  $                      135,000  $              1,328,000  $            5,379,000  $                        108,000 18% 20%

Grace/Nevada Industrial Long and skinny  $            1,616,000  $           10,139,000  $                      203,000  $              1,423,000  $            8,182,000  $                        164,000 12% 19%

Hoffman Match Existing Architectural Style Small  $            1,332,000  $             6,656,000  $                      134,000  $              1,108,000  $            5,419,000  $                        109,000 17% 19%

Havana Match Existing Architectural Style Large  $            1,618,000  $             8,396,000  $                      168,000  $              1,436,000  $            7,100,000  $                        142,000 11% 15%

Total 11,001,000$          62,034,000$           1,244,000$                   9,509,000$              49,460,000$           992,000$                         14% 20%

MURRAYSMITH’s construction cost estimate (“estimate”) is in dollars valued as of the date of this estimate. This estimate is an opinion of probable cost based on information available at the time of its development.  Final costs will depend on 

•         actual field conditions. 

•         actual material and labor costs. 

•         market conditions for construction. 

•         regulatory factors. 

•          final project scope. 

•         method of implementation. 

•         schedule (time to completion? time of commencement?  Speed of execution?), and 

•         other variables. 

•           

Dry Chemical Liquid Chemical

This estimate is based on our perception, which is based on experience and research, yet nevertheless, an assessment, of current conditions at the project location.  This estimate reflects our professional opinion of current 

costs and is subject to change as the project design evolves. MURRAYSMITH has no control over, nor can it forecast variances in the cost of labor, materials, equipment; nor services provided by others, contractor's means, 

and methods of executing the work, or of determining prices, of the impact of competitive bidding or market conditions, practices, or bidding strategies. MURRAYSMITH neither warrants nor guarantees that proposals, bids, 

or actual construction costs will reflect the costs presented, which are for illustrative purposes only.

City of Spokane Fluoridation Study Costs

Project No 22-3386 1 of 33 12/22/2022



*This is the 

master sheet- 

cells affect other 

sheets

Parkwater  Orange: 5% discount 

rate, Net Present value 

Large Liquid Building
 Concept Level Cost, 

2022 Dollars 

 LCCA Cost (2022 

Dollars) 2023 2024 2025 2030 2040 2050 2060 2070 2080

12.5% 12.0% 8.0% 25.0% 50.0% 50.0% 30.0% 30.0% 30.0%

Capital Cost 1 year 2 years 3 years 4 years 10 years 20 Years 30 Years 40 Years 50 Years

1 Electrical Equipment 71,000.00$                         510,573.05$               8,875.00$           8,520.00$            5,680.00$            17,750.00$       106,500.00$       106,500.00$      92,300.00$                       92,300.00$         92,300.00$        

2 PLC MicroLogic 1400 45,000.00$                         323,602.64$               5,625.00$           5,400.00$            3,600.00$            11,250.00$       67,500.00$         67,500.00$        58,500.00$                       58,500.00$         58,500.00$        

3 Metering Pump Skid 480,000.00$                       1,922,773.93$            60,000.00$         57,600.00$          38,400.00$          120,000.00$     240,000.00$       720,000.00$      144,000.00$                     624,000.00$       -$                     

4 Bulk Storage Tank 30,000.00$                         120,173.37$               3,750.00$           3,600.00$            2,400.00$            7,500.00$         15,000.00$         45,000.00$        9,000.00$                         39,000.00$         -$                     

5 Day Storage Tank 20,000.00$                         80,115.58$                 2,500.00$           2,400.00$            1,600.00$            5,000.00$         10,000.00$         30,000.00$        6,000.00$                         26,000.00$         -$                     

6 Roll up Door 10,000.00$                         40,057.79$                 1,250.00$           1,200.00$            800.00$               2,500.00$         5,000.00$           15,000.00$        3,000.00$                         13,000.00$         -$                     

7 Man Door 8,000.00$                           32,046.23$                 1,000.00$           960.00$               640.00$               2,000.00$         4,000.00$           12,000.00$        2,400.00$                         10,400.00$         -$                     

8 Fluoride Analyzer 20,000.00$                         143,823.39$               2,500.00$           2,400.00$            1,600.00$            5,000.00$         30,000.00$         30,000.00$        26,000.00$                       26,000.00$         26,000.00$        

9 Backflow Preventer 6,000.00$                           24,034.67$                 750.00$               720.00$               480.00$               1,500.00$         3,000.00$           9,000.00$           1,800.00$                         7,800.00$           -$                     

10 Transfer Pump Skid 30,000.00$                         120,173.37$               3,750.00$           3,600.00$            2,400.00$            7,500.00$         15,000.00$         45,000.00$        9,000.00$                         39,000.00$         -$                     

11 Secondary Containment 50,000.00$                         -$                           

12 Building 915 sf @ $300
274,500.00$                       -$                           

13 Site Improvements 250,000.00$                       1,001,444.75$            31,250.00$         30,000.00$          20,000.00$          62,500.00$       125,000.00$       375,000.00$      75,000.00$                       325,000.00$       -$                     

Subtotal Capital Cost 1,294,500.00$                   

Contingency 30% 388,350.00$                       

Total Capital Cost 1,682,850.00$                   

Operating Cost

Cost Per Year

1 Maintenance 25,890.00$                         282,940.71$               29,126.25$         28,996.80$          27,961.20$          32,362.50$       38,835.00$         38,835.00$        33,657.00$                       33,657.00$         33,657.00$        

2 Replace Equipment See above 4,318,818.77$            See above See above See above See above See above See above See above See above See above

3 Operation of Equipment 63,160.00$                         690,248.57$               71,055.00$         70,739.20$          68,212.80$          78,950.00$       94,740.00$         94,740.00$        82,108.00$                       82,108.00$         82,108.00$        

4 Power Cost 1,126.46$                           12,310.56$                 1,267.26$           1,261.63$            1,216.57$            1,408.07$         1,689.68$           1,689.68$           1,464.39$                         1,464.39$           1,464.39$           

5 Chemical Cost 161,392.97$                       1,763,794.61$            181,567.09$       180,760.13$       174,304.41$       201,741.21$     242,089.46$       242,089.46$      209,810.86$                     209,810.86$       209,810.86$      

Subtotal Operating Cost 7,068,113.23$            

Operating Contingency 30% -$                                     2,120,433.97$            

Total 50-year Operating Cost 9,188,547.20$           

Total Capital and Operating 10,871,397.20$                 

Average Yearly Operating (2022 Dollars) 183,770.94$               375,139.36$       369,160.96$       321,333.78$       104,919.86$     95,951.91$         179,351.91$      72,038.33$                       155,438.33$       47,018.33$        



Hoffman, Ray  Orange: 5% discount 

rate, Net Present value 

Small Liquid Building
Concept Level Cost LCCA Cost 2023 2024 2025 2030 2040 2050 2060 2070 2080

12.5% 12% 8% 25% 50% 50% 30.0% 30.0% 30.0%

Capital Cost 4 years 10 years 20 Years 30 Years 40 Years 50 Years

1 Electrical Equipment 71,000.00$                     544,382.57$                   8,875.00$            8,520.00$          5,680.00$              17,750.00$         106,500.00$    142,000.00$    92,300.00$       92,300.00$         92,300.00$        

2 PLC MicroLogic 1400 45,000.00$                     345,031.21$                   5,625.00$            5,400.00$          3,600.00$              11,250.00$         67,500.00$      90,000.00$      58,500.00$       58,500.00$         58,500.00$        

3 Metering Pump Skid 120,000.00$                   537,836.34$                   15,000.00$         14,400.00$       9,600.00$              30,000.00$         60,000.00$      240,000.00$    36,000.00$       156,000.00$       -$                     

4 Bulk Storage Tank 30,000.00$                     134,459.08$                   3,750.00$            3,600.00$          2,400.00$              7,500.00$           15,000.00$      60,000.00$      9,000.00$         39,000.00$         -$                     

5 Day Storage Tank 20,000.00$                     89,639.39$                     2,500.00$            2,400.00$          1,600.00$              5,000.00$           10,000.00$      40,000.00$      6,000.00$         26,000.00$         -$                     

6 Roll up Door 10,000.00$                     44,819.69$                     1,250.00$            1,200.00$          800.00$                 2,500.00$           5,000.00$        20,000.00$      3,000.00$         13,000.00$         -$                     

7 Man Door 8,000.00$                        35,855.76$                     1,000.00$            960.00$             640.00$                 2,000.00$           4,000.00$        16,000.00$      2,400.00$         10,400.00$         -$                     

8 Fluoride Analyzer 20,000.00$                     153,347.20$                   2,500.00$            2,400.00$          1,600.00$              5,000.00$           30,000.00$      40,000.00$      26,000.00$       26,000.00$         26,000.00$        

9 Backflow Preventer 6,000.00$                        26,891.82$                     750.00$               720.00$             480.00$                 1,500.00$           3,000.00$        12,000.00$      1,800.00$         7,800.00$           -$                     

10 Transfer Pump Skid 30,000.00$                     134,459.08$                   3,750.00$            3,600.00$          2,400.00$              7,500.00$           15,000.00$      60,000.00$      9,000.00$         39,000.00$         -$                     

11 Secondary Containment 50,000.00$                     -$                               

12 Building 729 sf @ $400
291,600.00$                   -$                               

13 Site Improvements 150,000.00$                   672,295.42$                   18,750.00$         18,000.00$       12,000.00$           37,500.00$         75,000.00$      300,000.00$    45,000.00$       195,000.00$       -$                     

Subtotal Capital Cost 851,600.00$                   

Contingency 30% 255,480.00$                   

Total Capital Cost 1,107,080.00$               

Operating Cost

Cost Per Year

1 Maintenance 17,032.00$                     186,135.43$                   19,161.00$         19,075.84$       18,394.56$           21,290.00$         25,548.00$      25,548.00$      22,141.60$       22,141.60$         22,141.60$        

2 Replace Equipment See above 2,719,017.57$                See above See above See above See above See above See above See above See above See above

3 Operation of Equipment
63,160.00$                     690,248.57$                   71,055.00$         70,739.20$       68,212.80$           78,950.00$         94,740.00$      94,740.00$      82,108.00$       82,108.00$         82,108.00$        

4 Power Cost
1,047.55$                        11,448.23$                     1,178.49$            1,173.26$          1,131.35$              1,309.44$           1,571.33$        1,571.33$        1,361.82$         1,361.82$           1,361.82$           

5 Chemical Cost 51,331.55$                     560,980.50$                   57,747.99$         57,491.33$       55,438.07$           64,164.44$         76,997.32$      76,997.32$      66,731.01$       66,731.01$         66,731.01$        

Subtotal Operating Cost 4,167,830.30$                

Operating Contingency 30% 1,250,349.09$                

Total 50-year Operating Cost 5,418,179.39$               

Total Capital and Operating 6,525,259.39$               

Average Yearly Operating (2022 Dollars) 108,363.59$                   



*This is the 

master sheet- 

cells affect other 

sheets

Havana  Orange: 5% discount 

rate, Net Present value 

Large Liquid Building- Havana (Residential)
 Concept Level Cost, 2022 

Dollars 

 LCCA Cost (2022 

Dollars) 2023 2024 2025 2030 2040 2050 2060 2070 2080

12.5% 12% 8% 20% 50% 100% 30.0% 30.0% 30.0%

Capital Cost 4 years 10 Years 20 Years 30 Years 40 Years 50 Years

1 Electrical Equipment 71,000.00$                        541,001.62$              8,875.00$           8,520.00$           5,680.00$           14,200.00$       106,500.00$      142,000.00$      92,300.00$       92,300.00$         92,300.00$        

2 PLC MicroLogic 1400 45,000.00$                        342,888.35$              5,625.00$           5,400.00$           3,600.00$           9,000.00$         67,500.00$         90,000.00$        58,500.00$       58,500.00$         58,500.00$        

3 Metering Pump Skid 360,000.00$                      1,596,366.16$           45,000.00$         43,200.00$         28,800.00$         72,000.00$       180,000.00$      720,000.00$      108,000.00$     468,000.00$      -$                    

4 Bulk Storage Tank 30,000.00$                        133,030.51$              3,750.00$           3,600.00$           2,400.00$           6,000.00$         15,000.00$         60,000.00$        9,000.00$         39,000.00$         -$                    

5 Day Storage Tank 20,000.00$                        88,687.01$                 2,500.00$           2,400.00$           1,600.00$           4,000.00$         10,000.00$         40,000.00$        6,000.00$         26,000.00$         -$                    

6 Roll up Door 10,000.00$                        44,343.50$                 1,250.00$           1,200.00$           800.00$               2,000.00$         5,000.00$           20,000.00$        3,000.00$         13,000.00$         -$                    

7 Man Door 8,000.00$                          35,474.80$                 1,000.00$           960.00$               640.00$               1,600.00$         4,000.00$           16,000.00$        2,400.00$         10,400.00$         -$                    

8 Fluoride Analyzer 20,000.00$                        152,394.82$              2,500.00$           2,400.00$           1,600.00$           4,000.00$         30,000.00$         40,000.00$        26,000.00$       26,000.00$         26,000.00$        

9 Backflow Preventer 6,000.00$                          26,606.10$                 750.00$              720.00$               480.00$               1,200.00$         3,000.00$           12,000.00$        1,800.00$         7,800.00$           -$                    

10 Transfer Pump Skid 30,000.00$                        133,030.51$              3,750.00$           3,600.00$           2,400.00$           6,000.00$         15,000.00$         60,000.00$        9,000.00$         39,000.00$         -$                    

11 Secondary Containment 50,000.00$                        -$                          

12 Building 915 sf @ $400
366,000.00$                      -$                          

13 Site Improvements 150,000.00$                      665,152.57$              18,750.00$         18,000.00$         12,000.00$         30,000.00$       75,000.00$         300,000.00$      45,000.00$       195,000.00$      -$                    

Subtotal Capital Cost 1,166,000.00$                  

Contingency 30% 349,800.00$                      

Total Capital Cost 1,515,800.00$                  

Operating Cost

Cost Per Year

1 Maintenance 23,320.00$                        264,848.57$              26,235.00$         26,118.40$         25,185.60$         27,984.00$       34,980.00$         46,640.00$        30,316.00$       30,316.00$         30,316.00$        

2 Replace Equipment See above 3,758,975.96$           See above See above See above See above See above See above See above See above See above

3 Operation of Equipment 63,160.00$                        717,317.14$              71,055.00$         70,739.20$         68,212.80$         75,792.00$       94,740.00$         126,320.00$      82,108.00$       82,108.00$         82,108.00$        

4 Power Cost 1,341.07$                          15,230.75$                 1,508.71$           1,502.00$           1,448.36$           1,609.29$         2,011.61$           2,682.14$          1,743.39$         1,743.39$           1,743.39$          

5 Chemical Cost 62,088.71$                        705,150.35$              69,849.80$         69,539.36$         67,055.81$         74,506.45$       93,133.07$         124,177.42$      80,715.32$       80,715.32$         80,715.32$        

Subtotal Operating Cost 5,461,522.78$           

Operating Contingency 30% -$                                   1,638,456.83$           

Total 50-year Operating Cost 7,099,979.61$           

Total Capital and Operating 8,615,779.61$                  

Average Yearly Operating (2022 Dollars) 141,999.59$              



Parkwater
 Orange: 5% discount rate, Net 

Present Value 

Dry Building
Concept Level Cost LCCA Cost 2023 2024 2025 2030 2040 2050 2060 2070 2080

12.5% 12% 8% 25% 50% 50% 30.0% 30.0% 30.0%

Capital Cost 4 years 10 years 20 Years 30 Years 40 Years 50 Years

1 Electrical Equipment $55,000.00 421,704.81$                   6,875.00$              6,600.00$              4,400.00$              13,750.00$            82,500.00$            110,000.00$          71,500.00$       71,500.00$         71,500.00$        

2 PLC MicroLogic 1400 $45,000.00 345,031.21$                   5,625.00$              5,400.00$              3,600.00$              11,250.00$            67,500.00$            90,000.00$            58,500.00$       58,500.00$         58,500.00$        

3

Metering Pump Skid (about 2-8 pumps per facility, will 

follow up with table showing number of pumps for 

each facility)

480,000.00$                                  2,151,345.35$                60,000.00$            57,600.00$            38,400.00$            120,000.00$          240,000.00$          960,000.00$          144,000.00$     624,000.00$       -$                     

4 Backflow Preventer 6,000.00$                                      26,891.82$                      750.00$                  720.00$                  480.00$                  1,500.00$              3,000.00$              12,000.00$            1,800.00$         7,800.00$           -$                     

5 Man Door 8,000.00$                                      35,855.76$                      1,000.00$              960.00$                  640.00$                  2,000.00$              4,000.00$              16,000.00$            2,400.00$         10,400.00$         -$                     

6 Roll up Door 10,000.00$                                    44,819.69$                      1,250.00$              1,200.00$              800.00$                  2,500.00$              5,000.00$              20,000.00$            3,000.00$         13,000.00$         -$                     

7 Fluoride Analyzer 20,000.00$                                    153,347.20$                   2,500.00$              2,400.00$              1,600.00$              5,000.00$              30,000.00$            40,000.00$            26,000.00$       26,000.00$         26,000.00$        

8 Water Softener 2,500.00$                                      19,168.40$                      312.50$                  300.00$                  200.00$                  625.00$                  3,750.00$              5,000.00$              3,250.00$         3,250.00$           3,250.00$           

9
BBU (includes refill feeder, weigh feeder, model 810 

BBU, saturator, volumetric feeder, control panel)
200,000.00$                                  896,393.90$                   25,000.00$            24,000.00$            16,000.00$            50,000.00$            100,000.00$          400,000.00$          60,000.00$       260,000.00$       -$                     

10 Saturator Basement 50,000.00$                                    -$                                

11 Building 635 sf @ $300

190,500.00$                                  -$                                

12 Storage Warehouse Space

117,000.00$                                  -$                                

13 Site Improvements 250,000.00$                                  1,120,492.37$                31,250.00$            30,000.00$            20,000.00$            62,500.00$            125,000.00$          500,000.00$          75,000.00$       325,000.00$       -$                     

Subtotal Capital Cost $1,434,000.00

Contingency 30% 430,200.00$                                  

Total Capital Cost 1,864,200.00$                              

Operating Cost

Cost Per Year

1 Maintenance
28,680.00$                                    313,431.43$                   32,265.00$            32,121.60$            30,974.40$            35,850.00$            43,020.00$            43,020.00$            37,284.00$       37,284.00$         37,284.00$        

2 Replace Equipment See above 5,215,050.51$                See above See above See above See above See above See above See above See above See above

3 Operation of Equipment
66,200.00$                                    723,471.43$                   74,475.00$            74,144.00$            71,496.00$            82,750.00$            99,300.00$            99,300.00$            86,060.00$       86,060.00$         86,060.00$        

4 Power Cost
1,335.38$                                      14,593.78$                      1,502.30$              1,495.62$              1,442.21$              1,669.22$              2,003.07$              2,003.07$              1,735.99$         1,735.99$           1,735.99$           

5 Chemical Cost 289,924.82$                                  3,168,464.08$                326,165.42$          324,715.80$          313,118.80$          362,406.02$          434,887.23$          434,887.23$          376,902.26$     376,902.26$       376,902.26$      

Subtotal Operating Cost 9,435,011.23$                

Operating Contingency 30% 2,830,503.37$                

Total 50-year Operating Cost 12,265,514.59$             

Total Capital and Operating 14,129,714.59$                            

Average Yearly Operating (2022 Dollars) 245,310.29$                   



Hoffman, Ray  Orange: 5% discount 

rate, Net Present Value 

Dry Building
Concept Level Cost LCCA Cost 2023 2024 2025 2030 2040 2050 2060 2070 2080

12.5% 12% 8% 25% 50% 50% 30.0% 30.0% 30.0%

Capital Cost 4 years 10 years 20 Years 30 Years 40 Years 50 Years

1 Electrical Equipment $55,000.00 421,704.81$                   6,875.00$          6,600.00$       4,400.00$           13,750.00$     82,500.00$       110,000.00$          71,500.00$       71,500.00$         71,500.00$        

2 PLC MicroLogic 1400 $45,000.00 345,031.21$                   5,625.00$          5,400.00$       3,600.00$           11,250.00$     67,500.00$       90,000.00$            58,500.00$       58,500.00$         58,500.00$        

3

Metering Pump Skid (about 2-8 pumps per facility, will 

follow up with table showing number of pumps for 

each facility)

120,000.00$                   537,836.34$                   15,000.00$        14,400.00$     9,600.00$           30,000.00$     60,000.00$       240,000.00$          36,000.00$       156,000.00$       -$                     

4 Backflow Preventer 6,000.00$                        26,891.82$                     750.00$              720.00$          480.00$              1,500.00$       3,000.00$         12,000.00$            1,800.00$         7,800.00$           -$                     

5 Man Door 8,000.00$                        35,855.76$                     1,000.00$          960.00$          640.00$              2,000.00$       4,000.00$         16,000.00$            2,400.00$         10,400.00$         -$                     

6 Roll up Door 10,000.00$                     44,819.69$                     1,250.00$          1,200.00$       800.00$              2,500.00$       5,000.00$         20,000.00$            3,000.00$         13,000.00$         -$                     

7 Fluoride Analyzer 20,000.00$                     153,347.20$                   2,500.00$          2,400.00$       1,600.00$           5,000.00$       30,000.00$       40,000.00$            26,000.00$       26,000.00$         26,000.00$        

8 Water Softener 2,500.00$                        19,168.40$                     312.50$              300.00$          200.00$              625.00$          3,750.00$         5,000.00$              3,250.00$         3,250.00$           3,250.00$           

9
BBU (includes refill feeder, weigh feeder, model 810 

BBU, saturator, volumetric feeder, control panel)
200,000.00$                   896,393.90$                   25,000.00$        24,000.00$     16,000.00$         50,000.00$     100,000.00$     400,000.00$          60,000.00$       260,000.00$       -$                     

10 Saturator Basement 50,000.00$                     -$                               

11 Building 635 sf @ $400

254,000.00$                   -$                               

12 Storage Warehouse Space 104,000.00$                   -$                               

13 Site Improvements 150,000.00$                   672,295.42$                   18,750.00$        18,000.00$     12,000.00$         37,500.00$     75,000.00$       300,000.00$          45,000.00$       195,000.00$       -$                     

Subtotal Capital Cost 1,024,500.00$                

Contingency 30% 307,350.00$                   

Total Capital Cost 1,331,850.00$               

Operating Cost

Cost Per Year

1 Maintenance
20,490.00$                     223,926.43$                   23,051.25$        22,948.80$     22,129.20$         25,612.50$     30,735.00$       30,735.00$            26,637.00$       26,637.00$         26,637.00$        

2 Replace Equipment See above 3,153,344.54$                See above See above See above See above See above See above See above See above See above

3 Operation of Equipment

66,200.00$                     723,471.43$                   74,475.00$        74,144.00$     71,496.00$         82,750.00$     99,300.00$       99,300.00$            86,060.00$       86,060.00$         86,060.00$        

4 Power Cost

1,050.50$                        11,480.41$                     1,181.81$          1,176.55$       1,134.54$           1,313.12$       1,575.74$         1,575.74$              1,365.64$         1,365.64$           1,365.64$           

5 Chemical Cost 92,211.51$                     1,007,740.10$                103,737.95$      103,276.89$  99,588.43$         115,264.39$  138,317.27$     138,317.27$          119,874.97$     119,874.97$       119,874.97$      

Subtotal Operating Cost 5,119,962.91$                

Operating Contingency 30% 1,535,988.87$                

Total 50-year Operating Cost 6,655,951.79$               

Total Capital and Operating 7,987,801.79$               

Average Yearly Operating (2022 Dollars) 133,119.04$                   



Havana  Orange: 5% discount 

rate, Net Present Value 

Dry Building
Concept Level Cost LCCA Cost 2023 2024 2025 2030 2040 2050 2060 2070 2080

12.5% 12% 8% 25% 50% 50% 30.0% 30.0% 30.0%

Capital Cost 4 years 10 years 20 Years 30 Years 40 Years 50 Years

1 Electrical Equipment $55,000.00 421,704.81$                   6,875.00$          6,600.00$       4,400.00$           13,750.00$     82,500.00$       110,000.00$          71,500.00$       71,500.00$         71,500.00$        

2 PLC MicroLogic 1400 $45,000.00 345,031.21$                   5,625.00$          5,400.00$       3,600.00$           11,250.00$     67,500.00$       90,000.00$            58,500.00$       58,500.00$         58,500.00$        

3

Metering Pump Skid (about 2-8 pumps per facility, will 

follow up with table showing number of pumps for 

each facility)

360,000.00$                   1,613,509.02$                45,000.00$        43,200.00$     28,800.00$         90,000.00$     180,000.00$     720,000.00$          108,000.00$     468,000.00$       -$                     

4 Backflow Preventer 6,000.00$                        26,891.82$                     750.00$              720.00$          480.00$              1,500.00$       3,000.00$         12,000.00$            1,800.00$         7,800.00$           -$                     

5 Man Door 8,000.00$                        35,855.76$                     1,000.00$          960.00$          640.00$              2,000.00$       4,000.00$         16,000.00$            2,400.00$         10,400.00$         -$                     

6 Roll up Door 10,000.00$                     44,819.69$                     1,250.00$          1,200.00$       800.00$              2,500.00$       5,000.00$         20,000.00$            3,000.00$         13,000.00$         -$                     

7 Fluoride Analyzer 20,000.00$                     153,347.20$                   2,500.00$          2,400.00$       1,600.00$           5,000.00$       30,000.00$       40,000.00$            26,000.00$       26,000.00$         26,000.00$        

8 Water Softener 2,500.00$                        19,168.40$                     312.50$              300.00$          200.00$              625.00$          3,750.00$         5,000.00$              3,250.00$         3,250.00$           3,250.00$           

9
BBU (includes refill feeder, weigh feeder, model 810 

BBU, saturator, volumetric feeder, control panel)
200,000.00$                   896,393.90$                   25,000.00$        24,000.00$     16,000.00$         50,000.00$     100,000.00$     400,000.00$          60,000.00$       260,000.00$       -$                     

10 Saturator Basement 50,000.00$                     -$                               

11 Building 635 sf @ $400

254,000.00$                   -$                               

12 Storage Warehouse Space 84,000.00$                     -$                               

13 Site Improvements 150,000.00$                   672,295.42$                   18,750.00$        18,000.00$     12,000.00$         37,500.00$     75,000.00$       300,000.00$          45,000.00$       195,000.00$       -$                     

Subtotal Capital Cost 1,244,500.00$                

Contingency 30% 373,350.00$                   

Total Capital Cost 1,617,850.00$               

Operating Cost

Cost Per Year

1 Maintenance
24,890.00$                     272,012.14$                   28,001.25$        27,876.80$     26,881.20$         31,112.50$     37,335.00$       37,335.00$            32,357.00$       32,357.00$         32,357.00$        

2 Replace Equipment See above 4,229,017.22$                See above See above See above See above See above See above See above See above See above

3 Operation of Equipment

66,200.00$                     723,471.43$                   74,475.00$        74,144.00$     71,496.00$         82,750.00$     99,300.00$       99,300.00$            86,060.00$       86,060.00$         86,060.00$        

4 Power Cost

1,365.86$                        14,926.84$                     1,536.59$          1,529.76$       1,475.12$           1,707.32$       2,048.78$         2,048.78$              1,775.61$         1,775.61$           1,775.61$           

5 Chemical Cost 111,535.58$                   1,218,924.51$                125,477.52$      124,919.85$  120,458.42$      139,419.47$  167,303.36$     167,303.36$          144,996.25$     144,996.25$       144,996.25$      

Subtotal Operating Cost 6,458,352.15$                

Operating Contingency 30% 1,937,505.64$                

Total 50-year Operating Cost 8,395,857.79$               

Total Capital and Operating 10,013,707.79$             

Average Yearly Operating (2022 Dollars) 167,917.16$                   



Central  Orange: 5% discount 

rate, Net Present value 

Central Ave Liquid Building
Concept Level Cost LCCA Cost 2023 2024 2025 2030 2040 2050 2060 2070 2080

12.5% 12% 8% 25% 50% 50% 30.0% 30.0% 30.0%

Capital Cost 4 years 10 years 20 Years 30 Years 40 Years 50 Years

1 Electrical Equipment 71,000.00$                     544,382.57$                   8,875.00$          8,520.00$          5,680.00$          17,750.00$        106,500.00$      142,000.00$     92,300.00$       92,300.00$         92,300.00$        

2 PLC MicroLogic 1400 45,000.00$                     345,031.21$                   5,625.00$          5,400.00$          3,600.00$          11,250.00$        67,500.00$         90,000.00$       58,500.00$       58,500.00$         58,500.00$        

3 Metering Pump Skid

120,000.00$                   537,836.34$                   15,000.00$        14,400.00$        9,600.00$          30,000.00$        60,000.00$         240,000.00$     36,000.00$       156,000.00$       -$                     

4 Bulk Storage Tank 30,000.00$                     134,459.08$                   3,750.00$          3,600.00$          2,400.00$          7,500.00$          15,000.00$         60,000.00$       9,000.00$         39,000.00$         -$                     

5 Day Storage Tank 20,000.00$                     89,639.39$                     2,500.00$          2,400.00$          1,600.00$          5,000.00$          10,000.00$         40,000.00$       6,000.00$         26,000.00$         -$                     

6 Roll up Door 10,000.00$                     44,819.69$                     1,250.00$          1,200.00$          800.00$             2,500.00$          5,000.00$           20,000.00$       3,000.00$         13,000.00$         -$                     

7 Man Door 8,000.00$                        35,855.76$                     1,000.00$          960.00$             640.00$             2,000.00$          4,000.00$           16,000.00$       2,400.00$         10,400.00$         -$                     

8 Fluoride Analyzer 20,000.00$                     153,347.20$                   2,500.00$          2,400.00$          1,600.00$          5,000.00$          30,000.00$         40,000.00$       26,000.00$       26,000.00$         26,000.00$        

9 Backflow Preventer 6,000.00$                        26,891.82$                     750.00$             720.00$             480.00$             1,500.00$          3,000.00$           12,000.00$       1,800.00$         7,800.00$           -$                     

10 Transfer Pump Skid 30,000.00$                     134,459.08$                   3,750.00$          3,600.00$          2,400.00$          7,500.00$          15,000.00$         60,000.00$       9,000.00$         39,000.00$         -$                     

11 Secondary Containment 50,000.00$                     -$                               

12 Building 1102 sf @ $400

440,800.00$                   -$                               

13 Demo Existing Building

20,000.00$                     -$                               

14 Site Improvements 150,000.00$                   672,295.42$                   18,750.00$        18,000.00$        12,000.00$        37,500.00$        75,000.00$         300,000.00$     45,000.00$       195,000.00$       -$                     

Subtotal Capital Cost 1,020,800.00$                

Contingency 30% 306,240.00$                   

Total Capital Cost 1,327,040.00$               

Operating Cost

Cost Per Year

1 Maintenance
20,416.00$                     223,117.71$                   22,968.00$        22,865.92$        22,049.28$        25,520.00$        30,624.00$         30,624.00$       26,540.80$       26,540.80$         26,540.80$        

2 Replace Equipment See above 2,719,017.57$                See above See above See above See above See above See above See above See above See above

3 Operation of Equipment

63,160.00$                     690,248.57$                   71,055.00$        70,739.20$        68,212.80$        78,950.00$        94,740.00$         94,740.00$       82,108.00$       82,108.00$         82,108.00$        

4 Power Cost

1,059.06$                        11,574.05$                     1,191.45$          1,186.15$          1,143.79$          1,323.83$          1,588.60$           1,588.60$         1,376.78$         1,376.78$           1,376.78$           

5 Chemical Cost 45,178.16$                     493,732.79$                   50,825.43$        50,599.54$        48,792.42$        56,472.71$        67,767.25$         67,767.25$       58,731.61$       58,731.61$         58,731.61$        

Subtotal Operating Cost 4,137,690.70$                

Operating Contingency 30% 1,241,307.21$                

Total 50-year Operating Cost 5,378,997.91$               

Total Capital and Operating 6,706,037.91$               

Average Yearly Operating (2022 Dollars) 107,579.96$                   



Central  Orange: 5% discount 

rate, Net Present Value 

Central Ave Dry Building
Concept Level Cost LCCA Cost 2023 2024 2025 2030 2040 2050 2060 2070 2080

12.5% 12% 8% 25% 50% 50% 30.0% 30.0% 30.0%

Capital Cost 4 years 10 years 20 Years 30 Years 40 Years 50 Years

1 Electrical Equipment 71,000.00$                     544,382.57$                   8,875.00$          8,520.00$       5,680.00$           17,750.00$     106,500.00$     142,000.00$          92,300.00$       92,300.00$         92,300.00$        

2 PLC MicroLogic 1400 $45,000.00 345,031.21$                   5,625.00$          5,400.00$       3,600.00$           11,250.00$     67,500.00$       90,000.00$            58,500.00$       58,500.00$         58,500.00$        

3

Metering Pump Skid (about 2-8 pumps per facility, will 

follow up with table showing number of pumps for 

each facility)

120,000.00$                   537,836.34$                   15,000.00$        14,400.00$     9,600.00$           30,000.00$     60,000.00$       240,000.00$          36,000.00$       156,000.00$       -$                     

4 Backflow Preventer 6,000.00$                        26,891.82$                     750.00$              720.00$          480.00$              1,500.00$       3,000.00$         12,000.00$            1,800.00$         7,800.00$           -$                     

5 Man Door 8,000.00$                        35,855.76$                     1,000.00$          960.00$          640.00$              2,000.00$       4,000.00$         16,000.00$            2,400.00$         10,400.00$         -$                     

6 Roll up Door 10,000.00$                     44,819.69$                     1,250.00$          1,200.00$       800.00$              2,500.00$       5,000.00$         20,000.00$            3,000.00$         13,000.00$         -$                     

7 Fluoride Analyzer 20,000.00$                     153,347.20$                   2,500.00$          2,400.00$       1,600.00$           5,000.00$       30,000.00$       40,000.00$            26,000.00$       26,000.00$         26,000.00$        

8 Water Softener 2,500.00$                        19,168.40$                     312.50$              300.00$          200.00$              625.00$          3,750.00$         5,000.00$              3,250.00$         3,250.00$           3,250.00$           

9
BBU (includes refill feeder, weigh feeder, model 810 

BBU, saturator, volumetric feeder, control panel)
200,000.00$                   896,393.90$                   25,000.00$        24,000.00$     16,000.00$         50,000.00$     100,000.00$     400,000.00$          60,000.00$       260,000.00$       -$                     

10 Saturator Basement 50,000.00$                     -$                               

11 Building 1102 sf @ $400

440,800.00$                   -$                               

12 Demo Existing Building

20,000.00$                     -$                               

13 Storage Warehouse Space

104,000.00$                   -$                               

14 Site Improvements 150,000.00$                   672,295.42$                   18,750.00$        18,000.00$     12,000.00$         37,500.00$     75,000.00$       300,000.00$          45,000.00$       195,000.00$       -$                     

Subtotal Capital Cost 1,247,300.00$                

Contingency 30% 374,190.00$                   

Total Capital Cost 1,621,490.00$               

Operating Cost

Cost Per Year

1 Maintenance 24,946.00$                     272,624.14$                   28,064.25$        27,939.52$     26,941.68$         31,182.50$     37,419.00$       37,419.00$            32,429.80$       32,429.80$         32,429.80$        

2 Replace Equipment See above 3,276,022.31$                See above See above See above See above See above See above See above See above See above

3 Operation of Equipment
66,200.00$                     723,471.43$                   74,475.00$        74,144.00$     71,496.00$         82,750.00$     99,300.00$       99,300.00$            86,060.00$       86,060.00$         86,060.00$        

4 Power Cost
1,067.74$                        11,668.91$                     1,201.21$          1,195.87$       1,153.16$           1,334.68$       1,601.62$         1,601.62$              1,388.07$         1,388.07$           1,388.07$           

5 Chemical Cost 81,157.63$                     886,936.95$                   91,302.33$        90,896.55$     87,650.24$         101,447.04$  121,736.44$     121,736.44$          105,504.92$     105,504.92$       105,504.92$      

Subtotal Operating Cost 5,170,723.74$                

Operating Contingency 30% 1,551,217.12$                

Total 50-year Operating Cost 6,721,940.87$               

Total Capital and Operating 8,343,430.87$               

Average Yearly Operating (2022 Dollars) 134,438.82$                   



Nevada AND Grace (One Building)  Orange: 5% discount 

rate, Net Present value 

Nevada/Grace Liquid Buildling
Concept Level Cost LCCA Cost 2023 2024 2025 2030 2040 2050 2060 2070 2080

12.5% 12% 8% 25% 50% 50% 30.0% 30.0% 30.0%

Capital Cost 4 years 10 years 20 Years 30 Years 40 Years 50 Years

1 Electrical Equipment 71,000.00$                     544,382.57$                   8,875.00$            8,520.00$          5,680.00$              17,750.00$         106,500.00$    142,000.00$    92,300.00$       92,300.00$         92,300.00$        

2 PLC MicroLogic 1400 45,000.00$                     345,031.21$                   5,625.00$            5,400.00$          3,600.00$              11,250.00$         67,500.00$      90,000.00$      58,500.00$       58,500.00$         58,500.00$        

3 Metering Pump Skid

360,000.00$                   1,613,509.02$                45,000.00$         43,200.00$       28,800.00$           90,000.00$         180,000.00$    720,000.00$    108,000.00$     468,000.00$       -$                     

4 Bulk Storage Tank 30,000.00$                     134,459.08$                   3,750.00$            3,600.00$          2,400.00$              7,500.00$           15,000.00$      60,000.00$      9,000.00$         39,000.00$         -$                     

5 Day Storage Tank 20,000.00$                     89,639.39$                     2,500.00$            2,400.00$          1,600.00$              5,000.00$           10,000.00$      40,000.00$      6,000.00$         26,000.00$         -$                     

6 Roll up Door 10,000.00$                     44,819.69$                     1,250.00$            1,200.00$          800.00$                 2,500.00$           5,000.00$        20,000.00$      3,000.00$         13,000.00$         -$                     

7 Man Door 8,000.00$                        35,855.76$                     1,000.00$            960.00$             640.00$                 2,000.00$           4,000.00$        16,000.00$      2,400.00$         10,400.00$         -$                     

8 Fluoride Analyzer 20,000.00$                     153,347.20$                   2,500.00$            2,400.00$          1,600.00$              5,000.00$           30,000.00$      40,000.00$      26,000.00$       26,000.00$         26,000.00$        

9 Backflow Preventer 6,000.00$                        26,891.82$                     750.00$               720.00$             480.00$                 1,500.00$           3,000.00$        12,000.00$      1,800.00$         7,800.00$           -$                     

10 Transfer Pump Skid 30,000.00$                     134,459.08$                   3,750.00$            3,600.00$          2,400.00$              7,500.00$           15,000.00$      60,000.00$      9,000.00$         39,000.00$         -$                     

11 Secondary Containment 50,000.00$                     -$                               

12 Building 647 sf @ $300
194,100.00$                   -$                               

13 Site Improvements 250,000.00$                   1,120,492.37$                31,250.00$         30,000.00$       20,000.00$           62,500.00$         125,000.00$    500,000.00$    75,000.00$       325,000.00$       -$                     

Subtotal Capital Cost 1,094,100.00$                

Contingency 30% 328,230.00$                   

Total Capital Cost 1,422,330.00$               

Operating Cost

Cost Per Year

1 Maintenance 21,882.00$                     239,139.00$                   24,617.25$         24,507.84$       23,632.56$           27,352.50$         32,823.00$      32,823.00$      28,446.60$       28,446.60$         28,446.60$        

2 Replace Equipment See above 4,242,887.19$                See above See above See above See above See above See above See above See above See above

3 Operation of Equipment
63,160.00$                     690,248.57$                   71,055.00$         70,739.20$       68,212.80$           78,950.00$         94,740.00$      94,740.00$      82,108.00$       82,108.00$         82,108.00$        

4 Power Cost
1,153.04$                        12,601.13$                     1,297.18$            1,291.41$          1,245.29$              1,441.31$           1,729.57$        1,729.57$        1,498.96$         1,498.96$           1,498.96$           

5 Chemical Cost
101,429.37$                   1,108,478.16$                114,108.05$       113,600.90$     109,543.72$         126,786.72$      152,144.06$    152,144.06$    131,858.19$     131,858.19$       131,858.19$      

Subtotal Operating Cost 6,293,354.05$                

Operating Contingency 30% 1,888,006.22$                

Total 50-year Operating Cost 8,181,360.27$               

Total Capital and Operating 9,603,690.27$               

Average Yearly Operating (2022 Dollars) 163,627.21$                   



Well Electric  Orange: 5% discount 

rate, Net Present value 

Well Electric Liquid Buildling
Concept Level Cost LCCA Cost 2023 2024 2025 2030 2040 2050 2060 2070 2080

12.5% 12% 8% 25% 50% 50% 30.0% 30.0% 30.0%

Capital Cost 4 years 10 years 20 Years 30 Years 40 Years 50 Years

1 Electrical Equipment 71,000.00$                     544,382.57$                   8,875.00$            8,520.00$          5,680.00$              17,750.00$         106,500.00$    142,000.00$    92,300.00$       92,300.00$         92,300.00$        

2 PLC MicroLogic 1400 45,000.00$                     345,031.21$                   5,625.00$            5,400.00$          3,600.00$              11,250.00$         67,500.00$      90,000.00$      58,500.00$       58,500.00$         58,500.00$        

3 Metering Pump Skid

360,000.00$                   1,613,509.02$                45,000.00$         43,200.00$       28,800.00$           90,000.00$         180,000.00$    720,000.00$    108,000.00$     468,000.00$       -$                     

4 Bulk Storage Tank 30,000.00$                     134,459.08$                   3,750.00$            3,600.00$          2,400.00$              7,500.00$           15,000.00$      60,000.00$      9,000.00$         39,000.00$         -$                     

5 Day Storage Tank 20,000.00$                     89,639.39$                     2,500.00$            2,400.00$          1,600.00$              5,000.00$           10,000.00$      40,000.00$      6,000.00$         26,000.00$         -$                     

6 Roll up Door 10,000.00$                     44,819.69$                     1,250.00$            1,200.00$          800.00$                 2,500.00$           5,000.00$        20,000.00$      3,000.00$         13,000.00$         -$                     

7 Man Door 8,000.00$                        35,855.76$                     1,000.00$            960.00$             640.00$                 2,000.00$           4,000.00$        16,000.00$      2,400.00$         10,400.00$         -$                     

8 Fluoride Analyzer 20,000.00$                     153,347.20$                   2,500.00$            2,400.00$          1,600.00$              5,000.00$           30,000.00$      40,000.00$      26,000.00$       26,000.00$         26,000.00$        

9 Backflow Preventer 6,000.00$                        26,891.82$                     750.00$               720.00$             480.00$                 1,500.00$           3,000.00$        12,000.00$      1,800.00$         7,800.00$           -$                     

10 Transfer Pump Skid 30,000.00$                     134,459.08$                   3,750.00$            3,600.00$          2,400.00$              7,500.00$           15,000.00$      60,000.00$      9,000.00$         39,000.00$         -$                     

11 Secondary Containment 50,000.00$                     -$                               

12 Building 647 sf @ $300
194,100.00$                   -$                               

13 Site Improvements 250,000.00$                   1,120,492.37$                31,250.00$         30,000.00$       20,000.00$           62,500.00$         125,000.00$    500,000.00$    75,000.00$       325,000.00$       -$                     

Subtotal Capital Cost 1,094,100.00$                

Contingency 30% 328,230.00$                   

Total Capital Cost 1,422,330.00$               

Operating Cost

Cost Per Year

1 Maintenance 21,882.00$                     239,139.00$                   24,617.25$         24,507.84$       23,632.56$           27,352.50$         32,823.00$      32,823.00$      28,446.60$       28,446.60$         28,446.60$        

2 Replace Equipment See above 4,242,887.19$                See above See above See above See above See above See above See above See above See above

3 Operation of Equipment
63,160.00$                     690,248.57$                   71,055.00$         70,739.20$       68,212.80$           78,950.00$         94,740.00$      94,740.00$      82,108.00$       82,108.00$         82,108.00$        

4 Power Cost 1,126.46$                        12,310.56$                     1,267.26$            1,261.63$          1,216.57$              1,408.07$           1,689.68$        1,689.68$        1,464.39$         1,464.39$           1,464.39$           

5 Chemical Cost 142,963.25$                   1,562,384.08$                160,833.66$       160,118.84$     154,400.31$         178,704.06$      214,444.87$    214,444.87$    185,852.22$     185,852.22$       185,852.22$      

Subtotal Operating Cost 6,746,969.41$                

Operating Contingency 30% 2,024,090.82$                

Total 50-year Operating Cost 8,771,060.23$               

Total Capital and Operating 10,193,390.23$             

Average Yearly Operating (2022 Dollars) 175,421.20$                   



Nevada AND Grace (One Building)  Orange: 5% discount 

rate, Net Present Value 

Nevada/Grace  Dry Building
Concept Level Cost LCCA Cost 2023 2024 2025 2030 2040 2050 2060 2070 2080

12.5% 12% 8% 25% 50% 50% 30.0% 30.0% 30.0%

Capital Cost 4 years 10 years 20 Years 30 Years 40 Years 50 Years

1 Electrical Equipment 71,000.00$                    544,382.57$                  8,875.00$            8,520.00$          5,680.00$          17,750.00$               106,500.00$     142,000.00$       92,300.00$       92,300.00$         92,300.00$        

2 PLC MicroLogic 1400 $45,000.00 345,031.21$                  5,625.00$            5,400.00$          3,600.00$          11,250.00$               67,500.00$       90,000.00$          58,500.00$       58,500.00$         58,500.00$        

3

Metering Pump Skid (about 2-8 pumps per facility, will 

follow up with table showing number of pumps for 

each facility)

360,000.00$                  1,613,509.02$               45,000.00$          43,200.00$        28,800.00$        90,000.00$               180,000.00$     720,000.00$       108,000.00$     468,000.00$      -$                    

4 Backflow Preventer 6,000.00$                       26,891.82$                    750.00$               720.00$             480.00$             1,500.00$                 3,000.00$         12,000.00$          1,800.00$         7,800.00$           -$                    

5 Man Door 8,000.00$                       35,855.76$                    1,000.00$            960.00$             640.00$             2,000.00$                 4,000.00$         16,000.00$          2,400.00$         10,400.00$         -$                    

6 Roll up Door 10,000.00$                    44,819.69$                    1,250.00$            1,200.00$          800.00$             2,500.00$                 5,000.00$         20,000.00$          3,000.00$         13,000.00$         -$                    

7 Fluoride Analyzer 20,000.00$                    153,347.20$                  2,500.00$            2,400.00$          1,600.00$          5,000.00$                 30,000.00$       40,000.00$          26,000.00$       26,000.00$         26,000.00$        

8 Water Softener 2,500.00$                       19,168.40$                    312.50$               300.00$             200.00$             625.00$                    3,750.00$         5,000.00$            3,250.00$         3,250.00$           3,250.00$          

9
BBU (includes refill feeder, weigh feeder, model 810 

BBU, saturator, volumetric feeder, control panel)
200,000.00$                  896,393.90$                  25,000.00$          24,000.00$        16,000.00$        50,000.00$               100,000.00$     400,000.00$       60,000.00$       260,000.00$      -$                    

10 Saturator Basement 50,000.00$                    -$                              

11 Building 475 SF @ $300

142,500.00$                  -$                              

12 Storage Warehouse Space

78,000.00$                    -$                              

13 Site Improvements 250,000.00$                  1,120,492.37$               31,250.00$          30,000.00$        20,000.00$        62,500.00$               125,000.00$     500,000.00$       75,000.00$       325,000.00$      -$                    

Subtotal Capital Cost 1,243,000.00$               

Contingency 30% 372,900.00$                  

Total Capital Cost 1,615,900.00$               

Operating Cost

Cost Per Year

1 Maintenance 24,860.00$                    271,684.29$                  27,967.50$          27,843.20$        26,848.80$        31,075.00$               37,290.00$       37,290.00$          32,318.00$       32,318.00$         32,318.00$        

2 Replace Equipment See above 4,799,891.93$               See above See above See above See above See above See above See above See above See above

3 Operation of Equipment
66,200.00$                    723,471.43$                  74,475.00$          74,144.00$        71,496.00$        82,750.00$               99,300.00$       99,300.00$          86,060.00$       86,060.00$         86,060.00$        

4 Power Cost
1,164.46$                       12,725.83$                    1,310.01$            1,304.19$          1,257.61$          1,455.57$                 1,746.68$         1,746.68$            1,513.79$         1,513.79$           1,513.79$          

5 Chemical Cost
182,206.77$                  1,991,259.75$               204,982.62$        204,071.59$     196,783.32$      227,758.47$            273,310.16$     273,310.16$       236,868.81$     236,868.81$      236,868.81$      

Subtotal Operating Cost 7,799,033.23$               

Operating Contingency 30% 2,339,709.97$               

Total 50-year Operating Cost 10,138,743.20$             

Total Capital and Operating 11,754,643.20$             

Average Yearly Operating (2022 Dollars) 202,774.86$                  

Nevada Grace Dry Building 
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Well Electric  Orange: 5% discount 

rate, Net Present Value 

Well Electric  Dry Building
Concept Level Cost LCCA Cost 2023 2024 2025 2030 2040 2050 2060 2070 2080

12.5% 12% 8% 25% 50% 50% 30.0% 30.0% 30.0%

Capital Cost 4 years 10 years 20 Years 30 Years 40 Years 50 Years

1 Electrical Equipment 71,000.00$                    544,382.57$                  8,875.00$            8,520.00$          5,680.00$          17,750.00$               106,500.00$     142,000.00$       92,300.00$       92,300.00$         92,300.00$        

2 PLC MicroLogic 1400 $45,000.00 345,031.21$                  5,625.00$            5,400.00$          3,600.00$          11,250.00$               67,500.00$       90,000.00$          58,500.00$       58,500.00$         58,500.00$        

3

Metering Pump Skid (about 2-8 pumps per facility, will 

follow up with table showing number of pumps for 

each facility)

360,000.00$                  1,613,509.02$               45,000.00$          43,200.00$        28,800.00$        90,000.00$               180,000.00$     720,000.00$       108,000.00$     468,000.00$      -$                    

4 Backflow Preventer 6,000.00$                       26,891.82$                    750.00$               720.00$             480.00$             1,500.00$                 3,000.00$         12,000.00$          1,800.00$         7,800.00$           -$                    

5 Man Door 8,000.00$                       35,855.76$                    1,000.00$            960.00$             640.00$             2,000.00$                 4,000.00$         16,000.00$          2,400.00$         10,400.00$         -$                    

6 Roll up Door 10,000.00$                    44,819.69$                    1,250.00$            1,200.00$          800.00$             2,500.00$                 5,000.00$         20,000.00$          3,000.00$         13,000.00$         -$                    

7 Fluoride Analyzer 20,000.00$                    153,347.20$                  2,500.00$            2,400.00$          1,600.00$          5,000.00$                 30,000.00$       40,000.00$          26,000.00$       26,000.00$         26,000.00$        

8 Water Softener 2,500.00$                       19,168.40$                    312.50$               300.00$             200.00$             625.00$                    3,750.00$         5,000.00$            3,250.00$         3,250.00$           3,250.00$          

9
BBU (includes refill feeder, weigh feeder, model 810 

BBU, saturator, volumetric feeder, control panel)
200,000.00$                  896,393.90$                  25,000.00$          24,000.00$        16,000.00$        50,000.00$               100,000.00$     400,000.00$       60,000.00$       260,000.00$      -$                    

10 Saturator Basement 50,000.00$                    -$                              

11 Building 475 SF @ $300

142,500.00$                  -$                              

12 Storage Warehouse Space

78,000.00$                    -$                              

13 Site Improvements 250,000.00$                  1,120,492.37$               31,250.00$          30,000.00$        20,000.00$        62,500.00$               125,000.00$     500,000.00$       75,000.00$       325,000.00$      -$                    

Subtotal Capital Cost 1,243,000.00$               

Contingency 30% 372,900.00$                  

Total Capital Cost 1,615,900.00$               

Operating Cost

Cost Per Year

1 Maintenance 24,860.00$                    271,684.29$                  27,967.50$          27,843.20$        26,848.80$        31,075.00$               37,290.00$       37,290.00$          32,318.00$       32,318.00$         32,318.00$        

2 Replace Equipment See above 4,799,891.93$               See above See above See above See above See above See above See above See above See above

3 Operation of Equipment
66,200.00$                    723,471.43$                  74,475.00$          74,144.00$        71,496.00$        82,750.00$               99,300.00$       99,300.00$          86,060.00$       86,060.00$         86,060.00$        

4 Power Cost 1,168.74$                       12,772.68$                    1,314.83$            1,308.99$          1,262.24$          1,460.93$                 1,753.11$         1,753.11$            1,519.36$         1,519.36$           1,519.36$          

5 Chemical Cost 256,817.84$                  2,806,652.09$               288,920.07$        287,635.98$     277,363.27$      321,022.30$            385,226.76$     385,226.76$       333,863.19$     333,863.19$      333,863.19$      

Subtotal Operating Cost 8,614,472.42$               

Operating Contingency 30% 2,584,341.73$               

Total 50-year Operating Cost 11,198,814.14$             

Total Capital and Operating 12,814,714.14$             

Average Yearly Operating (2022 Dollars) 223,976.28$                  

Well Electric Dry Building
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State Environmental Policy Act (SEPA) 
ENVIRONMENTAL CHECKLIST 

File No.   
 

PLEASE READ CAREFULLY BEFORE COMPLETING THE CHECKLIST! 
 

Purpose of Checklist: 
The State Environmental Policy Act (SEPA) chapter 43.21C RCW, requires all governmental agencies 
to consider the environmental impacts of a proposal before making decisions. An Environmental Impact 
Statement (EIS) must be prepared for all proposals with probable significant adverse impacts on the 
quality of the environment. The purpose of this checklist is to provide information to help you and the 
agency identify impacts from your proposal (and to reduce or avoid impacts from the proposal, if it can 
be done) and to help the agency decide whether an EIS is required. 

 
Instructions for Applicants: 

This environmental checklist asks you to describe some basic information about your proposal. 
Governmental agencies use this checklist to determine whether the environmental impacts of your 
proposal are significant, requiring preparation of an EIS. Answer the questions briefly, with the most 
precise information known, or give the best description you can. 

 
You must answer each question accurately and carefully, to the best of your knowledge. In most cases, 
you should be able to answer the questions from your own observations or project plans without the need 
to hire experts. If you really do not know the answer, or if a question does not apply to your proposal, 
write "do not know" or "does not apply." Complete answers to the questions now may avoid unnecessary 
delays later. 

 
Some questions ask about governmental regulations, such as zoning, shoreline, and landmark 
designations. Answer these questions if you can. If you have problems, the governmental agencies can 
assist you. 

 
The checklist questions apply to all parts of your proposal, even if you plan to do them over a period of 
time or on different parcels of land. Attach any additional information that will describe your proposal or 
its environmental effects. The agency to which you submit this checklist may ask you to explain your 
answers or provide additional information reasonably related to determining if there may be significant 
adverse impact. 

 
Use of checklist for nonproject proposals: 
Complete this checklist for nonproject proposals, even though questions may be answered "does not 
apply." 

 
IN ADDITION, complete the SUPPLEMENTAL SHEET FOR NONPROJECT ACTIONS (Part D). 

 
For nonproject actions, the references in the checklist to the words "project," "applicant," and "property 
or site" should be read as "proposal," "proposer," and "affected geographic area," respectively. 
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A. BACKGROUND 
 

1. Name of proposed project: City of Spokane Preliminary Engineering Study for Fluoridation  

2. Applicant: City of Spokane Public Works  

3. Address: 808 West Spokane Falls Boulevard    

 City/State/Zip: Spokane, WA 99201   Phone: 509.755.2489  

Agent or Primary Contact: Katherine Miller     

Address: 808 West Spokane Falls Boulevard    

 City/State/Zip: Spokane, WA 99201   Phone: 509.625.6338  

Location of Project:  Refer to the table below   

  Address:       

Section:   Quarter:  Township:    Range:   

Altogether, the project area covers approximately 2.2 acres and lies in Sections 04, 08, 11, 22, and 

23 of Township 25 North, Range 43 East; and Section 31 of Township 26 North, Range 43 East, 

Willamette Meridian. Please refer to Attachment A for a site plan.   

Tax Parcel Number(s)       
Pump 
Station  Location Address  Tax Parcel Number 
Well Electric  2810 North Waterworks Street, Spokane, WA 99212 35111.0001 
Parkwater 5317 West Rutter Avenue, Spokane, WA 99212 35114.2501 
Ray Well 533 South Ray Street, Spokane, WA 99202 35222.0001 
Central 5903 North Normandie Street, Spokane, WA 99205 36311.1406 
Grace 914 East North Foothills Drive, Spokane, WA 99207 35081.2802 
Nevada 914 East North Foothills Drive, Spokane, WA 99207 35081.2802 
Hoffman 2109 East Hoffman Avenue, Spokane, WA 99207 35041.0419 
Havana 4302 East 6th Avenue, Spokane Valley, WA 99212 35232.4114 

 

4. Date checklist prepared: February 21, 2023  
 

5. Agency requesting checklist: City of Spokane (City) 
   

6. Proposed timing or schedule (including phasing, if applicable):  

This is a preliminary engineering study for fluoridation implementation. A proposed schedule has not 

been defined.   

 
7. a. Do you have any plans for future additions, expansion, or further activity related to or connected 

with this proposal? If yes, explain.  

There are no plans for future additions or expansions related to the proposed project.  
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b. Do you own or have options on land nearby or adjacent to this proposal? If yes, explain.  
The City does own land nearby or adjacent to the properties, although not a part of this project. 

  
8. List any environmental information you know about that has been prepared, or will be prepared, 

directly related to this proposal.  

The following environmental studies and reports were prepared for this project:  

•  Cultural Resource Survey was prepared by Plateau Archeological Investigations, LLC on 

December 8, 2022 

•  SEPA checklist, prepared by Parametrix, dated February 21, 2023 

•  Preliminary Engineering Study for Fluoridation: Fluoridation System Alternatives Report, 

prepared by Murraysmith for the City of Spokane in December of 2022   

 

9. Do you know whether applications are pending for governmental approvals of other proposals 

directly affecting the property covered by your proposal? If yes, explain.  

There are no known pending applications or proposals related to properties covered by this  

 proposal.    
 

10. List any government approvals or permits that will be needed for your proposal, if known.  
 
The table below shows the anticipated required permits for each site.  

 
Well Station 

Location Permits Required 

Well Electric 

Shoreline Permit 
Confirm height requirements with FAA 
Existing site partially within FEMA 100-year flood zone 
SEPA review 
Historic/architectural review 

Parkwater SEPA Review 
Historic/architectural review 

Ray 
Conditional Use (Residential Zone) 
SEPA review 
Historic/architectural review 

Central Conditional Use (Residential Zone) 
SEPA review 

Grace 
No special permitting requirements 
SEPA review 
Historic/architectural review 

Nevada No special permitting requirements 
SEPA review. 

Hoffman 
Conditional Use (Residential Zone) 
SEPA review 
Historic/architectural review 

Havana 
Permitting within City of Spokane Valley 
Conditional Use (Residential Zone) 
SEPA review 
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11. Give brief, complete description of your proposal, including the proposed uses and the size of the 

project and site. There are several questions later in this checklist that ask you to describe certain 

aspects of your proposal. You do not need to repeat those answers on this page.   

 The City of Spokane is conducting a preliminary engineering study to understand all the elements 

needed to implement fluoridation of the City’s municipal water system if the city chooses to move 

forward. Parametrix and MurraySmith are the consultants on the project assisting the City of Spokane 

with the fluoridation study. If the City decides to implement fluoridation, the project will require the 

retrofit of each of its seven existing well pump stations, and a new well pump station currently under 

construction, to add necessary fluoridation chemical feed systems. The future fluoridation facilities for 

each site will need to be housed in a new dedicated building. The exception is the Well Electric 

building, though extensive retrofits would be required to facilitate the new system.  

 
a. Location of the proposal: Give sufficient information for a person to understand the precise location 

of your proposed project, including a street address, if any, and section, township, and range, if known. 

If a proposal would occur over a range of area, provide the range or boundaries of the site(s). Provide 

a legal description, site plan, vicinity map, and topographic map, if reasonably available. While you 

should submit any plans required by the agency, you are not required to duplicate maps or detailed 

plans submitted with any permit application related to this checklist.   

Altogether, the project area covers approximately 2.2 acres and lies in Sections 04, 08, 11, 22, and 

23 of Township 25 North, Range 43 East; and Section 31 of Township 26 North, Range 43 East, 

Willamette Meridian. Please refer to Attachment A for a site plan.     

Pump Station  Location  
Well Electric  2810 North Waterworks Street, Spokane, WA 99212 
Parkwater 5317 West Rutter Avenue, Spokane, WA 99212 
Ray Well 533 South Ray Street, Spokane, WA 99202 
Central 5903 North Normandie Street, Spokane, WA 99205 
Grace 914 East North Foothills Drive, Spokane, WA 99207 
Nevada 914 East North Foothills Drive, Spokane, WA 99207 
Hoffman 2109 East Hoffman Avenue, Spokane, WA 99207 
Havana 4302 East 6th Avenue, Spokane Valley, WA 99212 

 

12. Does the proposed action lie within the Aquifer Sensitive Area (ASA)? The General Sewer Service 

Area? The Priority Sewer Service Area? The City of Spokane? (See: Spokane County's ASA Overlay 

Zone Atlas for boundaries.)  

None of the project sites lie within the ASA. All sites lie within the Spokane-Rathdrum Aquifer. The 

project sites lie within the general sewer service area. The sites do not lie within the Priority Sewer 

Service Area. All project sites lie within the City of Spokane except for the Havana well site, which lies 
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within the City of Spokane Valley on a City of Spokane owned property.    

13. The following questions supplement Part A. 
 

a. Critical Aquifer Recharge Area (CARA) / Aquifer Sensitive Area (ASA) 
 

(1) Describe any systems, other than those designed for the disposal of sanitary waste installed for 

the purpose of discharging fluids below the ground surface (includes systems such as those for 

the disposal of stormwater or drainage from floor drains). Describe the type of system, the amount 

of material to be disposed of through the system and the types of material likely to be disposed of 

(including materials which may enter the system inadvertently through spills or as a result of 

firefighting activities).   

At all project sites, bio-infiltration swales with drywells will treat and dispose of stormwater runoff 

from the new access driveways for liquid deliveries. New building roof drain leaders will be piped 

directly into drywells for stormwater disposal. Approximate quantities (cubic feet per second – 

CFS) of stormwater from the access driveways and building is provided in the table below. The 

stormwater runoff will follow Spokane Regional Stormwater Guidelines.  

Well Station Location Drainage 
Well Electric Overall - 0.58 cfs, Driveway Only - 0.55 cfs, Bldg. Only - 0.03 cfs 
Parkwater Overall - 0.25 cfs, Driveway Only - 0.20 cfs, Bldg. Only - 0.05 cfs 

Ray Overall - 0.56 cfs, Driveway Only - 0.52 cfs, Bldg. Only - 0.04 cfs 
Central Overall - 0.18 cfs, Driveway Only - 0.07 cfs, Bldg. Only - 0.11 cfs 
Hoffman Overall - 0.28 cfs, Driveway Only - 0.24 cfs, Bldg. Only - 0.04 cfs 
Havana Bldg. Only - 0.04 cfs 

Grace and Nevada Bldg. Only - 0.03 cfs 
 

(2) Will any chemicals (especially organic solvents or petroleum fuels) be stored in aboveground or 

underground storage tanks? If so, what types and quantities of material will be stored?  

Fluorosilicic acid (FSA) will be stored in above ground tanks at each site. The below table gives 

estimates on onsite above ground chemical storage. The amounts reflect 60 days of bulk 

storage.  
 Site Location 

Major Equipment Well Electric Parkwater Ray  Central Nevada/Grace Hoffman Havana 

 Liquid FSA 

Bulk Storage Onsite 
(gal) 10,000 10,000 5,000 5,000 10,000 2,000 5,000 
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(3) What protective measures will be taken to ensure that leaks or spills of any chemicals stored or 

used on site will not be allowed to percolate to groundwater. This includes measures to keep 

chemicals out of disposal systems.  

The liquid chemical has a potential for a spill, which could contaminate the groundwater. Protective 

measures would be to incorporate a new structure at each existing well-station site for bulk and 

day storage tanks with transfer/metering pumps, analyzers, electrical/control elements, and 

HVAC. Bulk chemical storage will be secured in a dedicated room. There will be a containment 

feature at the delivery hose building connection to catch potential transfer spills from the delivery 

truck to the storage tanks. Spill control absorbent pillows and dams will be used for initial 

containment, with follow-up action to neutralize the acid with lime or caustic soda. An epoxy 

undercoat and a urethane topcoat will be applied to manholes and polyurethane will be 

implemented to protect the concrete.   
 

(4) Will any chemicals be stored, handled, or used on the site in a location where a spill or leak will 

drain to surface or groundwater or to a stormwater disposal system discharging to surface or 

groundwater?  

Yes, chemicals will be stored, handled, and used on site in a location that may spill or leak to 

surface, groundwater, or stormwater disposal system discharging to surface or groundwater. Spill 

control response aids will be readily accessible wherever liquid additives are handled.   

b. Stormwater 
 

(1) What are the depths on the site to groundwater and to bedrock (if known)?  
 

Depths to groundwater and bedrock are unknown at all project sites.     
 

 
(2) Will stormwater be discharged into the ground? If so, describe any potential impacts.  

 
Yes, stormwater will be discharged into the ground via drywells in compliance with Spokane 

Regional Stormwater Guidelines. Best management practices (BMPs) consistent with the City of 

Spokane’s stormwater management regulations and construction standard specifications would 

be used to protect the existing stormwater drainage system, manage construction disturbance 

and stormwater runoff, and minimize erosion and sedimentation.    

  



Evaluation for 
Agency Use Only 

7 OF 32 

 

 

B. ENVIRONMENTAL ELEMENTS 
 

1. Earth 
 

a. General description of the site (check one): 

X Flat ☐ Rolling ☐ Hilly X Steep slopes ☐ Mountainous 

Other:  

All project sites are generally flat except for the Well Electric site, which is located at the Upriver Dam. 

The site has a steep slope at the northwest side of the property that descends to the Spokane River. 
 

b. What is the steepest slope on the site (approximate percent slope)?  

The table below indicates the steepest slopes at each site.  

Well Station Location Steepest Slope 
Well Electric 30% 
Parkwater 15% 

Ray 3% 
Central 3% 
Grace 3% 

Nevada 3% 
Hoffman 3% 
Havana 3% 

 
c. What general types of soils are found on the site (for example, clay, sand, gravel, peat, muck)? If 

you know the classification of agricultural soils, specify them, and note any agricultural land of long- 

term commercial significance and whether the proposal results in removing any of these soils.  

The table below indicates the types of soils found on each site. None of the subject properties are 

agricultural land of long-term commercial significance. Soils Information retrieved from the USDA Web 

Soils Survey (https://websoilsurvey.sc.egov.usda.gov/ ).      
 

  
Well Station Location Soil Material 

Well Electric Sandy and gravelly glaciofluvial deposits with minor amounts 
of volcanic ash and loess in the upper part 

Parkwater Urban land, gravelly substratum 

Ray 
Sandy and gravelly glaciofluvial deposits with minor amounts 
of volcanic ash and loess in the upper part 

Central Sandy and gravelly glaciofluvial deposits 

Grace Sandy and gravelly glaciofluvial deposits with minor amounts 
of volcanic ash and loess in the upper part 

Nevada Sandy and gravelly glaciofluvial deposits with minor amounts 
of volcanic ash and loess in the upper part 

Hoffman Sandy and gravelly glaciofluvial deposits with minor amounts 
of volcanic ash and loess in the upper part 

Havana Sandy and gravelly glaciofluvial deposits with minor amounts 
of volcanic ash and loess in the upper part 
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d. Are there surface indications or history of unstable soils in the immediate vicinity? If so, describe.  

There are no surface indications or history of unstable soils in the immediate vicinity of the sites. 
  

e. Describe the purpose, type, total area, and approximate quantities and total affected area of any 

filling, excavation, and grading proposed. Indicate source of fill:  

The project will require minor excavations for foundations and driveway subgrades on the sites listed 

below Earthwork fills will consist of imported gravel and hot mix asphalt to construct access driveways.

  
Well Station 

Location Purpose Type Total Area 
Affected 

Earthwork 
Volume (CY) 

Well Electric Driveway Access & Building Foundation Excavation & Grading 10,787 SF 436 
Parkwater Driveway Access & Building Foundation Excavation & Grading 4,647 SF 213 

Ray Driveway Access & Building Foundation Excavation & Grading 10,300 SF 417 
Central Driveway Access & Building Foundation Excavation & Grading 3,340 SF 168 

Hoffman Driveway Access & Building Foundation Excavation & Grading 5,213 SF 561 
Havana Building Foundation Excavation & Grading 729 SF 63 

Grace & Nevada Building Foundation Excavation & Grading 645 SF 57 
 

f. Could erosion occur as a result of clearing, construction, or use? If so, generally describe.  

Minor wind erosion and/or stormwater runoff could occur during site grading and building construction. 

Best management practices will be used to control wind and/or water erosion on this site. Additional site 

specific and weather specific mitigation measures will be implemented during construction, as per an 

approved Erosion and Sedimentation Control Plan.  
 

g. About what percent of the site will be covered with impervious surfaces after project construction 

(for example, asphalt, or buildings)?  

Impervious surface coverage percentages below. These surfaces may include roadways, sidewalks, 

buildings, and driveways.   
Well Station 

Location 
Existing (Project Area) 

Impervious Surface Percentage 
Post Construction Impervious 

Percentage Difference 
Well Electric 30% 4% 
Parkwater 20% 16% 

Ray 4% 12% 
Central 22% 12% 

Hoffman 8% 18% 
Havana 45% 1% 

Grace & Nevada 87% 0% 
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h. Proposed measures to reduce or control erosion or other impacts to the earth, if any:  

BMPs will be used to control wind and/or water erosion on this site, such as silt fencing and straw bale 

barriers will be employed to minimize the potential for erosion during construction. Additional site specific 

and weather specific mitigation measures will be implemented during construction, as per an approved 

Erosion and Sedimentation Control Plan. Any vegetative areas disturbed during construction will be 

reseeded. The plan shall comply with the Spokane Region Stormwater Manual (2008). 

 
2. Air 

 
a. What type of emissions to the air would result from the proposal during construction, operation, and 

maintenance when the project is completed? If any, generally describe and give approximate 

quantities if known.  

During construction, emissions would occur from vehicles and mobile and stationary equipment that 

combust gasoline and diesel fuels, such as crew vehicles, trucks, and construction equipment. The 

increase in emissions from construction would be temporary and mitigation measures would be used 

to control the generation of dust (e.g., spraying water over disturbed soil areas during dry weather). 

Although there are residential uses within the project vicinity, the temporary increase in emissions is 

not expected to adversely impact air quality. Upon project completion, the use of FSA may cause an 

unpleasant acidic odor. Proper ventilation design of the facility can direct the odor upwards. Since 

the fumes are lighter than air, they will rise and have a negligible effect on the local neighborhood. 
 

b. Are there any off-site sources of emissions or odor that may affect your proposal? If so, generally 

describe.  

There are no known off-site sources of emissions or odors that would affect the project.     
 

c. Proposed measures to reduce or control emissions or other impacts to air, if any:  
During construction, impacts to air quality would be reduced and controlled through implementation of 

standard federal, state, and local emission control criteria and City of Spokane construction practices.  

These would include requiring contractors to use best available control technologies, develop an odor 

control plan, ensure proper vehicle maintenance, and minimize vehicle and equipment idling. Proper 

ventilation design measures will be implemented to reduce impacts to air quality in and around the 

facility. 

 
 
 
 

3. Water 
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a. SURFACE WATER: 

 
(1) Is there any surface water body on or in the immediate vicinity of the site (including year-round 

and seasonal streams, saltwater, lakes, ponds, wetlands)? If yes, describe type and provide 

names. If appropriate, state what stream or river it flows into.  

The Spokane River is in the immediate vicinity of the Well Electric site. The Spokane River drains the 

northern part of Lake Coeur d'Alene, emptying into the Columbia River at Franklin D. Roosevelt Lake, 

approximately 110 miles downstream.        
 

(2) Will the project require any work over, in, or adjacent to (within 200 feet) the described waters? 

If yes, please describe and attach available plans.  

Well Electric site is within 200 feet of the Spokane River. Please refer to Attachment A for a site 

plan.              
 

 
(3) Estimate the amount of fill and dredge material that would be placed in or removed from the 

surface water or wetlands and indicate the area of the site that would be affected. Indicate the 

source of fill material.  

No material would be placed in or removed from surface water or wetlands.  
 

(4) Will the proposal require surface water withdrawals or diversions? If yes, give general 

description, purpose, and approximate quantities if known.  

The proposed work would not require surface water withdrawals or diversions.  

 

(5) Does the proposal lie within a 100-year floodplain? If so, note location on the site plan.  
The Well Electric project site is within the FEMA 100-year floodplain. Please refer to Attachment B, 

Well Electric Site Floodplain Map.  
 

 
(6) Does the proposal involve any discharge of waste materials to surface waters? If so, describe 

the type of waste and anticipated volume of discharge.  

The project would not discharge waste materials to surface waters.       
 
  



Evaluation for 
Agency Use Only 

11 OF 32 

 

 

b. GROUNDWATER: 
 

(1) Will groundwater be withdrawn from a well for drinking water or other purposes? If so, give a 

general description of the well, proposed uses and approximate quantities withdrawn from the 

well. Will water be discharged to groundwater? Give general description, purpose, and 

approximate quantities if known.  

Groundwater is currently withdrawn from the below listed existing well sites for domestic water 

usage. There is no change to the withdrawal quantities as a result of this project. Water will not 

be discharged to groundwater.  
 
 

(2) Describe waste material that will be discharged into the ground from septic tanks or other sources, 

if any (for example: Domestic sewage; industrial, containing the following chemicals…; 

agricultural; etc.). Describe the general size of the system, the number of such systems, the 

number of houses to be served (if applicable), or the number of animals or humans the system(s) 

are expected to serve.  

This project would not discharge waste material from septic tanks or other sources into 

groundwater.  
 

c. WATER RUNOFF (INCLUDING STORMWATER): 
 

(1) Describe the source of runoff (including stormwater) and method of collection and disposal if any 

(include quantities, if known). Where will this water flow? Will this water flow into other waters? 

If so, describe.  

Stormwater is expected to be the only source of water runoff from this site. Stormwater runoff from 

impervious surfaces will be collected and disposed in drywells or released into existing drainage 

ways, in accordance with adopted stormwater guidelines. The Project will not change existing 

stormwater drainage patterns. Stormwater runoff may need to be managed during construction to 

prevent sediment from entering and leaving the construction site. Barriers such as sandbags would 

be used to prevent runoff from entering the construction zone. Once construction is complete, 

temporary erosion control measures would be removed. The completed project would not create a 

Well Station 
Location Description 

Approximate Quantities 
Withdrawn Annually 
(Millions of gallons) 

Well Electric Existing Well/Domestic Drinking Water 7,520  
Parkwater Existing Well/Domestic Drinking Water 10,073  

Ray Existing Well/Domestic Drinking Water 1,942  
Central Existing Well/Domestic Drinking Water 2,145 
Grace Existing Well/Domestic Drinking Water 1,397 

Nevada Existing Well/Domestic Drinking Water 1,416 
Hoffman Existing Well/Domestic Drinking Water 597 
Havana Existing Well/Domestic Drinking Water TBD, currently under construction 
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need to manage additional stormwater runoff beyond current conditions. The current volume, timing, 

and duration of these stormwater flows are not known. With the exception of Well Electric, stormwater 

will not flow into existing water ways. Stormwater from the Well Electric site could drain into the 

Spokane River via sheet flow from the site.       
 

(2) Could waste materials enter ground or surface waters? If so, generally describe.  
 

No part of the proposed work involves any discharges of waste materials to surface or ground waters. 

However, non-sediment pollutants that may be present during construction include petroleum 

products such as fuel, lubricants, hydraulic fluids, and oils from construction vehicles and equipment. 

These waste materials could enter surface waters from the Well Electric site in the event of a spill. 

Procedures to prevent a spill include preparing a containment plan outlining procedures and 

responsibilities to identify, access, and handle materials of concern, spill prevention methods, spill 

control equipment, clean up procedures, spill reporting protocol, and emergency contact numbers. 
 

(3) Does the proposal alter or otherwise affect drainage patterns in the vicinity of the site? If so, 

describe. 
 

The proposed project would not alter or otherwise affect drainage patterns.    
 
 

d. PROPOSED MEASURES to reduce or control surface, ground, and runoff water, and drainage 

patter impacts, if any.  

To minimize stormwater impacts, the proposed project will be designed and constructed in 

accordance with Ecology’s Stormwater Management Manual for Western Washington and the 

Spokane Regional Stormwater Manual (2008). Stormwater discharges will comply with Washington 

State and federal water quality standards. Additional permitting conditions will be determined during 

design and each proposed improvement will adhere to permit requirements during project 

construction. Following construction, all disturbed undeveloped areas will be restored with native and 

ornamental landscaping.  
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4. Plants 
 

a. Check the type of vegetation found on the site: 

Deciduous tree: ☐ alder ☐ maple X aspen 

Other:      

Evergreen tree: X fir ☐ cedar X pine 

Other:   

X  Shrubs X Grass ☐ Pasture ☐ Crop or grain 

☐ Orchards, vineyards, or other permanent crops 

Wet soil plants: ☐ cattail ☐ buttercup ☐ bullrush ☐ skunk cabbage 

Other:     

Water plants: ☐ water lily ☐ eelgrass ☐ milfoil 

Other:   

Other types of vegetation:   

b. What kind and amount of vegetation will be removed or altered?  
All existing vegetation within the proposed footprint of the new buildings for each site is planned to be 

removed. Most of the vegetation within the project area is grasses and shrubs. Disturbed vegetation 

outside of the planned building footprints would be restored to pre-project conditions. Existing trees 

would be protected.  
 

c. List threatened and endangered species known to be on or near the site.  
 
There are no threatened or endangered plant species known to be on or near the sites.  

 
 

d. Proposed landscaping, use of native plants, or other measures to preserve or enhance vegetation 

on the site, if any:  

All areas temporarily impacted due to construction will be restored to preconstruction conditions.  
 
 

e. List all noxious weeds and invasive species known to be on or near the site.  
There are no noxious weeds known to be on or near the sites; invasive species could include grasses 

and weeds typical of roadside vegetation.  
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5. Animals 
 

a. Check and List any birds and other animals which have been observed on or near the site or are 

known to be on or near the site: 

Birds: X hawk ☐ heron ☐ eagle X songbirds 

Other:      

Mammals: ☐ deer ☐ bear ☐ elk ☐ beaver 

Other:       

Fish: ☐ bass ☐ salmon X trout ☐ herring ☐ shellfish 

Other:   

Other (not listed in above categories):   

b. List any threatened or endangered animal species known to be on or near the site. 
Due to its proximity to the Spokane River, the Bull Trout is listed as a threatened animal species for the 

Well Electric site. Due to relatively high development, there are no known threatened or endangered 

species know to be on or near the other project sites.        
 

 
c. Is the site part of a migration route? If so, explain.  

 

The sites are within the Pacific Flyway migratory path for birds. However, the proposed project is not 

anticipated to have any measurable effects to migratory birds.      

d. Proposed measures to preserve or enhance wildlife, if any:  
All turf and shrubs impacted during construction will be restored as required. Project work would be 

performed in accordance with applicable City of Spokane water quality regulations and construction 

BMPs.  

e. List any invasive animal species known to be on or near the site.  
There are no invasive animal species known to be on or near the sites.  

 

 
6. Energy and natural resources 

 
a. What kinds of energy (electric, natural gas, oil, wood stove, solar) will be used to meet the 

completed project's energy needs? Describe whether it will be used for heating, manufacturing, etc. 

Electricity will be used to power the pumps and provide heating and cooling to the building.   
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b. Would your project affect the potential use of solar energy by adjacent properties? If so, generally 

describe.  

The proposed project would not affect the potential use of solar energy by adjacent properties.   
 

c. What kinds of energy conservation features are included in the plans of this proposal? List other 

proposed measures to reduce or control energy impacts, if any:  

Energy usage for these projects will be small, as the dosing pumps are low horsepower. No conservation 

features beyond those required in the building code are included.    

7. Environmental health 
 

a. Are there any environmental health hazards, including exposure to toxic chemicals, risk of fire and 

explosion, spill, or hazardous waste that could occur as a result of this proposal? If so, describe.  

 There is a risk for environmental health hazards due to a potential risk of a spill or overfeed to the 

system of liquid FSA, which could occur as a result of this proposal. However, numerous redundant 

design features would be incorporated to prevent overfeed, Safety and personal protective measure 

would also be in place for personnel in potential contact with fluoride products.     
 

(1) Describe any known or possible contamination at the site from present or past uses.  
The Grace and Nevada Well sites, located at 914 E North Foothills Drive, is the only project site 

identified to have past contamination. Ecology lists the status of the site as “cleanup started”. The 

site is known as the City Operations Complex, owned by the City of Spokane. Soil contamination is 

being cleaned up as part of the site's redevelopment into the Denny Yasuhara Middle School. Site 

ownership is transferring from the city to the Spokane School District. The site was bisected by the 

Spokane Falls and Northern Railroad in the late 1880s. Other past uses include lumber storage and 

milling through the 1970s, masonry block manufacturing from the 1960s to the 1980s, automotive 

repair and fueling, and materials storage. Suspected and confirmed pollution sources include coal 

ash, releases from railcars, heavy oil from railroad use, emissions from the nearby foundry, asphalt 

debris, dry wells, underground storage tanks, and releases from vehicles or materials storage and 

handling. The site's potentially contaminated areas include the following: 

• The Water Department materials storage area to the north of the site 

• The railroad bed transecting the site from northeast to southwest 

• The solid waste management area to the west 

• The construction management area to the south 

• The 200-foot-long former log pond area to the southwest 

• The former underground storage tanks (two 1,000-gallon tanks were removed in 1986) 

• The kiln building (wood drying and hazardous materials storage) to the west 
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• A third storage building (battery and oil waste recycling) to the north 
 

(2) Describe existing hazardous chemicals/conditions that might affect project development and 

design. This includes underground hazardous liquid and gas transmission pipelines located within 

the project area and in the vicinity.  

Non-sediment pollutants that may be present during construction include petroleum products 

including fuel, lubricants, hydraulic fluids, and form oils and chemicals associated with portable 

toilets. Currently, chlorine gas and natural gas is stored on each site.     
 

(3) Describe any toxic or hazardous chemicals/conditions that might be stored, used, or produced 

during the project’s development or construction, or at any time during the operating life of the 

project.  

Liquid FSA would be stored on all sites and used during the operating life of the project. FSA is a 

very acidic solution with a National Fire Protection Association 704 classification of extreme 

danger for health and unstable if heated for reactivity. In addition, chlorine gas and natural gas, 

both toxic and hazardous chemicals, would be stored and used during the operating life of the 

constructed project. Appropriate ventilation will be included to prevent inhalation of fumes and 

personal protective equipment (PPE) will be utilized by operators to provide protection for eyes 

and skin.  
 

(4) Describe special emergency services that might be required.  
Under normal operating conditions, no special emergency services would be required.   

 
 

(5) Proposed measures to reduce or control environmental health hazards, if any: 
 Protective measures would be to incorporate a new structure at each existing well station sites for 

bulk and day storage tanks with transfer/metering pumps, analyzers, electrical/control elements, and 

HVAC. Bulk storage will be secured in a dedicated room. There will be a containment feature at the 

delivery hose building connection to catch potential transfer spills from the delivery truck to the 

storage tanks. Spill control absorbent pillows and dams will be used for initial containment, with 

follow-up action to neutralize the acid with lime or caustic soda. An epoxy undercoat and a urethane 

topcoat will be applied to manholes and polyurethane will be implemented to protect the concrete. 

Overfeed of liquid FSA would pose a City-wide hazard for all customers of the water system; 

however, numerous redundant design features and safety measure would be incorporated to prevent 

overfeed, including the following.    

• Process control 

• Equipment calibration 
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• Anti-siphon devices 

• Backpressure 

• Calibration columns 

• Analyzer(s) 

• Check valve(s) 

• Flow switch(es) 

 Proper remediation actions will be taken if there is an overfeed of fluoride to the municipal water 

system. The recommended actions information is provided in the following link: 

https://doh.wa.gov/sites/default/files/legacy/Documents/Pubs//331-609.pdf?uid=625ef4322a954. 

 A health and safety plan would be in place. In addition, a spill response kit will be maintained at each 

site during construction work at that site, and all project site workers would be trained in spill 

prevention and containment The addition of any chemical to a public water supply, other than a 

disinfectant requires a minimum operator certification of Water Treatment Plant Classification 2, 

WTPO 2 (WAC 246-292-050). There will be a at least one designated certified operator in 

responsible charge of the fluoridation system at this certification level.                         

  The CDC recommends that personnel in potential contact with fluoride products always wear PPE. 

The equipment will vary based on the task being performed at each site. Even with a full-face shield 

and goggles, eye irritation is possible, especially if PPE fails. In the event of a spill, a safety shower 

and eye wash station will be available for immediate use. The manufacturer’s SDS is the primary 

source of information for PPE required to handle concentrated fluoride additive product.  

NOISE: 

(6) What types of noise exist in the area which may affect your project (for example: traffic, 

equipment, operation, other)? Existing noise within the project vicinity is generated by vehicle 

traffic and residential activities, which would not affect the project sites. 
 

(7) What types and levels of noise would be created by or associated with the project on a short- term 

or a long-term basis (for example: traffic, construction, operation, other)? Indicate what hours 

noise would come from the site.  

Short-term typical construction noise will be generated at each site. This noise will primarily occur 

during daylight hours (7 a.m. to 7 p.m.) and is expected to occur Monday through Friday. The 

completed project will generate noise typically associated with residential uses. The completed 

project would generate no additional noise from equipment used for operation or maintenance.  
 

(8) Proposed measure to reduce or control noise impacts, if any:  

https://doh.wa.gov/sites/default/files/legacy/Documents/Pubs/331-609.pdf?uid=625ef4322a954
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Construction of the project would comply with requirements of applicable noise control laws and 

regulations addressing maximum noise levels and the days/hours during which noise-generating 

construction work is allowed, including the Washington State Noise Control Act of 1974 (70.107 RCW), 

the implementing Maximum Environmental Noise Level regulations adopted by the Washington State 

Department of Ecology (Chapter 173-60 WAC), City of Seattle Noise Control regulations (SMC Chapter 

25.08), and/or other applicable noise ordinances and regulations.     

 
8. Land and shoreline use 

 
a. What is the current use of the site and adjacent properties? Will the proposal affect current land 

uses on nearby or adjacent properties? If so, describe.  

The project will not affect current land uses on nearby or adjacent properties.    
 

Well Station 
Location Current Land Use 

Well Electric R 4-10, Light-Industrial, Conservation OS 
Parkwater Light-Industrial 
Ray R 10-20 
Central R 4-10 
Grace Light-Industrial 
Nevada Light-Industrial 
Hoffman R 4-10 
Havana Multifamily Residential 

 
 

b. Has the project site been used as working farmlands or working forest lands? If so, describe. How 

much agricultural or forest land of long-term commercial significance will be converted to other uses 

as a result of the proposal, if any? If resource lands have not been designated, how many acres in 

farmland or forest land tax status will be converted to nonfarm or nonforest use?  

The project sites have not recently been used as working farmlands or forest lands.    
 
 

1) Will the proposal affect or be affected by surrounding working farm or forest land normal business 

operations, such as oversize equipment access, the application of pesticides, tilling, and 

harvesting? If so, how:  

The project sites do not have surrounding farm or forest lands.  
 

c. Describe any structures on the site.  
There are existing well housing structures on all sites.  

 
d. Will any structures be demolished? If so, which?  
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The existing control building located at the Central Well Station site would be demolished to the 

foundation and replaced with a new facility housing existing well controls, existing chlorination 

equipment, and the proposed fluoridation system.  
 

e. What is the current zoning classification of the site?  
 

Well Station Location Current Zoning 
Well Electric Residential Single-Family, Light-Industrial 
Parkwater Light-Industrial 

Ray Residential Two-Family 
Central Residential Single-Family 
Grace Light-Industrial 

Nevada Light-Industrial 
Hoffman Residential Single-Family 
Havana Multifamily Residential 

 
 

f. What is the current comprehensive plan designation of the site?  
 
 

Well Station Location Current Comprehensive Plan Designation 
Well Electric Residential Single-Family, Light-Industrial 
Parkwater Light-Industrial 

Ray Residential Two-Family 
Central Residential Single-Family 
Grace Light-Industrial 

Nevada Light-Industrial 
Hoffman Residential Single-Family 
Havana Multifamily Residential 

 
 

g. If applicable, what is the current shoreline master program designation of the site?  
 

The Well Electric site has a shoreline designation of Urban Conservancy. It is within the shoreline buffer 

and shoreline jurisdiction.          
 
 

h. Has any part of the site been classified as a critical area by the city or the county? If so, specify.  
 

The Well Electric site is within the FEMA 100-year flood zone.            
 
 

 
i. Approximately how many people would reside or work in the completed project? 

No persons will reside in the completed project. Expected increase to staffing levels is approximately 

three full-time employees for the entire system (all sites).              
 

j. Approximately how many people would the completed project displace?  
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The project would not displace any people.                
 

 
 

k. Proposed measures to avoid or reduce displacement impacts, if any:  
 
There would be no displacement impacts.         

 
 

l. Proposed measures to ensure the proposal is compatible with existing and projected land uses and 

plans, if any:  

The project is compatible with existing and projected land uses and plans.  
 

 
m. Proposed measures to ensure the proposal is compatible with nearby agricultural and forest lands of 

long-term commercial significance, if any:  

No measures are proposed because there are no agricultural or forest lands of long-term commercial 

significance on or near the project.  

 

9. Housing 
 

a. Approximately how many units would be provided, if any? Indicate whether high, middle, or low- 

income housing.  

The proposed project would not construct any housing units.  
 

b. Approximately how many units, if any, would be eliminated? Indicate whether high-, middle- or low- 

income housing.  

The proposed project would not eliminate any housing units.  
 

c. Proposed measures to reduce or control housing impacts, if any:  
 

No measures are proposed because there would be no housing impacts.     
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10. Aesthetics 
 

a. What is the tallest height of any proposed structure(s), not including antennas; what is the principal 

exterior building material(s) proposed?  

The height of proposed buildings is listed in the below table. Exterior building material will match existing 

architectural details which are primarily brick and Concrete Masonry Units (CMU).   

Well Station 
Location Height Building Material 

Well Electric 21 Feet Basic/Industrial CMU 
Parkwater 21 Feet Basic/Industrial CMU 

Ray 20 Feet Align with neighborhood/existing style (CMU with brick) 
Central 21 Feet Align with neighborhood/existing style (CMU with brick) 
Grace 19 Feet Basic/Industrial CMU 

Nevada 19 Feet Building will be near Grace facility 
Hoffman 20 Feet Align with neighborhood/existing style (CMU with brick) 
Havana 20 Feet Match proposed well facility buildings (CMU) 

 
 

b. What views in the immediate vicinity would be altered or obstructed?  
No views would be altered or obstructed.         

 

 
c. Proposed measures to reduce or control aesthetic impacts, if any: 

 
If disturbed vegetation would be restored as required.        
 

 

11. Light and Glare 
 

a. What type of light or glare will the proposal produce? What time of day would it mainly occur? 
The proposal will have no glare sources. Temporary lighting may be needed during early morning, late 

afternoon, and evening for construction activities that require lighting for safety purposes. No permanent 

increase to light or glare will occur.         
  
 

b. Could light or glare from the finished project be a safety hazard or interfere with views? 
The completed project would not create light or glare.        

 
 
 

c. What existing off-site sources of light or glare may affect your proposal?  
 

There are no existing off-site sources of light and glare that would affect the proposal.   
 
 

d. Proposed measures to reduce or control light and glare impacts, if any:  
No measures are needed to reduce or control light and glare impacts because no impacts would occur. 

If any work takes place after-dark, portable lighting would be adjusted as feasible to minimize glare. 



Evaluation for 
Agency Use Only 

22 OF 32 

 

 

12. Recreation 
 

a. What designated and informal recreational opportunities are in the immediate vicinity?  
The project encompasses various sites, and sidewalks and streets near the sites allow for informal 

recreation such as walking, jogging, and cycling.  
 
 

b. Would the proposed project displace any existing recreational uses? If so, describe.  
 

The proposed work at all project sites would not permanently displace existing recreational uses. Project 

construction activities could result in short-term, temporary access restrictions or detours affecting 

vehicle, bike, and pedestrian routes/access.         
 
 

c. Proposed measures to reduce or control impacts on recreation, including recreation opportunities to 

be provided by the project or applicant, if any:  

The project may have short-term, temporary impacts to vehicle access and recreational activity due 

to temporary travel lane and/or street closures or detours at various project sites. Project notifications 

through website updates, emails, and mailings would provide affected residents with advance notice 

regarding temporary closures and detours.   
 

 
13. Historic and cultural preservation 

 
a. Are there any buildings, structures, or sites, located on or near the sited that are over 45 years old 

listed in or eligible for listing in national, state, or local preservation registers located on or near the 

site? If so, specifically describe.  

A review of the Washington State Department of Archeology and Historic Preservation (DAHP) secure 

electronic database known as the Washington Information System for Architectural and Archeological 

Data (WISAARD) was conducted by Plateau Archaeological Investigations. Based on the review, the 

Well Electric site, constructed between the years 1883 and 1886, is eligible under Criterion A due to its 

significance on a local/regional level. The Parkwater Well Station, constructed in 1950, meets the Criteria 

of both A and C. Constructed in 1938, the Ray Well Station meets Criterion C with respect to architecture. 

Grace Avenue Pumping Station, constructed in 1950, meets Criterion C with respect to architecture. 

Constructed in 1938, the Hoffman Well Station meets Criterion C with respect to architecture. Based on 

the review, there are a number of properties that are eligible for listing in national, state, or local 

preservation registers surrounding the sites.      
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b. Are there any landmarks, features, or other evidence of Indian or historic use or occupation? This 

may include human burials or old cemeteries. Are there any material evidence, artifacts, or areas of 

cultural importance on or near the site? Please list any professional studies conducted at the site to 

identify such resources.  

A review of previously recorded cultural resources and archaeological surveys was completed through 

the WISAARD, which indicates that there are several previously conducted cultural resource surveys 

within 1.0 mile of the project sites. None of these surveys intersect with any of the project areas. The 

DAHP’s predictive model places the project sites in a variety of different risk levels. The Central area of 

potential impact is placed in an area of “Moderate Risk” for encountering cultural resources, stating that 

“survey is Recommended” for this location. The Grace, Nevada, Havana, and Ray Well areas of potential 

impact are placed in an area of “High Risk” for encountering cultural resources, stating that “survey is 

Highly Advised” for this location. The Hoffman, Parkwater, and Well Electric, areas of potential impact 

are placed in an area of “Very High Risk” for encountering cultural resources, stating that “survey is 

Highly Advised” for this location. There are no known Native American cultural materials observed on 

any of the sites. However, due to its location on the Spokane River, the Well Electric site has the highest 

potential for cultural impacts if artifacts are found or impacted during construction. No Native American 

or historic-era cultural materials or features were observed.    
 

c. Describe the methods used to assess the potential impacts to cultural and historic resources on or 

near the project site. Examples include consultation with tribes and the department of archaeology 

and historic preservation, archaeological surveys, historic maps, GIS data, etc.  

Pre-field research included the review of known archaeological resources within a 1.0 mile (mi) (1.6 

kilometer [km]) radius of the project areas as inventoried at the DAHP in Olympia, Washington. This 

review was completed using DAHP’s secure electronic database known as WISAARD. This database 

includes recorded archaeological resources, historic property inventories (HPIs), properties and districts 

on the National Register of Historic Places (NRHP) and the Washington Heritage Register (WHR), 

identified cemeteries, and previously conducted cultural resource surveys found throughout the state. 

Plateau also conducted cartographic analysis of landform, topography, proximity to water using 

topographic maps, and the United States Department of Agriculture (USDA) online soil survey. 

Secondary historic resources, on file at the DAHP and the Plateau office, were consulted to identify other 

potential historic resources. Plateau archaeologists conducted a pedestrian survey at two locations and 

provided an inventory for seven historic buildings. Plateau recommends that the proposed undertaking 

will result in no historic properties affected, and no further archaeological investigations are 

recommended prior to, or during, execution of this project.     
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d. Proposed measures to avoid, minimize, or compensate for loss, changes to, and disturbance to 

resources. Please include plans for the above and any permits that may be required. 

Should ground-disturbing activities reveal any cultural materials (e.g., structural remains, European 

American artifacts, or Native American artifacts), activity will cease, and the Washington State Historic 

Preservation Officer should be notified immediately. In addition, an Unanticipated Discovery Plan 

(UDP) has been prepared by Plateau Archaeological Investigations for use during all ground-

disturbing work on the project.  

 

14. Transportation 
 

a. Identify public streets and highways serving the site or affected geographic area and describe 

proposed access to the existing street system. Show on site plans, if any.  

The project sites are served by a variety of roadways, including non-arterial roadways, principal arterials, 

and transit routes. Temporary street closures and detours may need to occur on roadways as project 

work is being completed at each site.           
 
 

b. Is site or affected geographic area currently served by public transit? If so, generally describe. If 

not, what is the approximate distance to the nearest transit stop  

The project sites have nearby stop locations that are served by Spokane Transit Authority bus service.  
 

c. How many additional parking spaces would the completed project or non-project proposal have? 

How many would the project or proposal eliminate?  
 

The completed project would neither create nor eliminate any parking spaces.      
 
 

d. Will the proposal require any new or improvements to existing roads, streets, pedestrian, bicycle, or 

state transportation facilities, not including driveways? If so, generally describe (indicate whether 

public or private).  

The only well station site that requires new or improvements to an existing street is Parkwater, where 

the existing cul-de-sac at the west end of East Rutter Avenue will be enlarged to the south for liquid 

delivery truck turn-around movements.          
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e. Will the project or proposal use (or occur in the immediate vicinity of) water, rail, or air 

transportation? If so, generally describe.  

The Well Electric site is in the immediate vicinity of air transportation and located next to Felts Field 

Municipal Airport.   
 
 

f. How many vehicular trips per day would be generated by the completed project or proposal? If known, 

indicate when peak volumes would occur and what percentage of the volume would be trucks (such 

as commercial and non-passenger vehicles). What data or transportation models were used to make 

these estimates?  

(Note: to assist in review and if known, indicate vehicle trips during PM peak, AM Peak, and 

Weekday (24 hours).) 

When the wells are operational, operators make one trip per day with a light duty work vehicle to check 

on systems and adjust as needed. A chemical delivery truck comes once every six weeks to refill the 

bulk storage tanks. All visits are expected to take place between the hours of 7 a.m. and 5 p.m. Monday 

through Friday. It should be noted that many of the sites are only used seasonally, and no trips would 

be made when those sites are closed.        

g. Will the proposal interfere with, affect, or be affected by the movement of agricultural and 

forest products on roads or streets in the area? If so, general describe.  

The proposal is not expected to interfere with, affect, or be affected by the movement of agricultural and 

forest products on roads or streets in the area.          
 
 

h. Proposed measures to reduce or control transportation impacts, if any:  
The project plans and specifications will require a Traffic Control Plan (TCP), which will include measures 

to address impacts related to any necessary project detours and lane restrictions. Advanced notice for 

construction delays will be provided with variable message signs and public notifications. The 

specifications will include Contractor provisions for advanced notifications of driveway impacts and 

impacts to public services in the immediate area. These potential impacts are expected to be short term 

in duration and transitory as construction moves along the project alignment.    
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15. Public services 
 

a. Would the project result in an increased need for public services (for example: fire protection, 

police protection, public transit, health care, schools, other)? If so, generally describe.  

The project would not result in an increased need for public services.      
 
 
 

b. Proposed measures to reduce or control direct impacts on public services, if any: 
 

Not applicable.             
 

 
 

16. Utilities 
 

a. Check utilities currently available at the site: 

X electricity 

☐ natural gas 

X water 

X refuse service 

X telephone 

X sanitary sewer 

☐ septic system 

Other:   
 
 

 

b. Describe the utilities that are proposed for the project, the utility providing the service, and the 

general construction activities on the site or in the immediate vicinity which might be needed:  

The City of Spokane is the water service provider. The proposed project, if the city decides to 

implement, will provide fluoridated water to the community through the municipal water supply and 

would continue to be owned, operated, and maintained by the city. No additional utilities will be 

installed or altered. 
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C. SIGNATURE 
 
 

I, the undersigned, swear under penalty of perjury that the above responses are made truthfully and to 

the best of my knowledge. I also understand that, should there be any willful misrepresentation or willful 

lack of full disclosure on my part, the agency must withdraw any determination of Nonsignificance that it 

might issue in reliance upon this checklist. 
 

Date:   Signature:   
 

Please Print or Type: 
 

Proponent: Katherine Miller  Address: 808 West Spokane Falls Boulevard  
 

Phone: 509.755.2489  Spokane, WA 99201  
 
 

Person completing form (if different from proponent): Dana Rivera, Parametrix  
 

Phone: 509-759-1312  Address: 835 Post Street, Suite 201, Spokane, WA 99201 
 

 

 
 

FOR STAFF USE ONLY 
 

Staff member(s) reviewing checklist:   
 
Based on this staff review of the environmental checklist and other pertinent information, the staff 
concludes that: 
 
☐ A. there are no probable significant adverse impacts and recommends a Determination of 

Nonsignificance. 
 
☐ B. probable significant adverse environmental impacts do exist for the current proposal and 

recommends a Mitigated Determination of Nonsignificance with conditions. 
 
☐ C. there are probable significant adverse environmental impacts and recommends a 

Determination of Significance. 
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D. SUPPLEMENTAL SHEET FOR NONPROJECT ACTIONS 
(Do not use this sheet for project actions) 

 
Because these questions are very general, it may be helpful to read them in conjunction with the list of 

elements of the environment. 

 
When answering these questions, be aware of the extent the proposal, or the types of activities likely to 

result from the proposal, would affect the item at a greater intensity or at a faster rate than if the proposal 

were not implemented. Respond briefly and in general terms. 

 
1. How would the proposal be likely to increase discharge to water; emissions to air; production, 

storage, or release of toxic or hazardous substances; or production of noise?  

This proposal is a non-project action and will not itself increase discharge to water; emissions to air; 

production, storage, or release of toxic or hazardous substances; or production of noise. If the study 

moves forward and become a project, the project has the potential for these effects. For example, 

chemicals will be stored, handled, and used on site in a location that may spill or leak to surface, 

groundwater, or a stormwater disposal system discharging to surface or groundwater. There is also a 

possibility for an overfeed of fluoride to the municipal water system, which would pose a hazard to water 

system users. Project sites that require construction may result in exhaust emissions, dust, and noise 

from construction equipment. Upon project completion, the use of FSA may cause an unpleasant acidic 

odor. The proposed project will be evaluated for potential impacts and corresponding mitigation 

measures would be put in place prior to implementation.    
 

Proposed measures to avoid or reduce such increases are: Proposed measures to avoid or reduce 

such incidences include spill control response aids, readily accessible wherever liquid additives are 

handled. In addition, numerous redundant design features and safety measures would be incorporated 

to prevent overfeed to the system. The increase in emissions from construction would be temporary and 

mitigation measures would be used to control the generation of dust (e.g., spraying water over disturbed 

soil areas during dry weather). Although there are residential uses within the project vicinity, the 

temporary increase in emissions is not expected to adversely impact air quality. Proper ventilation design 

of the facility can direct any odor from the use of FSA upwards. Since the fumes are lighter than air, they 

will rise and have a negligible effect on the local neighborhood. PPE will be utilized by operators to 

provide protection for eyes and skin.  
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2. How would the proposal be likely to affect plants, animals, fish, or marine life?   
This proposal is a non-project action and will not itself result in direct effects to plants, animals, fish, or 

marine life. The project, however, has the potential for these effects. The Well Electric site, due to its 

proximity to the Spokane River, has the potential to effect fish or marine life from a potential spill of FSA 

into surface waters during operation or delivery.   
 
 

Proposed measures to protect or conserve plants, animals, fish, or marine life are:   
Bulk chemical storage will be secured in a dedicated room. There will be a containment feature at the 

delivery hose building connection to catch potential transfer spills from the delivery truck to the storage 

tanks. Spill control absorbent pillows and dams will be used for initial containment, with follow-up action 

to neutralize the acid with lime or caustic soda. An epoxy undercoat and a urethane topcoat will be 

applied to manholes and polyurethane will be implemented to protect the concrete. Each well site will be 

evaluated for potential impacts to vegetation and wildlife and corresponding mitigation measures will be 

put into place prior to project implementation.      
 
 
 

3. How would the proposal be likely to deplete energy or natural resources?   
The proposal is unlikely to result in activities that would cause a greater depletion of energy or natural 

resources.             
 
 

Proposed measures to protect or conserve energy and natural resources are:   
Energy usage for this proposal will be small, as the dosing pumps are low horsepower. No 

conservation features beyond those required in the building code are included.

 Best management practices and procedures to protect or conserve energy and natural resources will 

be used in the design, construction, operations, and maintenance of the proposed project to the fullest 

extent possible.  

 

4. How would the proposal be likely to use or affect environmentally sensitive areas or areas designated 

(or eligible or under study) for governmental protection, such as parks, wilderness, wild and scenic 

rivers, threatened or endangered species habitat, historic or cultural sites, wetlands, flood plains or 

prime farmlands?   

As this is a non-project action, the proposal will not itself result in direct effects to environmentally 

sensitive areas or areas designated for governmental protection; however, there is the potential for the 

Well Electric site to impact the Bull Trout, which is listed as a threatened animal species. Additionally, 
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there are a number of well sites that are eligible for inclusion in the National Register of Historic Places.

              
 
 

Proposed measures to protect such resources or to avoid or reduce impacts are:   
The proposal, for each well site, will be reviewed and addressed on an individual basis for impacts to 

environmentally sensitive areas and areas designated for government protection by permitting agencies 

prior to project implementation.  
  
 

5. How would the proposal be likely to affect land and shoreline use, including whether it would allow 

or encourage land or shoreline uses incompatible with existing plans?   

As this is a non-project action, the proposal will not itself affect land and shoreline use. If the proposal 

moves forward, the Well Electric site will require a shoreline permit as it is within the Urban Conservancy 

shoreline zone. The proposal would not encourage incompatible land uses.    
      

 
 

Proposed measures to avoid or reduce shoreline and land use impacts are:   
The Well Electric site will be reviewed by the appropriate permitting agencies and will secure necessary 

permits prior to project implementation.  
  
 

6. How would the proposal be likely to increase demands on transportation or public services and 

utilities?  

The proposal is not likely to increase demands on transportation, public services, or utilities. There is 

potential for the proposal to temporarily increase demands on transportation during construction. 

Temporary street closures and detours may need to occur on roadways as project work is being 

completed at each site. These potential impacts are expected to be short term in duration and 

transitory as construction progresses across sites.  
 
 

Proposed measures to reduce or respond to such demand(s) are:   
The project plans and specifications will require a Traffic Control Plan (TCP), which will include measures 

to address impacts related to any necessary project detours and lane restrictions. Advanced notice for 

construction delays will be provided with variable message signs and public notifications. Each project 

site will be evaluated for impacts on transportation, public services, and utilities prior to implementation 

and proper mitigative measures will be employed as necessary.  
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7. Identify, if possible, whether the proposal may conflict with local, state, or federal laws or 

requirements for the protection of the environment.   

As a non-project action, the proposal does not conflict with any known local, state, or federal 

environmental laws or requirements. Specific project actions that may follow from this proposal would 

be subject to additional environmental reviews and will be evaluated for adherence to environmental 

laws or requirements prior to project implementation.  
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E. SIGNATURE 
 

I, the undersigned, swear under penalty of perjury that the above responses are made truthfully and to 

the best of my knowledge. I also understand that, should there be any willful misrepresentation or willful 

lack of full disclosure on my part, the agency must withdraw any determination of Nonsignificance that it 

might issue in reliance upon this checklist. 
 

Date:   Signature:   
 

Please Print or Type: 
 

Proponent: Katherine Miller  Address: 808 West Spokane Falls Boulevard  
 

Phone: 509.755.2489  Spokane, WA 99201  
 
 

Person completing form (if different from proponent): Dana Rivera, Parametrix  
 

Phone: 509-759-1312  Address: 835 Post Street, Suite 201, Spokane, WA 99201 
 
 
 
 

FOR STAFF USE ONLY 

Staff member(s) reviewing checklist:   

Based on this staff review of the environmental checklist and other pertinent 
information, the staff concludes that: 

 
A. ☐ there are no probable significant adverse impacts and recommends a Determination of 

Nonsignificance. 
 

B. ☐ probable significant adverse impacts do exist for the current proposal and recommends a 
Mitigated Determination of Nonsignificance with conditions. 

 
C. ☐ there are probable significant adverse environmental impacts and recommends a 

Determination of Significance. 
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EXECUTIVE SUMMARY 

Fluoridation Implementation Multi-Objective Decision Analysis 

 

A Multi-Objective Decision Analysis (MODA), developed by Parametrix was conducted for the City of Spokane 
(City). The MODA is composed of an Alternatives Analysis (conducted by Consor), Total Cost of Ownership (TCO), 
performance evaluation, and alternative value assessment. Performance criteria were developed and weighted in 
a May 2022 MODA Criteria Workshop, the TCO analysis was prepared by Parametrix in October 2022, and lastly, a 
MODA Workshop facilitated by Parametrix and Consor occurred in November 2022. This Executive Summary 
provides an overview of the analysis and key findings as well as a brief description of the preferred fluoridation 
alternative. 

PROJECT DESCRIPTION 

The City is conducting a preliminary engineering study to understand all the elements needed to implement 
fluoridation if the City chooses to move forward. Previously, the design team at Consor and Parametrix provided a 
Fluoridation System Alternatives report that assessed three alternatives to fluoridate the water system and 
suggested two preferred chemical alternatives for further evaluation. The first alternative is a Liquid option using 
fluorosilicic acid (FSA), and the second is a Dry option using sodium fluoride (NaF).  

The Parametrix and Consor teams co-facilitated an evaluation of the two final alternatives using the MODA 
process to select the technically preferred alternative. The preferred alternative was selected based on the City’s 
long-term goals of balancing sustainability, social responsibility, and affordability (City’s Triple Bottom Line). 

ANALYSIS OBJECTIVES 

The MODA is used to assist the City of Spokane in determining a preferred alternative between the Liquid and Dry 
options, considering several factors for each option, such as impacts to the environment, safety, service reliability, 
maintenance, and operations. A life cycle cost analysis was also completed, which was also used to inform an 
analysis of the TCO as presented later in this memorandum. Alternative costs include the initial capital costs and 
subsequent life cycle costs, including annual maintenance and operations costs, power and chemical costs, and 
subsequent replacement costs, across a 50-year life cycle. Salvage values were also taken into account. The data 
were calculated over the 50-year life cycle and discounted to 2022 dollars for evaluation. This type of cost analysis 
was not intended to understand exact costs but rather to provide information to the City in terms of the relative 
cost of each option and, more importantly, how they compare with each other. 

The MODA takes into consideration a set of weighted performance criteria that were developed as a part of the 
initial phases of the study during a May 2022 workshop. The six criteria measure different impacts to the 
environment, neighborhoods, both public and worker safety, service reliability, and ease of maintenance and 
operations. City water operations personnel were brought together as a technical team to participate in the 
MODA process to conduct evaluations and score these criteria. The MODA model determines a calculated 
consensus score, which is performance-based in the application of the ratings from all participants, and an 
alternative value score, which is a function of performance relative to alternative cost. The alternative cost, 
performance, and value scores were used to develop and inform the selection of the preferred alternative.  
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Performance Criteria 

The six performance criteria were weighted during the May 2022 workshop as follows: 

• Environmental and Sustainability Impacts (Weighting: 8%) 

• Neighborhood Impacts (Weighting: 12%) 

• Safety – Public (Weighting: 25%) 

• Safety – Worker (Weighting: 25%) 

• Service Reliability (Weighting: 15%) 

• Ease of Maintenance and Operations (Weighting: 15%) 

Fluoridation Alternatives Analysis Results 

The results from the MODA process identified the Liquid option, FSA, as the preferred alternative. It yielded the 
better scores for both performance and cost, scoring 5.2 and 5.7, respectively. This resulted in a value index score 
of 1.2, which is 39% higher when compared with the Dry alternative’s score of 0.9. For a deeper explanation of 
the scoring system, methodology, and general formula used, refer to the Value of Alternatives section at the end 
of the Fluoridation Implementation Multi-Objective Decision Analysis Technical Memorandum. 

Table ES-1 displays a summary of performance; TCO, which includes initial capital costs and subsequent operating 
costs over a 50-year life cycle; and value scores. Costs in Figure ES-1 below are adjusted to real 2022 dollars (i.e., 
they are adjusted for inflation and escalation and discounted over the 50-year period to represent 2022 dollars).  

Table ES-1. Option Rankings  

Option 
TCO (USD) 

50-Year Life Cycle 
Performance 

Score Cost Score Value Index % Change 

Fluorosilicic Acid – Liquid $204,289,000 5.2 5.7 1.2 38.5% 

Sodium Fluoride – Dry $264,126,000 4.9 4.3 0.9  

 

 

Figure ES-1. Option Ratings 
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The Liquid alternative is projected to be the lower cost option over a 50-year period, resulting in a better cost 
score. Annual operating costs were taken into consideration and include maintenance, operation of equipment, 
power, and chemical costs. Other one-time and periodic costs factored in were initial capital, engineering, capital 
and equipment replacement, and operating contingency. Salvage value of equipment was also considered.  

The Dry alternative’s initial capital costs are about $2 million higher. These initial capital costs also drive other 
costs throughout the life cycle, including engineering, maintenance, and equipment replacement. The price of the 
chemicals used in the fluoridation process is the most significant source of the life cycle cost differences, with the 
Dry alternative chemicals costing about $37 million more than Liquid over the 50-year period, which makes up 
62% of the cost difference between each alternative. When considering the total cost of ownership of each 
fluoridation alternative, the Dry alternative costs $60 million more to own and operate over the 50-year life cycle 
(in real 2022 dollars). 

The Liquid alternative also had a higher performance score. Both alternatives scored similarly except for two 
criteria: Service Reliability (6.4 compared with 5.2) and Ease of Maintenance and Operations (3.6 compared with 
2.8). Given its better scores in both performance and cost, the Liquid alternative received a higher value index 
score, resulting in the recommendation that the Fluorosilicic Acid (Liquid) is the technically preferred alternative 
for fluoridation implementation if the City chooses to implement fluoridation. 
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TECHNICAL MEMORANDUM 

DATE: January 12, 2023 

TO: City of Spokane 

FROM: Consor 
Mike Morse, PE, Project Manager, Parametrix 
Greg Brink, PMP, PMI-RMP, PMI-PBA, CCEA, CVS, Director of Strategic Advisory Services, 
Parametrix 

SUBJECT: Fluoridation Implementation Multi-Objective Decision Analysis 

CC:   

PROJECT NUMBER: 376 4109 001 

PROJECT NAME: Fluoridation Alternatives Analysis 
  

PROJECT BACKGROUND 

The City of Spokane (City) is conducting a preliminary engineering study to understand all the elements needed to 
implement fluoridation if the City chooses to move forward. A technical team made up of water operators and 
other Water Department staff was created at the beginning of the study to help in the assessment. Initial work 
during this study by the design team at Consor and Parametrix, utilizing the technical team, provided a 
Fluoridation System Alternatives Technical Memorandum, which assessed three different alternatives to 
fluoridate the water system and suggested two preferred chemical alternatives for further evaluation. The 
purpose of this technical memorandum is to document the decision process that has resulted in a final 
recommendation between the two remaining options. The first alternative is a Liquid option using fluorosilicic 
acid (FSA), and the second is a Dry option using sodium fluoride (NaF). Detailed information and comparisons of 
the two alternatives can be found in the aforementioned Consor Fluoridation System Alternatives Technical 
Memorandum. 

The Parametrix and Consor teams co-facilitated an evaluation of the two final alternatives using an objective and 
transparent Multi-Objective Decision Analysis (MODA) process to select the technically preferred alternative. The 
MODA process included a May 2022 workshop to select performance criteria for the alternatives, which were also 
weighted; an October 2022 Total Cost of Ownership (TCO) analysis prepared by Parametrix; and finally a 
November 2022 MODA Workshop with the technical team facilitated by Parametrix and Consor. The MODA 
Workshop was held to assign performance ratings to each alternative by applying the performance criteria to 
each of them and then to calculate alternative value scores based on performance ratings and alternative costs. 
The Parametrix team facilitated a collaborative discussion of each alternative’s overall value centered around the 
calculated scores, which helped select a technically preferred alternative for fluoridating the water system.  

This technical memorandum provides an overview of the MODA process and details the steps and considerations 
taken to arrive at the technically preferred alternative, which include measuring performance using a set of 
performance criteria applied to both alternatives and then determining the relative value of each alternative 
compared with each other. The relative value of each alternative was determined using a TCO analysis and 
modeled over a 50-year life cycle period. 
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MULTI-OBJECTIVE DECISION ANALYSIS OVERVIEW 

MODA is a process for making decisions involving multiple performance criteria and multidisciplinary 
stakeholders/decision makers. Participants in the process evaluated each proposed alternative of a project by 
weighting different performance criteria according to the needs and goals of the project and analyzing the 
tradeoffs each presents in relation to criteria selected. The process also facilitated a thorough discussion among 
all the technical team members. This allowed individuals to explain and justify their scoring of alternatives to the 
team based on their perspective, experience, and expertise. The MODA tool determines a calculated consensus 
that factors in ratings from all participants rather than forcing a group to reach negotiated consensus agreements. 
This approach allowed for many perspectives to be factored into a quantitative score.  

The Parametrix team evaluated each alternative’s cost and performance as well as value as a function of 
performance relative to cost. The Parametrix team evaluated the cost component by performing a TCO and Life 
Cycle Cost Analysis (LCCA) using data from the concept-level cost estimates provided by Consor. Performance was 
evaluated by applying weighted criteria to each alternative to calculate a performance score. Measuring 
performance was a multistep process that started with developing performance criteria and weighting those 
criteria relative to one another in a May 2022 MODA Criteria Workshop with the project team. In the November 
2022 workshop, the project team and the technical team returned for a follow-up to score each alternative based 
on the criteria. Alternative value was determined during the November 2022 MODA Workshop by using a value 
formula that is a function of performance relative to cost. The value formula, which is shown below and described 
in more depth in the Value of Alternatives section of this technical memorandum, uses the performance score 
and the cost score derived from the TCO. After the value of each alternative was determined, group discussion 
was facilitated within the technical team regarding the conclusions.  

In the following sections of this memorandum, each primary step of the MODA process will be described in 
further detail along with the process for determining the technically preferred alternative. 

COST OF ALTERNATIVES 

The cost of each alternative was measured using a TCO model that employs an LCCA. Parametrix prepared the 
TCO model based on the two remaining options for providing fluoridation of the City’s water supply. The analysis 
of both the Liquid and Dry options included the initial construction costs, subsequent operations and 
maintenance, energy usage, chemical usage, replacement costs, and salvage benefits of the replaced equipment. 
The TCO considers costs across a 50-year life cycle and discounts these costs to 2022 dollars for ease of 
evaluation. All costs are preliminary (i.e., conceptual in nature) and developed for comparison of the alternatives 
and are reported in real dollars, meaning they are adjusted for inflation and escalation and discounted over the 
50-year period to represent 2022 dollars. This means that future costs for both options were normalized to 
present value (PV) as a part of this process. The Parametrix team utilized the Association for the Advancement of 
Cost Engineering (AACE) International best practices, using Class 5 estimates with accuracy ranges of -30% on the 
low side and +50% on the high side.  

The summary table and figure in the TCO Analysis Results section includes the initial and subsequent life cycle 
costs for the two options. These costs are based on P70 values from the uncertainty analysis for the initial and 
subsequent life cycle costs (i.e., a 30% chance of exceedance). P70 refers to there being a 70% probability that the 
costs are at or below the projected costs and a 30% probability of exceeding them based on the results of Monte 
Carlo analysis; it is an industry standard probability level for an LCCA. 
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Methodology 
A TCO model or an LCCA is an economic method of project evaluation in which all costs arising from constructing, 
owning, operating, and maintaining, as well as subsequent replacement, of project elements are considered. 
LCCA is well suited to the economic evaluation of design options that satisfy the project requirements but may 
have differing investment, operating, maintenance, or repair costs, and possibly different life spans. It is 
particularly relevant to the evaluation of investments where high initial costs are traded for reduced future cost 
obligations (though that was not found to be the case it this analysis where the Liquid option has lower initial and 
subsequent costs). LCCA is one method alongside engineering, permitting, and performance criteria in the 
selection of a technically preferred alternative.  

A probabilistic model is used to provide insight into the range of possible life cycle costs over a 50-year service 
life. The analysis is completed using a Monte Carlo simulation that allows for each uncertain element of the LCCA 
model to be observed probabilistically as opposed to deterministically. The model was simulated 10,000 times, 
and the statistics of each iteration were compiled to produce the range of anticipated outcomes. Each variable 
has been evaluated and the three-point range estimate identified for each variable, including the low, high, and 
most probable values. Each range identified was utilized to develop a probabilistic triangular distribution.  

Basis of Life Cycle Cost Analysis 

The TCO model was prepared for the project, with consideration of all initial capital costs, operations and 
maintenance costs, capital and equipment replacement costs, salvage value, and contingency costs. The model 
uses these factors to support the selection of a technically preferred alternative through economic evaluation. 
The TCO was prepared to reflect Parametrix’s best understanding of the scope required, as provided by Consor. 

Discount and Escalation Rates 

The TCO normalizes costs of future periods to the PV to determine the PV of future cash flows. Therefore, the 
analysis applies a discounted cash flow methodology incorporating two discount rates, as provided by Consor. The 
base discount rates provided were then ranged based on historic data and forecasted economic analysis and 
applied in the PV calculations.  

Periods Base Discount Rate 

1 through 20 5% 

21 through 50 3% 

Escalation rates were also provided and utilized in the analysis. These rates were applied on a compounding basis 
starting in Period 1. The most likely value of the rates varied depending on the period and are as outlined below: 

Periods Base Escalation Rate 

1 12.5% 

2 12% 

3 8% 

4 through 20 5% 

21 through 50 3% 
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Basis of TCO Analysis 

All conceptual cost estimates, including the initial capital costs, operations and maintenance costs, equipment 
replacement costs, contingency costs, and salvage value information, were obtained from the Fluoridation System 
Alternatives – 2022.09.08 document and associated spreadsheet provided by Consor. This document contained 
both the data and project context that were utilized in the TCO’s assumptions and overall development. 

Assumptions 

Key assumptions made in the analysis: 

• Sites evaluated include Well Electric, Parkwater, Ray, Central Avenue, Grace/Nevada, Hoffman, and 
Havana. 

• The Grace and Nevada sites are in one building. 

• For the Dry option, Well Electric and Parkwater, the cheaper building cost of the two was applied. This 
capital cost is $191,000 (building 635 square feet @ $3,000/square feet). 

• Consor’s construction cost estimate is in dollars valued at the time of the estimate (September 19, 2022). 

• Chemical costs are based on the average operating day from 2019 through 2021. 

• Engineering occurs in the year 2023 (Period 1) and is 10% of the initial capital costs (sum of the capital 
costs in 2023 and 2024). 

• Construction will begin in 2024/2025 (Periods 2 and 3). Therefore, initial capital costs are split, with 50% 
being allocated to 2024 and 50% to 2025. These costs are then escalated to the respective years. 

• Annual operating costs begin in 2026 (Period 4). 

TCO Analysis Results 

Based on the summary analysis of the two options, the Liquid option has lower initial capital and engineering 
costs as well as lower subsequent life cycle costs than the Dry option over a 50-year life cycle based on the P70 
values (see Table CA-1 and Figure 1). 

Table CA-1. Total Cost of Ownership 
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Figure 1. Example Lift Station Asset Type Criticality Formula 

Key differences between the Liquid and Dry options are outlined below: 

Initial Capital Costs – Costs for construction of the fluoridation facilities and site improvements: The Dry option 
requires additional infrastructure that the Liquid option does not, such as storage warehouse space for the 
chemicals and water softeners, which drives up the cost. 

Liquid Option Dry Option 

$13.05 million $14.90 million 

Engineering Costs – Costs for design and engineering of the project: This is a percentage of initial capital costs, so 
the option with higher capital costs will have higher engineering costs as well. In this case, the Dry option has 
higher costs.  

Liquid Option Dry Option 

$1.41 million $1.61 million 

Subsequent Costs (Total) – Costs for subsequent operations (labor, utilities, and chemicals), maintenance, and 
periodic capital and equipment replacement: The Dry option’s chemical costs for NaF are significantly higher than 
the Liquid’s FSA. Additionally, the capital replacement is naturally higher for the Dry option, as its capital and 
equipment that must be replaced are higher than the Liquid option. 

Liquid Option Dry Option 

$192.97 million $251.97 million 
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Net Present Value – Total costs over the 50-year life cycle in 2022 dollars: The Liquid option has the lowest net 
costs across all cost categories and thus has a lower net present value (NPV) over its entire life cycle. 

Liquid Option Dry Option 

$204.29 million $264.13 million 

The NPV of initial and subsequent costs for the two options are using the 70% confidence interval from the Monte 
Carlo Analysis (described in the Methodology subsection). Both options share similar assumptions, and the largest 
sources of uncertainty in both estimates are the escalation and discount rates. The Dry option uniquely sees high 
levels of uncertainty in the chemical costs of NaF. 

Equivalent Annual Cost Analysis Results 

Equivalent annual cost (EAC) is the annual cost of owning, operating, and maintaining an asset over its entire life; 
it excludes the initial capital and engineering costs. EAC is often used by utilities for capital budgeting decisions, as 
it allows the agency to compare the cost-effectiveness of various assets over their usable lifespans. Essentially, 
the EAC is derived by taking the NPV of the TCO of the asset divided by the present value of an annuity factor, 
which takes into account the initial capital investment and associated operating/maintenance costs, the discount 
rate, and the usable life of the asset to normalize costs into an average annualized amount. 

Table CA-2. Equivalent Annual Cost 

 

The EAC for the Liquid option is $9.18 million, and $11.99 million for the Dry option. These EACs are inclusive of 
inflation and expressed in 2022 dollars (see Table CA-2 above). That said, in standard years of operation, the 
annual operating costs are as low as approximately $3 million and $4 million, respectively. The average EAC is 
increased by years in which there are major rehabilitative cycles, when costs can be as high as $61 million and 
$74 million, respectively (in nominal dollars – i.e., not adjusted for inflation). Given these wide disparities in 
annual operating costs over the entire life of the project, the EAC gives an idea of how much money should be 
budgeted each year over the project and asset’s usable life to account for this.  

Key differences in the EAC between the Liquid and Dry options are outlined below: 

Maintenance, Capital and Equipment Replacement, and Salvage – These costs represent the annual maintenance 
of the capital and equipment in each facility, the periodic replacement of capital and equipment as they age, and 
the salvage value that is recouped after equipment is replaced. These three cost inputs are derived as a 
percentage of the option’s initial capital costs, so the option with the higher initial capital costs will have higher 

Option 1 Option 2

Life Cycle Period (Years) 50 Liquid (FSA) Dry (NaF)

Maintenance 1,327,000$                       1,515,000$                       

Operation of Equipment 2,321,000$                       2,420,000$                       

Power 42,000$                             42,000$                             

Chemical 2,516,000$                       4,273,000$                       

Capital and Equipment Replacement 1,167,000$                       1,340,000$                       

Operating Contingency 1,842,000$                       2,435,000$                       

Salvage (35,000)$                           (40,000)$                           

9,180,000$                       11,985,000$                    

Note: Costs are inclusive of 

price escalation throughout 

life cycle, and does not 

include initial costs (Capital 

and Engineering)

Net Equivalent Annual Cost in $2022

Note: Above costs are based on P70 values from Uncertainty Analysis

Equivalent Annual Cost (EAC)
EAC in $2022 (P70)
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costs in these categories. In this case the Dry option has higher costs (note that salvage has a higher absolute 
value, as it is a negative cost). 

 Liquid Option Dry Option 

Maintenance $1.33 million $1.52 million 

Replacements $1.17 million $1.34 million 

Salvage $(35,000) $(40,000) 

Chemical – Costs for the chemicals used in the fluoridation process, FSA for Liquid and NaF for Dry. The Dry 
option’s chemical costs for NaF are significantly higher than the Liquid’s FSA, which accounts for the most 
significant annual cost difference between the two options.  

Liquid Option Dry Option 

$2.52 million $4.27 million 

Operating Contingency – A reserve of extra funds to cover any unforeseen operating expenses or rise in operating 
cost inputs. The operating contingency at this stage in the project development is set to 30% of the total of 
regular annual operating costs, which includes maintenance, operation of equipment, power, and chemical costs. 
Generally, both options have similar costs for operation of equipment and power, but as described above, both 
the maintenance and chemical costs are higher for the Dry option. That difference drives the contingency higher 
for the Dry option as well, given that contingency is derived as a percentage of those costs. 

Liquid Option Dry Option 

$1.84 million $2.44 million 

The primary limitations of EAC analysis are the fact that it relies on an estimated discount rate and averages costs 
over time. As pointed out, there can be wide variances in capital expenditures, considering normal operations 
relative to periods in which more substantial rehabilitative investments must be made to assets to keep them 
beneficially in use and operating. As such, it’s always important to remember to combine EAC analysis with other 
capital budgeting tools, such as TCO and MODA, to make sure that the City decision makers understand the full 
picture regarding the investments being compared. 

PERFORMANCE OF ALTERNATIVES 

The performance of each alternative is measured by nonfinancial criteria representing the functional performance 
considerations that were developed during the May 2022 MODA Criteria Workshop. Six criteria were developed 
and included in the analysis, including Environmental and Sustainability Impacts, Neighborhood Impacts, Safety – 
Public, Safety – Worker, Service Reliability, and Ease of Maintenance and Operations. These criteria are measured 
on a 0 to 10 scale, from unacceptable performance to ideal performance, and weighted by relative importance to 
the project’s needs and purpose.  

During the November 2022 MODA Workshop, the criteria were applied to both fluoridation alternatives to 
provide average performance measurement scores. This process will be described further later in this section. 
Below are the detailed descriptions of each criterion and their measurements. 
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Environmental and Sustainability Impacts 

A relative measure of the impacts to the natural environment, such as those to critical areas or the aquifer, 
including those attributed to the supply chain (such as carbon emissions from transporting chemicals), in the 
immediate vicinity of the facilities or the broader region (see Table PA-1). Includes impact on the City of Spokane’s 
sustainability goals.  

Weighting: 8% 

Table PA-1. Environmental and Sustainability Impacts Scales 

Rating Label Description 

0 Unacceptable Impacts The environmental impacts are extreme, and the project does not 
comply with state and/or federal environmental laws. 

2 Irreversible Impacts Significant irreversible adverse impacts, such as destroying a 
wetland or impact to the aquifer, OR would require a full 
environmental impact statement. 

4 Major Impacts Major impacts to the natural environment OR significant 
remediation efforts required. 

6 Significant Reversible Impacts Significant reversible impacts to the natural environment, OR any 
remediation efforts required, OR significant impacts to the City’s 
sustainability goals. 

8 Minor Reversible Impacts Minor short-term reversible impacts to the natural environment, 
with no remediation required, OR minor impacts to the City’s 
sustainability goals.  

10 Ideal Environmental and 
Sustainability Impacts 

It is anticipated that there will be no negative impacts to the natural 
environment AND no impact on the City’s sustainability goals. 

Neighborhood Impacts 

A relative measure of the impacts to the built environment in the immediate neighborhood, including cultural, 
aesthetic, historical preservation, and livability impacts, such as those related to increased traffic, noise, air 
quality, and odors (see Table PA-2). This includes temporary impacts during construction.  

Weighting: 12% 

Table PA-2. Neighborhood Impacts Scales 

Rating Label Description 

0 Unacceptable Noticeable/
Lasting Disruption 

The degree of noticeable and lasting disruption to the 
neighborhood is so significant; OR results in considerable 
persistent increased traffic, noise, air quality, or odors during 
operations; OR introduces additional environmental inequity in an 
area with historical inequities beyond any degree of acceptability. 

2 High Likelihood of Noticeable/
Lasting Disruption 

There is a high likelihood of noticeable and lasting disruption to the 
neighborhood, such as damage to or destruction of a historic or 
culturally significant building; OR persistent increased traffic, noise, 
air quality, or odors during operations; OR would introduce 
significant additional environmental inequity in an area with 
historical inequities.  
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Rating Label Description 

4 Minor Likelihood of 
Uncorrectable Disruption 

There is a minor likelihood of uncorrectable disruption to the 
neighborhood, such as damage to a historic or culturally significant 
building; OR significant short-term traffic, noise, air quality, or 
odors OR minor but persistent increased traffic, noise, air quality, 
or odors during operations; OR would introduce minor additional 
environmental inequity in an area with historical inequities. 

6 Moderately Likely Fully 
Correctable Disruption 

There is a moderate likelihood of correctable disruption to the 
neighborhood, such as damage to a historic or culturally significant 
building; OR moderate short-term traffic, noise, air quality, or 
odors; OR periodic (such as monthly) increased traffic, noise, air 
quality, or odors during facility operations. 

8 Highly Likely Fully Correctable 
Disruption 

There is high likelihood of fully correctable disruption to the 
neighborhood, such as minor damage to a historic or culturally 
significant building; OR minor short-term livability impacts, such as 
traffic, noise, air quality, and odors, limited to the construction 
phase. 

10 Ideal Neighborhood Impacts It is anticipated that there will be no negative impacts to the built 
environment during construction or long-term operations. 

Safety – Public 

A relative measure of potential public safety hazards in the immediate neighborhood as well as the broader 
region, including those related to increased truck traffic. These evaluation criteria do not include health impacts 
associated with consumption of fluoridated water; however, they do include hazards during construction (see 
Table PA-3). 

Weighting: 25% 

Table PA-3. Safety – Public Scales 

Rating Label Description 

0 Unacceptable Safety Impacts 
to Public 

The impacts to public safety, such as a significant fire, major 
chemical spill, or traffic incident, are beyond acceptable in degree 
of likelihood; OR semi-sized truck trips in a residential area far 
exceed one per week on average during facility operations.  

2 Incident(s) Impacts Several 
Members of Public and Truck 
Trips in Residential Area 
Exceed One per Week 

High likelihood of impacts to public safety, such as a significant fire, 
major chemical spill, or traffic incident, impacting many members 
of the community; OR semi-sized truck trips in a residential area 
exceeding one per week on average during facility operations.  

4 Incident Impacts Several 
Members of Public and Truck 
Trips in Residential Area 
Exceed One per Month 

Likelihood of a public safety incident, such as a fire, chemical spill, 
or traffic incident, impacting several members of the community; 
OR semi-sized truck trips in a residential area exceeding one per 
month on average during facility operations. 



TECHNICAL MEMORANDUM (CONTINUED) 

 

City of Spokane 10 376 4109 001 
Fluoridation Implementation Multi-Objective Decision Analysis  January 12, 2023  

Rating Label Description 

6 Incident Impacts 1-2 Members 
of Public 

Likelihood of a public safety incident during construction and/or 
operations, such as a fire, chemical spill, or traffic incident, that 
would cause impact to one or two members of the public with 
non-permanent and non-life-threatening injuries.  

8 Safety Precautions Required Safety precautions will need to be put in place during construction 
and/or operations and there is a likelihood of a near miss or minor 
public safety incident such as a minor fire, chemical spill, or traffic 
incident. 

10 Ideal Public Safety It is anticipated that there will be no public safety hazards 
introduced during construction or long-term operations. 

Safety – Worker 
A relative measure of potential worker safety hazards, including chemical loading/unloading, exposure to 
chemicals, and other safety hazards, such as slips, trips, falls, and confined space entry, during facility operations 
and maintenance (see Table PA-4). Includes hazards during construction. 

Weighting: 25% 

Table PA-4. Safety – Worker Scales 

Rating Label Description 

0 Unacceptable Safety Impacts 
to Workers 

The degree of workplace safety risk is unacceptably high, with 
significant possibility of multiple deaths, OR major life-changing 
injuries. 

2 Possible Impacts Resulting in 
Death or Major Impacts to 
Workers 

There is the possibility of worker safety impacts, including one or 
more death(s) OR major life-changing injuries. 

4 Possible Workplace Injury 
Incurring Permanent Disability 

There is the possibility of a workplace safety incident causing a 
permanent disability. 

6 Possible Significant Workplace 
Injury  

There is the possibility of a significant workplace injury but that can 
be healed or cured OR any injury requiring up to 30 days off work. 

8 Possible Workplace Injury with 
No Lost Time 

There is the possibility of a workplace injury but with no lost time. 

10 Ideal Worker Safety It is anticipated that there will be no worker safety hazards 
introduced during construction or long-term operations. 

Service Reliability 
A relative measure of the ability to achieve desired reliability of the fluoridation system, including resiliency in 
extreme conditions. This includes considerations of overfeeding (which may require public notice due to 
termination of fluoridation) and the ability of the system to consistently achieve regulatory requirements, both 
near and long term (see Table PA-5). This measure also considers outcomes at the customer tap.  

Weighting: 15% 
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Table PA-5. Service Reliability Scales 

Rating Label Description 

0 Unacceptable Service 
Reliability 

The degree of extended outages for the customers is frequent and 
unacceptable in terms of service reliability. 

2 Extended Outages (> 1 time 
per year) 

There are extended outages for large groups of customers likely 
once a year (or more). 

4 Likely Service Outages (> 1 
time per year) OR Extended 
Outages to a Small Number of 
Customers (< 1 time per year) 

Service outages likely for a small number of customers more than 
once a year OR extended outages for small or large groups of 
customers less than once a year. 

6 Likely Service Outages to a 
Small Number of Customers 
(< 1 time per year) 

Service outages are likely but limited to a small number of 
customers for short periods of time and less than once per year. 

8 Good Service Reliability at 
Start-Up but Uncertain in 
Future 

Service reliability is easily achieved upon initiation of operations, 
but future reliability is not certain.  

10 Ideal Service Reliability It is anticipated that reliability of the fluoridation system will be 
easily achieved with certainty upon initiation of operations as well 
as into the future. 

Ease of Maintenance and Operations 
A measure of the relative ease of maintenance and operational activities, including training, certifications, 
equipment needed, frequency of visits to the sites, and renewal and rehabilitation needs (see Table PA-6).  

Note: This measure does not include cost, which will be included in the life cycle cost estimate. In addition, this 
measure does and not include worker safety, which is considered in the Safety – Worker criterion.  

Weighting: 15% 

Table PA-6. Ease of Maintenance and Operations Scales 

Rating Label Description 

0 Unacceptable Change in 
Maintenance and Operations 

The relative degree of maintenance and operations will require 
changes so substantial that they are unacceptable relative to the 
current maintenance and operations profile.  

2 Significant Change in 
Maintenance and Operations 

The relative degree of maintenance and operations will require 
additional staff with qualifications not currently available among 
staff, OR will require regular site visits more than once a day, OR 
major equipment will need renewal within 2 years or less.  

4 Considerable Change in 
Maintenance and Operations 

The relative degree of maintenance and operations will require 
additional staff, OR certifications or annual training for current 
staff, OR will require regular site visits more than twice a week, OR 
major equipment will need renewal within about 2 to 5 years. 

6 Moderate Change in 
Maintenance and Operations 

The relative degree of maintenance and operations will require new 
processes or technology tools for which training will be required OR 
will require regular site visits about once every 2 weeks. 
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Rating Label Description 

8 Minor Change in Maintenance 
and Operations 

The relative degree of maintenance and operations will require 
new processes or technology tools but no new staff or any 
significant new training OR will require regular site visits about 
once a month.  

10 No Change in Maintenance and 
Operations 

The relative degree of maintenance and operations will not be 
significantly different from prior to the fluoridation system 
installation. 

Performance Criteria Prioritization 

The performance criteria of a project are rarely of equal importance. Therefore, the relative importance of each 
criterion in meeting the project’s need and purpose must be determined. During the May 2022 Criteria 
Workshop, participants were asked to systematically compare the criteria’s importance against each other while 
considering which would provide the greatest benefit relative to the project’s need and purpose. Participants of 
that workshop were asked to indicate their priorities and the relative intensities of their preferences. Figure 2 
below provides the final weightings of the six criteria described in this section. 

 
Figure 2. Performance Criteria Prioritization 

The weightings heavily favor safety, making up a total of 50% of the total weightings, followed by operating-
related criteria and then neighborhood, environmental, and sustainability impacts. 

Measuring Performance 

The project team worked with the technical team to apply the criteria to both fluoridation alternatives during the 
November 2022 MODA Workshop. Participants of the workshop were asked to consider each criterion and their 
measurements and then apply a 0 to 10 score to both the Liquid and Dry fluoridation alternatives based on the 
criteria definitions and evaluation scales presented in the previous section. Detailed information about each 
alternative was provided beforehand, and there were opportunities for clarification by the project team during 
the process. At the end, each participant’s rankings were consolidated into an average performance rating for 
each criterion. Below are final performance ratings for each criterion and alternative as well as a summary of the 
rationale for the ratings. 

8%

12%

15%

15%

25%

25%

0% 5% 10% 15% 20% 25% 30%

Environmental & Sustainability Impacts

Neighborhood Impacts

Ease of Maintenance & Operations

Service Reliability

Safety - Public

Safety - Worker

Performance Criteria Prioritization



TECHNICAL MEMORANDUM (CONTINUED) 

 

City of Spokane 13 376 4109 001 
Fluoridation Implementation Multi-Objective Decision Analysis  January 12, 2023  

Environmental and Sustainability Impacts 

Liquid Rating Dry Rating 

5.6 5.7 

Rationale – In the event of a spill, there is more impact with the Liquid versus the Dry. In addition, the Liquid could 
potentially contaminate an aquifer. In the event of a spill of Dry material, there could be a plume of the Dry 
compound. In terms of sustainability, the material deliveries (either Liquid or Dry) will result in increased 
greenhouse gases and emissions due to transport from outside the region. There is a relatively higher carbon 
footprint for the Dry material. The amount of material that is produced, treated, and used by the end user is 
relatively low for either material in terms of consumptive use. 

Neighborhood Impacts 

Liquid Rating Dry Rating 

5.3 4.7 

Rationale – There is less overall traffic in the neighborhoods for the Liquid material relative to the Dry material. 
Note that increased traffic also increases the risk of spills of material. Additionally, some locations where the 
fluoride dosing occurs are recreational areas where the City should be aware of safety considerations and 
possible odors. Additionally, the Dry alternative requires a taller building to accommodate storage. 

Safety – Public 

Liquid Rating Dry Rating 

5.6 5.8 

Rationale – The two materials are relatively similar. The primary considerations weighing into the safety of the 
public could consider vehicle traffic (more traffic with Dry versus Liquid). There is a higher potential for spills with 
the Liquid material versus the Dry material; however, the Dry material could spread in the wind. It is anticipated 
that any impacts would be non-permanent and non-life-threatening injuries. 

Safety – Worker  

Liquid Rating Dry Rating 

5.0 5.0 

Rationale – The discussion centered around the two alternatives having distinct yet equivalent worker safety 
components. Both options require some level of personal protective equipment, with Dry requiring a lower level 
of protection than Liquid. The Dry chemical requires that staff wear a respirator, while Liquid requires splash 
protection, which is considered more burdensome. The Dry option requires more chemical handling and higher 
risk of exposure. Dry calls for smaller containment but comes with forklift safety considerations. Both alternatives 
were scored equally, with a 5.0, when weighing each alternative’s unique safety considerations. 
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Service Reliability 

Liquid Rating Dry Rating 

6.4 5.2 

Rationale – There are fewer components with Liquid material. With Dry material, there could be caking and plugging 
of components. In addition, the Dry material requires more product, so there could be logistical/supply chain 
challenges. The Liquid is also easier to maintain a steadier concentration, primarily because it comes premixed. 

Ease of Maintenance and Operations 

Liquid Rating Dry Rating 

3.6 2.8 

Rationale – There is less overall maintenance required with the Liquid; it requires a daily site visit, but 
maintenance efforts are easier. The Dry powder has more overall maintenance; it requires fewer visits but more 
challenging staff efforts during each visit. There is the potential for corrosion to the equipment in the event of a 
leak of the Liquid material. It is noted that either option results in a significant change for maintenance and 
operations across the board. However, the additional handling of material for the Dry compound drives a higher 
maintenance and operational demand than for the Liquid compound. 

Weighted Performance Rating 

Following the Liquid and Dry alternatives being rated across each criterion, a weighted performance rating can be 
calculated for each alternative. Each criterion’s rating is multiplied by its weight, and all those products are added 
together to calculate the final weighted performance rating. A higher performance rating indicates better 
performance based on the criteria. Below are the results. 

Liquid Rating Dry Rating 

5.2 4.9 

The Liquid alternative performed better than the Dry alternative according to the group ratings. Through further 
group discussions, this consensus held true, as noted in the above rating rationales. The Service Reliability and 
Ease of Maintenance and Operations criteria, which had medium weightings, were the largest drivers on the final 
scoring. Liquid rated higher on both by 1.2 and 0.8, respectively, with a combined weighting of 30% between 
them both. The two Safety criteria, which accounted for 50% of the weighting, were not large sources of 
difference between the two alternatives. They rated very closely to each other, with a score difference of 0.2 for 
Safety – Public in favor of Dry. Safety – Worker received scores of 5.0 for both alternatives. 

VALUE OF ALTERNATIVES 

Value metrics techniques are utilized to calculate a value index score for each alternative, which is used as a final 
measurement of relative value of alternatives and determine a Technically Preferred Alternative. The relative 
value of each alternative is derived from the cost and performance scores calculated in the previous sections. The 
basic value equation used in this analysis is: 

𝑉𝑎𝑙𝑢𝑒 =  
𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒

𝐶𝑜𝑠𝑡′
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Performance is measured by the weighted performance rating that was calculated out of the MODA Workshop. 
Cost is measured using the NPV costs from the previously performed TCO analysis. A cost score is calculated 
adding the two alternatives’ costs together, dividing each alternative’s cost by that total, multiplying by 10, and 
then subtracting that total from 10. The value index score is then calculated using the above value equation, with 
the alternative’s performance score divided by the complement of the cost score (for example, the value score for 
Liquid is equal to its performance score divided by the difference of 10 minus its cost score). A summary of the 
performance, cost, and value scores is in Table VA-1 below: 

Table VA-1. Option Rankings 

Option 
TCO (USD) 

50-Year Life Cycle 
Performance 

Score Cost Score Value Index % Change 

Fluorosilicic Acid – Liquid $204,289,000 5.2 5.7 1.2 38.5% 

Sodium Fluoride – Dry $264,126,000 4.9 4.3 0.9  

The Liquid option achieved a better score for both performance and cost, with 5.2 and 5.7, respectively. 
Conversely, the Dry option had a worse score for both performance and cost, with 4.9 and 4.3, respectively. As 
such, the Liquid option also came out on top with a higher value index of 1.2, compared with 0.9 for Dry. That 
gives the Liquid option a 38.5% higher value score than the Dry option. Figure 3 below further illustrates the 
comparison in value between both fluoridation options.  

 

Figure 3. Option Rankings 

Technically Preferred Alternative 

With the value index score being calculated and compared between alternatives, the technically preferred 
alternative can be determined.  

The Liquid alternative using fluorosilicic acid is projected to be the lower cost option for the City over a 50-year 
time period, which earns it a better cost score. The differential in the upfront initial capital costs to further 
develop, engineer, and build the project is close to $2 million higher for the Dry alternative in 2022 dollars, which 
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is not significant relative to the entire 50-year life cycle of the project and the associated TCO, as the initial costs 
account for only about 6% of the TCO for each alternative. Several subsequent life cycle costs, including 
engineering, maintenance, and equipment replacement, are all indexed to the initial project cost. Engineering and 
maintenance costs are both derived as a percentage of initial capital costs, being 10% and 2%, respectively. 
Equipment replacement costs are the same as the initial capital costs, escalated to the year in which the 
replacement occurs. As such, the higher initial capital costs for the Dry alternative will lead to higher subsequent 
costs for these items, though these items account for only a small share of the overall difference in life cycle 
costs. The largest driver of the life cycle cost differences is the price of the chemicals used, with Dry NaF costing 
close to $37 million more than Liquid FSA over the 50-year period of analysis in 2022 dollars, which accounts for 
62% of the differential in TCO between the two alternatives. 

The Liquid alternative also has a better performance score than the Dry alternative using a set of mutually derived 
criteria meeting the project’s needs and purpose. The two alternatives rate similarly in terms of safety to both 
workers and the public, which makes up 50% of the weighted performance score. However, Liquid performs 
significantly better than Dry on Service Reliability (6.4 with to 5.2) and Ease of Maintenance and Operations 
criteria (3.6 compared with 2.8). Given that the Liquid alternative earned a better cost and performance score, 
the Liquid alternative also achieved a higher value index score, resulting in the recommendation that the 
fluorosilicic acid (Liquid) is the technically preferred alternative for fluoridation implementation if the City chooses 
to move forward. 

 



 

Total Cost of Ownership 



Project Name: Preliminary Engineering Study for Fluoridation Date: 11/15/2022

Description: Options for Fluoridating drinking water supply Ben Crawley

Location: Spokane, Washington Royce Stewart

Option 1 Option 2

Life Cycle Period (Years) 50 Liquid (FSA) Dry (NaF)

Initial Capital 14,872,000$   16,943,000$  

Engineering 1,487,000$   1,694,000$  

Operating and Maintenance 354,981,000$   472,364,000$  

Capital and Equipment Replacement 71,609,000$   81,643,000$  

Operating Contingency 106,494,000$   141,709,000$  

Salvage (2,298,000)$   (2,641,000)$  

Net Costs 543,729,000$   707,845,000$  

202,812,000$                   264,024,000$                  

Option 1 Option 2

Life Cycle Period (Years) 50 Liquid (FSA) Dry (NaF)

Operating and Maintenance 6,098,000$   8,117,000$  

Capital and Equipment Replacement 1,169,000$   1,334,000$  

Operating Contingency 1,829,000$   2,435,000$  

Salvage (35,000)$   (41,000)$  

9,061,000$   11,846,000$  

Fluoridation Total Cost of Ownership Model

City of Spokane

Summary

Life Cycle Cost Estimate

Note: Costs are in nominal 

dollars

Net Present Value in $2022 (NPV)

Estimators:

Total Cost of Ownership (P70)

Note: Above costs are based on P70 values from Uncertainty Analysis

Equivalent Annual Cost (EAC) in $2022 (P70)

Net Equivalent Annual Cost in $2022

City of Spokane 1 3764109001 
12/6/2022



Distributions

Estimate Low 70%

Estimate Medium 100%

Estimate High 150%

Time

Starting Period 0

Start Year 2022

Number of Periods (Years) 50

Construction will begin in 2024/2025 (Periods 2 and 3). Therefore, initial capital costs are split, with 50% being allocated to 2024, and 50% to 2025. These costs are then escalated to the respective years.

Engineering occurs in the year 2023 (Period 1) and is 10% of the initial capital costs (sum of the capital costs in 2023 and 2024).

BBU costs for dry include refill feeder, weigh feeder, model 810 BBU, saturator, volumetric feeder, control panel.

 Annual operaƟng costs begin in 2026 (Period 4).

City of Spokane
Fluoridation Total Cost of Ownership Model
Assumptions

Notes

Residual values are under the assumption that assets will continue to be used after the 50 year LLCA periods.

Operating costs start the year after construction is complete.

Chemical costs are based on the average operating day from 2019‐2021.

Each site's maintenance costs are 2% of its subtotal capital costs, escalated to the current year's dollars.

The Grace/Nevada sites are in one building.

This estimate is an opinion of probable cost based on information available at the time of its development.

Murray Smith's construction cost estimate is in dollars valued at the time of the estimate (09/19/2022). 

For both dry and liquid, Central Ave is the only site that requires demolition of the existing building.

General information was taken from "Fluoridation System Alternatives TM‐09‐08‐22.docx".

Cost Data was taken from "Alternatives Estimate_11082022_PostCityReview.xlsx".

Escalation rate is applied to capital, operating, and replacement costs.

For Dry Well Electric and Parkwater, the cheaper building cost of the two was applied. This capital cost is $190,500.00 (building 635 SF @ 300)

City of Spokane 2 3764109001 
12/6/2022



Variable Minimum Most Likely Maximum Probabilistic

Engineering Costs 10%

Discount Rate (First 20 periods) 3.5% 5.0% 7.5% 5.43%

Discount Rate (Last 30 periods) 2.1% 3.0% 4.5% 3.26%

Escalation Period 1 8.8% 12.5% 18.8% 13.57%

Escalation Period 2 8.4% 12.0% 18.0% 13.03%

Escalation Period 3 5.6% 8.0% 12.0% 8.69%

Escalation Periods 4 to 20 3.5% 5.0% 7.5% 5.43%

Escalation Periods 21 to 50 2.1% 3.0% 4.5% 3.26%

Maintence (% of Capital Costs) 1% 2% 3% 2.17%

Replacement Schedule (Liquid)

Electrical Equipment 7 10 15 10.86

PLC MicroLogic 1400 7 10 15 10.86

Metering Pump Skid 14 20 30 21.72

Bulk Storage Tank 14 20 30 21.72

Day Storage Tank 14 20 30 21.72

Roll up Door 14 20 30 21.72

Man Door 14 20 30 21.72

Fluoride Analyzer 7 10 15 10.86

Backflow Preventer 14 20 30 21.72

Transfer Pump Skid 14 20 30 21.72

Secondary Containment 0 0 0 0.00

Building 915 sf @ $300 0 0 0 0.00

Site Improvements 14 20 30 21.72

Replacement Schedule (Dry)

Electrical Panel 7 10 15 10.86

PLC MicroLogic 1400 7 10 15 10.86

Metering Pump Skid 14 20 30 21.72

Backflow Preventer 14 20 30 21.72

Man Door 14 20 30 21.72

Roll up Door 14 20 30 21.72

Fluoride Analyzer 7 10 15 10.86

BBU 14 20 30 21.72

Saturator Basement 0 0 0 0.00

Building 635 sf @ $300 0 0 0 0.00

Site Improvements 14 20 30 21.72

Operations and Maintenance

Labor Cost Per Hour 49.00$       70.00$          105.00$     76.02$              

Staff Hours Per Year (Liquid) 4421.2 6316 9474 6858.97

Staff Hours Per Year (Dry) 4634 6620 9930 7189.10

Power Costs

Cost per kWh 0.07$         0.10$            0.15$         0.11$                

Total Energy per Year (Liquid)

Well Electric 7886 11265 16898 12233.42

Parkwater 10141 14487 21731 15732.41

Ray 7414 10591 15887 11501.48

Central Ave 7414 10591 15887 11501.48

Grace 7414 10591 15887 11501.48

Nevada 8071 11530 17295 12521.21

Hoffman 7252 10360 15540 11250.62

Havana 9388 13411 20117 14563.91

Total Energy per Year (Dry)

Well Electric 8181 11687 17531 12691.70

Parkwater 10514 15020 22530 16311.23

Ray 7493 10704 16056 11624.20

Central Ave 7474 10677 16016 11594.87

Grace 7486 10694 16041 11613.34

Nevada 8152 11645 17468 12646.09

Hoffman 7214 10306 15459 11191.98

Havana 9561 13659 20489 14833.23

Chemical Costs (per lb)

FSA (Liquid) 0.39$         0.45$            0.50$         0.45$                

Sodium Fluoride (Dry) 1.54$         1.92$            2.30$         1.92$                

Usage per Month (Liquid)

Well Electric 200149 285926 428890 310506.88

Parkwater 251752 359645 539468 390563.19

Ray 71864 102663 153995 111488.79

Central Ave 63249 90356 135534 98124.03

Grace 63243 90347 135520 98113.40

Nevada 78759 112512 168768 122184.61

Hoffman 33322 47603 71405 51695.60

Havana 86924 124177 186266 134852.64

Usage per Month (Dry)

Well Electric 78162 111660 167490 121259.05

Parkwater 98314 140449 210673 152522.62

Ray 28064 40092 60138 43538.57

Central Ave 24700 35286 52929 38319.37

Grace 24697 35282 52923 38315.21

Nevada 30757 43938 65907 47715.50

Hoffman 13013 18590 27885 20188.15

Havana 33946 48494 72741 52662.61

Years

Escalation 

Life Cycle Cost Estimate Assumptions and Uncertainty Ranges

Operating Costs

City of Spokane 3 3764109001 
12/6/2022



Contingency

30%

Electrical Equipment 71,000.00$   71,000.00$                 71,000.00$                 71,000.00$                 71,000.00$                 71,000.00$                 71,000.00$                 497,000.00$              149,100.00$              646,100.00$              452,270.00$              969,150.00$              701,644.00$             

PLC MicroLogic 1400 45,000.00$   45,000.00$                 45,000.00$                 45,000.00$                 45,000.00$                 45,000.00$                 45,000.00$                 315,000.00$              94,500.00$                 409,500.00$              286,650.00$              614,250.00$              444,704.00$             

Metering Pump Skid 360,000.00$   480,000.00$               120,000.00$               120,000.00$               360,000.00$               120,000.00$               360,000.00$               1,920,000.00$           576,000.00$              2,496,000.00$           1,747,200.00$           3,744,000.00$           2,710,575.00$          

Bulk Storage Tank 30,000.00$   30,000.00$                 30,000.00$                 30,000.00$                 30,000.00$                 30,000.00$                 30,000.00$                 210,000.00$              63,000.00$                 273,000.00$              191,100.00$              409,500.00$              296,470.00$             

Day Storage Tank 20,000.00$   20,000.00$                 20,000.00$                 20,000.00$                 20,000.00$                 20,000.00$                 20,000.00$                 140,000.00$              42,000.00$                 182,000.00$              127,400.00$              273,000.00$              197,647.00$             

Roll up Door 10,000.00$   10,000.00$                 10,000.00$                 10,000.00$                 10,000.00$                 10,000.00$                 10,000.00$                 70,000.00$                 21,000.00$                 91,000.00$                 63,700.00$                 136,500.00$              98,824.00$                

Man Door 8,000.00$   8,000.00$   8,000.00$   8,000.00$   8,000.00$   8,000.00$   8,000.00$   56,000.00$                 16,800.00$                 72,800.00$                 50,960.00$                 109,200.00$              79,059.00$                

Fluoride Analyzer 20,000.00$   20,000.00$                 20,000.00$                 20,000.00$                 20,000.00$                 20,000.00$                 20,000.00$                 140,000.00$              42,000.00$                 182,000.00$              127,400.00$              273,000.00$              197,647.00$             

Backflow Preventer 6,000.00$   6,000.00$   6,000.00$   6,000.00$   6,000.00$   6,000.00$   6,000.00$   42,000.00$                 12,600.00$                 54,600.00$                 38,220.00$                 81,900.00$                 59,294.00$                

Transfer Pump Skid 30,000.00$   30,000.00$                 30,000.00$                 30,000.00$                 30,000.00$                 30,000.00$                 30,000.00$                 210,000.00$              63,000.00$                 273,000.00$              191,100.00$              409,500.00$              296,470.00$             

Secondary Containment 50,000.00$   50,000.00$                 50,000.00$                 50,000.00$                 50,000.00$                 50,000.00$                 50,000.00$                 350,000.00$              105,000.00$              455,000.00$              318,500.00$              682,500.00$              494,116.00$             

Building SF 194,100.00$   274,500.00$               291,600.00$               440,800.00$               194,100.00$               291,600.00$               366,000.00$               2,052,700.00$           615,810.00$              2,668,510.00$           1,867,957.00$           4,002,765.00$           2,897,916.00$          

Demo Existing Building ‐$   ‐$   ‐$   20,000.00$                 ‐$   ‐$   ‐$   20,000.00$                 6,000.00$                   26,000.00$                 18,200.00$                 39,000.00$                 28,236.00$                

Site Improvements 250,000.00$   250,000.00$               150,000.00$               150,000.00$               250,000.00$               150,000.00$               150,000.00$               1,350,000.00$           405,000.00$              1,755,000.00$           1,228,500.00$           2,632,500.00$           1,905,873.00$          

Subtotal Capital Cost 1,094,100.00$   1,294,500.00$           851,600.00$               1,020,800.00$           1,094,100.00$           851,600.00$               1,166,000.00$           7,372,700.00$          

Contingency (30%) 328,230.00$   388,350.00$               255,480.00$               306,240.00$               328,230.00$               255,480.00$               349,800.00$               2,211,810.00$          

Total Capital Costs 1,422,330.00$   1,682,850.00$           1,107,080.00$           1,327,040.00$           1,422,330.00$           1,107,080.00$           1,515,800.00$           9,584,510.00$           9,584,510.00$           6,709,157.00$           14,376,765.00$         10,408,475.00$        

Operating of Equipment $74,486.19 $74,486.19 $74,486.19 $74,486.19 $74,486.19 $74,486.19 $74,486.19 521,403.33$             

Energy $1,328.51 $1,708.49 $1,249.02 $1,249.02 $1,261.17 $1,221.78 $1,581.59 9,599.59$                  

Chemical $138,175.56 $173,800.62 $49,612.51 $43,665.20 $98,032.61 $23,004.54 $60,009.43 586,300.47$             

Component Minimum Most Likely Maximum Probabilistic Minimum Most Likely Maximum Probabilistic

Electrical Equipment 7 10 15 11 4% 5% 8% 5.43%

PLC MicroLogic 1400 7 10 15 11

Metering Pump Skid 14 20 30 22

Bulk Storage Tank 14 20 30 22

Day Storage Tank 14 20 30 22

Roll up Door 14 20 30 22

Man Door 14 20 30 22

Fluoride Analyzer 7 10 15 11

Backflow Preventer 14 20 30 22

Transfer Pump Skid 14 20 30 22

Secondary Containment 0 0 0 0

Building 915 sf @ $300 0 0 0 0

Site Improvements 14 20 30 22

Liquid Operating Costs (Concept Level Costs, 2022 Dollars)

Hoffman

Description Well Electric Parkwater Ray Central Ave Grace/Nevada Hoffman Havana

Salvage Rate

Percent

Description Well Electric Parkwater Ray Central Ave Grace/Nevada

Years

Replacement Schedule 

Havana Total

Total Capital Costs 

(Minimum)

Total Capital Costs 

(Maximum)

Total Capital Costs 

(Probabilistic)

City of Spokane
Fluoridation Total Cost of Ownership Model

Liquid Data Input

Total Capital Costs 

(Most Likely)
Subtotal

Liquid Capital Costs (Concept Level Costs, 2022 Dollars)

City of Spokane 4 3764109001 
12/6/2022



City of Spokane

Life Cycle Period 50 Engineering Initial Capital Costs
Capital and Equipment 

Replacement
Contingency Salvage Values

Period Year Escalation (Construction) Total Engineering Total Capital Maintenance Operation of Equipment Power Chemical Total Replacement
Operating 

Contingency
Total Salvage Net Costs

Net Present Value 

(NPV)

Operating and 

Maintenance

Capital 

Replacement

Operating 

Contingency
Salvage

0 2022 0.00% ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ` ‐$   ‐$   ‐$   ‐$  

1 2023 13.57% 1,394,232.32$              ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   1,394,232.32$          1,322,426.70$                ‐$   ‐$   ‐$   ‐$  

2 2024 28.38% ‐$   6,680,949.85$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   6,680,949.85$          6,010,507.43$                ‐$   ‐$   ‐$   ‐$  

3 2025 39.53% ‐$   7,261,373.40$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   7,261,373.40$          6,196,238.98$                ‐$   ‐$   ‐$   ‐$  

4 2026 47.10% ‐$   ‐$   445,458.41$              767,006.43$   14,121.41$           862,472.86$              ‐$   626,717.73$           ‐$   2,715,776.83$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

5 2027 55.09% ‐$   ‐$   469,646.08$              808,653.63$   14,888.17$           909,303.73$              ‐$   660,747.48$           ‐$   2,863,239.10$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

6 2028 63.51% ‐$   ‐$   495,147.10$              852,562.21$   15,696.58$           958,677.45$              ‐$   696,625.00$           ‐$   3,018,708.33$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

7 2029 72.39% ‐$   ‐$   522,032.78$              898,854.95$   16,548.88$           1,010,732.07$          ‐$   734,450.60$           ‐$   3,182,619.28$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

8 2030 81.75% ‐$   ‐$   550,378.31$              947,661.31$   17,447.45$           1,065,613.18$          ‐$   774,330.08$           ‐$   3,355,430.33$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

9 2031 91.62% ‐$   ‐$   580,262.96$              999,117.78$   18,394.82$           1,123,474.25$          ‐$   816,374.94$           ‐$   3,537,624.75$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

10 2032 102.03% ‐$   ‐$   611,770.29$              1,053,368.25$   19,393.63$           1,184,477.07$          ‐$   860,702.77$           ‐$   3,729,712.02$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

11 2033 113.00% ‐$   ‐$   644,988.42$              1,110,564.43$   20,446.67$           1,248,792.25$          ‐$   907,437.53$           ‐$   3,932,229.32$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

12 2034 124.56% ‐$   ‐$   680,010.25$              1,170,866.28$   21,556.89$           1,316,599.64$          ‐$   956,709.92$           ‐$   4,145,742.98$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

13 2035 136.75% ‐$   ‐$   716,933.70$              1,234,442.41$   22,727.40$           1,388,088.86$          ‐$   1,008,657.71$        ‐$   4,370,850.08$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

14 2036 149.61% ‐$   ‐$   755,862.03$              1,301,470.63$   23,961.46$           1,463,459.83$          2,010,740.00$   1,063,426.18$        (109,179.91)$          6,509,740.22$          3,105,089.64$                1,690,816.90$        959,105.55$          507,245.07$          (52,077.87)$          

15 2037 163.16% ‐$   ‐$   796,904.11$              1,372,138.37$   25,262.53$           1,542,923.32$          ‐$   1,121,168.50$        ‐$   4,858,396.82$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

16 2038 177.45% ‐$   ‐$   840,174.71$              1,446,643.25$   26,634.24$           1,626,701.54$          ‐$   1,182,046.12$        ‐$   5,122,199.87$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

17 2039 192.52% ‐$   ‐$   885,794.83$              1,525,193.62$   28,080.44$           1,715,028.79$          ‐$   1,246,229.31$        ‐$   5,400,326.99$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

18 2040 208.40% ‐$   ‐$   933,892.05$              1,608,009.16$   29,605.16$           1,808,152.07$          ‐$   1,313,897.53$        ‐$   5,693,555.97$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

19 2041 225.15% ‐$   ‐$   984,600.87$              1,695,321.44$   31,212.67$           1,906,331.79$          ‐$   1,385,240.03$        ‐$   6,002,706.80$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

20 2042 242.80% ‐$   ‐$   1,038,063.10$          1,787,374.64$   32,907.47$           2,009,842.50$          ‐$   1,460,456.31$        ‐$   6,328,644.02$          2,198,061.97$                1,690,816.90$        ‐$   507,245.07$          ‐$  

21 2043 253.97% ‐$   ‐$   1,071,882.18$          1,845,605.56$   33,979.56$           2,075,321.21$          ‐$   1,508,036.55$        ‐$   6,534,825.07$          3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

22 2044 265.50% ‐$   ‐$   1,106,803.06$          1,905,733.59$   35,086.58$           2,142,933.15$          ‐$   1,557,166.91$        ‐$   6,747,723.30$          3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

23 2045 277.41% ‐$   ‐$   1,142,861.62$          1,967,820.53$   36,229.67$           2,212,747.82$          ‐$   1,607,897.89$        ‐$   6,967,557.54$          3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

24 2046 289.70% ‐$   ‐$   1,180,094.94$          2,031,930.21$   37,410.00$           2,284,836.99$          ‐$   1,660,281.64$        ‐$   7,194,553.77$          3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

25 2047 302.40% ‐$   ‐$   1,218,541.28$          2,098,128.51$   38,628.78$           2,359,274.75$          20,833,516.92$   1,714,371.99$        (1,131,226.10)$       27,131,236.13$        12,172,705.48$              2,563,901.53$        9,347,169.60$       769,170.46$          (507,536.11)$        

26 2048 315.51% ‐$   ‐$   1,258,240.16$          2,166,483.49$   39,887.27$           2,436,137.62$          ‐$   1,770,224.56$        ‐$   7,670,973.10$          3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

27 2049 329.05% ‐$   ‐$   1,299,232.40$          2,237,065.41$   41,186.76$           2,515,504.61$          ‐$   1,827,896.75$        ‐$   7,920,885.92$          3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

28 2050 343.02% ‐$   ‐$   1,341,560.12$          2,309,946.82$   42,528.58$           2,597,457.29$          ‐$   1,887,447.84$        ‐$   8,178,940.66$          3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

29 2051 357.46% ‐$   ‐$   1,385,266.84$          2,385,202.63$   43,914.12$           2,682,079.92$          ‐$   1,948,939.05$        ‐$   8,445,402.57$          3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

30 2052 372.36% ‐$   ‐$   1,430,397.49$          2,462,910.21$   45,344.80$           2,769,459.46$          ‐$   2,012,433.59$        ‐$   8,720,545.54$          3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

31 2053 387.75% ‐$   ‐$   1,476,998.44$          2,543,149.42$   46,822.09$           2,859,685.75$          ‐$   2,077,996.71$        ‐$   9,004,652.41$          3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

32 2054 403.64% ‐$   ‐$   1,525,117.61$          2,626,002.74$   48,347.51$           2,952,851.52$          ‐$   2,145,695.82$        ‐$   9,298,015.20$          3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

33 2055 420.05% ‐$   ‐$   1,574,804.45$          2,711,555.35$   49,922.62$           3,049,052.55$          ‐$   2,215,600.49$        ‐$   9,600,935.47$          3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

34 2056 436.99% ‐$   ‐$   1,626,110.05$          2,799,895.18$   51,549.05$           3,148,387.70$          ‐$   2,287,782.59$        ‐$   9,913,724.58$          3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

35 2057 454.49% ‐$   ‐$   1,679,087.13$          2,891,113.03$   53,228.47$           3,250,959.10$          ‐$   2,362,316.32$        ‐$   10,236,704.05$        3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

36 2058 472.55% ‐$   ‐$   1,733,790.15$          2,985,302.68$   54,962.60$           3,356,872.18$          6,351,068.70$   2,439,278.28$        (344,852.70)$          16,576,421.88$        5,226,994.45$                2,563,901.53$        2,002,663.85$       769,170.46$          (108,741.39)$        

37 2059 491.20% ‐$   ‐$   1,790,275.34$          3,082,560.93$   56,753.23$           3,466,235.80$          ‐$   2,518,747.59$        ‐$   10,914,572.88$        3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

38 2060 510.47% ‐$   ‐$   1,848,600.76$          3,182,987.75$   58,602.19$           3,579,162.38$          ‐$   2,600,805.93$        ‐$   11,270,159.02$        3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

39 2061 530.35% ‐$   ‐$   1,908,826.37$          3,286,686.39$   60,511.40$           3,695,768.00$          ‐$   2,685,537.65$        ‐$   11,637,329.81$        3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

40 2062 550.89% ‐$   ‐$   1,971,014.07$          3,393,763.43$   62,482.80$           3,816,172.52$          ‐$   2,773,029.84$        ‐$   12,016,462.66$        3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

41 2063 572.10% ‐$   ‐$   2,035,227.79$          3,504,328.93$   64,518.43$           3,940,499.69$          ‐$   2,863,372.45$        ‐$   12,407,947.29$        3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

42 2064 593.99% ‐$   ‐$   2,101,533.53$          3,618,496.55$   66,620.37$           4,068,877.33$          ‐$   2,956,658.33$        ‐$   12,812,186.11$        3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

43 2065 616.60% ‐$   ‐$   2,169,999.44$          3,736,383.63$   68,790.80$           4,201,437.39$          ‐$   3,052,983.38$        ‐$   13,229,594.63$        3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

44 2066 639.95% ‐$   ‐$   2,240,695.90$          3,858,111.37$   71,031.94$           4,338,316.12$          ‐$   3,152,446.60$        ‐$   13,660,601.92$        3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

45 2067 664.05% ‐$   ‐$   2,313,695.59$          3,983,804.87$   73,346.09$           4,479,654.22$          ‐$   3,255,150.23$        ‐$   14,105,651.01$        3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

46 2068 688.95% ‐$   ‐$   2,389,073.53$          4,113,593.35$   75,735.63$           4,625,596.99$          ‐$   3,361,199.85$        ‐$   14,565,199.36$        3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

47 2069 714.65% ‐$   ‐$   2,466,907.22$          4,247,610.21$   78,203.03$           4,776,294.43$          49,234,955.56$   3,470,704.46$        (2,673,378.04)$       61,601,296.87$        13,651,954.05$              2,563,901.53$        10,911,350.65$     769,170.46$          (592,468.60)$        

48 2070 741.19% ‐$   ‐$   2,547,276.65$          4,385,993.20$   80,750.81$           4,931,901.44$          ‐$   3,583,776.63$        ‐$   15,529,698.73$        3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

49 2071 768.60% ‐$   ‐$   2,630,264.44$          4,528,884.58$   83,381.59$           5,092,577.98$          ‐$   3,700,532.58$        ‐$   16,035,641.16$        3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

50 2072 796.89% ‐$   ‐$   2,715,955.89$          4,676,431.23$   86,098.08$           5,258,489.20$          ‐$   3,821,092.32$        ‐$   16,558,066.71$        3,333,071.99$                2,563,901.53$        ‐$   769,170.46$          ‐$  

Total 1,394,232.32$              13,942,323.25$                   65,132,054.44$        112,146,730.53$                  2,064,740.73$     126,105,216.31$      78,430,281.17$   91,634,622.60$     (4,258,636.75)$      486,591,564.61$      172,847,852.06$            105,660,933.29$    23,220,289.65$     31,698,279.99$     (1,260,823.98)$    

Annual Operating Costs 305,448,742.01$     

Net Present Value (NPV)

(Liquid) Fluoridation Total Cost of 

Ownership Model

Annual Operating Costs LCCA Cost (2022 Dollars)

City of Spokane 5 3764109001 
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Contingency

30%

Electrical Panel 71,000.00$                 55,000.00$                 55,000.00$                 71,000.00$                 71,000.00$                 55,000.00$                 55,000.00$                 433,000.00$               129,900.00$               562,900.00$               394,030.00$               844,350.00$               611,292.00$              

PLC MicroLogic 1400 45,000.00$                 45,000.00$                 45,000.00$                 45,000.00$                 45,000.00$                 45,000.00$                 45,000.00$                 315,000.00$               94,500.00$                 409,500.00$               286,650.00$               614,250.00$               444,704.00$              

Metering Pump Skid (2‐8 pumps per facility) 360,000.00$               480,000.00$               120,000.00$               120,000.00$               360,000.00$               120,000.00$               360,000.00$               1,920,000.00$           576,000.00$               2,496,000.00$           1,747,200.00$           3,744,000.00$           2,710,575.00$          

Backflow Preventer 6,000.00$   6,000.00$   6,000.00$   6,000.00$   6,000.00$   6,000.00$   6,000.00$   42,000.00$                 12,600.00$                 54,600.00$                 38,220.00$                 81,900.00$                 59,294.00$                

Man Door 8,000.00$   8,000.00$   8,000.00$   8,000.00$   8,000.00$   8,000.00$   8,000.00$   56,000.00$                 16,800.00$                 72,800.00$                 50,960.00$                 109,200.00$               79,059.00$                

Roll up Door 10,000.00$                 10,000.00$                 10,000.00$                 10,000.00$                 10,000.00$                 10,000.00$                 10,000.00$                 70,000.00$                 21,000.00$                 91,000.00$                 63,700.00$                 136,500.00$               98,824.00$                

Fluoride Analyzer 20,000.00$                 20,000.00$                 20,000.00$                 20,000.00$                 20,000.00$                 20,000.00$                 20,000.00$                 140,000.00$               42,000.00$                 182,000.00$               127,400.00$               273,000.00$               197,647.00$              

Water Softener 2,500.00$   2,500.00$   2,500.00$   2,500.00$   2,500.00$   2,500.00$   2,500.00$   17,500.00$                 5,250.00$                   22,750.00$                 15,925.00$                 34,125.00$                 24,706.00$                

BBU 200,000.00$               200,000.00$               200,000.00$               200,000.00$               200,000.00$               200,000.00$               200,000.00$               1,400,000.00$           420,000.00$               1,820,000.00$           1,274,000.00$           2,730,000.00$           1,976,461.00$          

Saturator Basement 50,000.00$                 50,000.00$                 50,000.00$                 50,000.00$                 50,000.00$                 50,000.00$                 50,000.00$                 350,000.00$               105,000.00$               455,000.00$               318,500.00$               682,500.00$               494,116.00$              

Building SF 142,500.00$               190,500.00$               254,000.00$               440,800.00$               142,500.00$               254,000.00$               254,000.00$               1,678,300.00$           503,490.00$               2,181,790.00$           1,527,253.00$           3,272,685.00$           2,369,353.00$          

Storage Warehouse Space 78,000.00$                 117,000.00$               104,000.00$               104,000.00$               78,000.00$                 104,000.00$               84,000.00$                 669,000.00$               200,700.00$               869,700.00$               608,790.00$               1,304,550.00$           944,466.00$              

Demo Existing Building ‐$   ‐$   ‐$   20,000.00$                 ‐$   ‐$   ‐$   20,000.00$                 6,000.00$                   26,000.00$                 18,200.00$                 39,000.00$                 28,236.00$                

Site Improvements 250,000.00$               250,000.00$               150,000.00$               150,000.00$               250,000.00$               150,000.00$               150,000.00$               1,350,000.00$           405,000.00$               1,755,000.00$           1,228,500.00$           2,632,500.00$           1,905,873.00$          

Subtotal Capital Cost 1,243,000.00$            1,434,000.00$            1,024,500.00$            1,247,300.00$            1,243,000.00$            1,024,500.00$            1,244,500.00$            8,460,800.00$          

Contingency (30%) 372,900.00$               430,200.00$               307,350.00$               374,190.00$               372,900.00$               307,350.00$               373,350.00$               2,538,240.00$          

Total Capital Costs 1,615,900.00$            1,864,200.00$            1,331,850.00$            1,621,490.00$            1,615,900.00$            1,331,850.00$            1,617,850.00$            10,999,040.00$         10,999,040.00$         7,699,328.00$           16,498,560.00$         11,944,606.00$        

Operating of Equipment $78,071.34 $78,071.34 $78,071.34 $78,071.34 $78,071.34 $78,071.34 $78,071.34 $546,499.38

Energy $1,378.28 $1,771.35 $1,262.35 1,259.17$   1,261.17$   1,215.41$   1,610.84$   $9,758.56

Chemical 232,817.38$               292,843.43$               83,594.05$                 73,573.19$                 165,178.96$               38,761.25$                 101,112.22$               $987,880.47

Component Minimum Most Likely Maximum Probabilistic Minimum Most Likely Maximum Probabilistic

Electrical Panel 7 10 15 11 4% 5% 8% 5.43%

PLC MicroLogic 1400 7 10 15 11

Metering Pump Skid 14 20 30 22

Backflow Preventer 14 20 30 22

Man Door 14 20 30 22

Roll up Door 14 20 30 22

Fluoride Analyzer 7 10 15 11

BBU 14 20 30 22

Saturator Basement 0 0 0 0

Building 635 sf @ $300 0 0 0 0

Site Improvements 14 20 30 22

Replacement Schedule
Years

Total Capital Costs 

(Most Likely)

Salvage Rate
Percent

Liquid Operating Costs (Concept Level Costs, 2022 Dollars)

Description Well Electric Parkwater Ray Central Ave Grace/Nevada Hoffman Havana Total

Total Capital Costs 

(Minimum)

Total Capital Costs 

(Maximum)

Total Capital Costs 

(Probabilistic)

City of Spokane
Fluoridation Total Cost of Ownership Model

Dry Data Input

Description Well Electric Parkwater Ray Central Ave Grace/Nevada Hoffman Havana Subtotal

Dry Capital Costs (Concept Level Costs, 2022 Dollars)
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City of Spokane

Life Cycle Period 50 Engineering Initial Capital Costs
Capital and Equipment 

Replacement
Contingency Salvage Values

Period Year Escalation (Construction) Total Engineering Total Capital Maintenance Operation of Equipment Power Chemical Total Replacement Operating Contingency Total Salvage Net Costs
Net Present Value 

(NPV)

Operating and 

Maintenance

Capital 

Replacement

Operating 

Contingency
Salvage

0 2022 0.00% ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$  

1 2023 13.57% 1,599,999.60$              ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   1,599,999.60$              1,517,596.57$                ‐$   ‐$   ‐$   ‐$  

2 2024 28.38% ‐$   7,666,955.41$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   7,666,955.41$              6,897,565.98$                ‐$   ‐$   ‐$   ‐$  

3 2025 39.53% ‐$   8,333,040.55$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   ‐$   8,333,040.55$              7,110,708.65$                ‐$   ‐$   ‐$   ‐$  

4 2026 47.10% ‐$   ‐$   511,201.23$              803,923.77$   14,355.26$           1,453,214.09$          ‐$   834,808.30$   ‐$   3,617,502.65$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

5 2027 55.09% ‐$   ‐$   538,958.62$              847,575.53$   15,134.73$           1,532,121.25$          ‐$   880,137.04$   ‐$   3,813,927.17$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

6 2028 63.51% ‐$   ‐$   568,223.20$              893,597.50$   15,956.52$           1,615,312.94$          ‐$   927,927.05$   ‐$   4,021,017.21$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

7 2029 72.39% ‐$   ‐$   599,076.80$              942,118.39$   16,822.93$           1,703,021.81$          ‐$   978,311.98$   ‐$   4,239,351.91$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

8 2030 81.75% ‐$   ‐$   631,605.69$              993,273.89$   17,736.39$           1,795,493.13$          ‐$   1,031,432.73$   ‐$   4,469,541.82$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

9 2031 91.62% ‐$   ‐$   665,900.86$              1,047,207.04$   18,699.45$           1,892,985.48$          ‐$   1,087,437.85$   ‐$   4,712,230.68$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

10 2032 102.03% ‐$   ‐$   702,058.19$              1,104,068.68$   19,714.80$           1,995,771.52$          ‐$   1,146,483.96$   ‐$   4,968,097.14$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

11 2033 113.00% ‐$   ‐$   740,178.81$              1,164,017.82$   20,785.28$           2,104,138.67$          ‐$   1,208,736.17$   ‐$   5,237,856.74$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

12 2034 124.56% ‐$   ‐$   780,369.31$              1,227,222.09$   21,913.89$           2,218,389.97$          ‐$   1,274,368.58$   ‐$   5,522,263.85$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

13 2035 136.75% ‐$   ‐$   822,742.10$              1,293,858.26$   23,103.77$           2,338,844.94$          ‐$   1,343,564.72$   ‐$   5,822,113.79$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

14 2036 149.61% ‐$   ‐$   867,415.66$              1,364,112.66$   24,358.27$           2,465,840.42$          1,875,565.11$   1,416,518.10$   (101,840.14)$          7,911,970.08$              3,773,941.13$                2,252,222.84$        894,628.29$          675,666.85$          (48,576.86)$          

15 2037 163.16% ‐$   ‐$   914,514.92$              1,438,181.76$   25,680.89$           2,599,731.55$          ‐$   1,493,432.73$   ‐$   6,471,541.84$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

16 2038 177.45% ‐$   ‐$   964,171.59$              1,516,272.69$   27,075.32$           2,740,892.74$          ‐$   1,574,523.70$   ‐$   6,822,936.04$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

17 2039 192.52% ‐$   ‐$   1,016,524.54$          1,598,603.83$   28,545.46$           2,889,718.76$          ‐$   1,660,017.78$   ‐$   7,193,410.37$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

18 2040 208.40% ‐$   ‐$   1,071,720.17$          1,685,405.42$   30,095.43$           3,046,625.79$          ‐$   1,750,154.04$   ‐$   7,584,000.86$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

19 2041 225.15% ‐$   ‐$   1,129,912.83$          1,776,920.19$   31,729.57$           3,212,052.62$          ‐$   1,845,184.56$   ‐$   7,995,799.78$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

20 2042 242.80% ‐$   ‐$   1,191,265.26$          1,873,404.07$   33,452.43$           3,386,461.85$          ‐$   1,945,375.09$   ‐$   8,429,958.70$              2,927,889.70$                2,252,222.84$        ‐$   675,666.85$          ‐$  

21 2043 253.97% ‐$   ‐$   1,230,075.52$          1,934,437.75$   34,542.28$           3,496,789.48$          ‐$   2,008,753.51$   ‐$   8,704,598.53$              4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

22 2044 265.50% ‐$   ‐$   1,270,150.18$          1,997,459.84$   35,667.63$           3,610,711.47$          ‐$   2,074,196.74$   ‐$   8,988,185.86$              4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

23 2045 277.41% ‐$   ‐$   1,311,530.44$          2,062,535.14$   36,829.65$           3,728,344.93$          ‐$   2,141,772.04$   ‐$   9,281,012.19$              4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

24 2046 289.70% ‐$   ‐$   1,354,258.82$          2,129,730.52$   38,029.52$           3,849,810.77$          ‐$   2,211,548.89$   ‐$   9,583,378.51$              4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

25 2047 302.40% ‐$   ‐$   1,398,379.25$          2,199,115.06$   39,268.49$           3,975,233.85$          24,445,219.61$   2,283,598.99$   (1,327,335.68)$       33,013,479.57$            14,811,833.92$              3,415,199.84$        10,967,596.81$     1,024,559.95$       (595,522.68)$        

26 2048 315.51% ‐$   ‐$   1,443,937.08$          2,270,760.09$   40,547.82$           4,104,743.09$          ‐$   2,357,996.42$   ‐$   10,217,984.49$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

27 2049 329.05% ‐$   ‐$   1,490,979.14$          2,344,739.23$   41,868.83$           4,238,471.61$          ‐$   2,434,817.64$   ‐$   10,550,876.46$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

28 2050 343.02% ‐$   ‐$   1,539,553.79$          2,421,128.55$   43,232.87$           4,376,556.88$          ‐$   2,514,141.63$   ‐$   10,894,613.72$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

29 2051 357.46% ‐$   ‐$   1,589,710.95$          2,500,006.56$   44,641.36$           4,519,140.84$          ‐$   2,596,049.91$   ‐$   11,249,549.61$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

30 2052 372.36% ‐$   ‐$   1,641,502.18$          2,581,454.33$   46,095.73$           4,666,370.04$          ‐$   2,680,626.68$   ‐$   11,616,048.96$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

31 2053 387.75% ‐$   ‐$   1,694,980.72$          2,665,555.60$   47,597.48$           4,818,395.82$          ‐$   2,767,958.89$   ‐$   11,994,488.50$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

32 2054 403.64% ‐$   ‐$   1,750,201.54$          2,752,396.80$   49,148.16$           4,975,374.46$          ‐$   2,858,136.29$   ‐$   12,385,257.24$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

33 2055 420.05% ‐$   ‐$   1,807,221.40$          2,842,067.20$   50,749.36$           5,137,467.30$          ‐$   2,951,251.58$   ‐$   12,788,756.84$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

34 2056 436.99% ‐$   ‐$   1,866,098.91$          2,934,658.98$   52,402.72$           5,304,840.97$          ‐$   3,047,400.48$   ‐$   13,205,402.06$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

35 2057 454.49% ‐$   ‐$   1,926,894.59$          3,030,267.30$   54,109.95$           5,477,667.52$          ‐$   3,146,681.81$   ‐$   13,635,621.18$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

36 2058 472.55% ‐$   ‐$   1,989,670.94$          3,128,990.46$   55,872.80$           5,656,124.58$          5,924,108.95$   3,249,197.63$   (321,669.48)$          19,682,295.88$            6,206,360.58$                3,415,199.84$        1,868,031.89$       1,024,559.95$       (101,431.09)$        

37 2059 491.20% ‐$   ‐$   2,054,492.47$          3,230,929.91$   57,693.09$           5,840,395.60$          ‐$   3,355,053.32$   ‐$   14,538,564.40$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

38 2060 510.47% ‐$   ‐$   2,121,425.83$          3,336,190.46$   59,572.67$           6,030,670.00$          ‐$   3,464,357.69$   ‐$   15,012,216.64$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

39 2061 530.35% ‐$   ‐$   2,190,539.82$          3,444,880.29$   61,513.49$           6,227,143.34$          ‐$   3,577,223.08$   ‐$   15,501,300.02$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

40 2062 550.89% ‐$   ‐$   2,261,905.47$          3,557,111.13$   63,517.54$           6,430,017.60$          ‐$   3,693,765.52$   ‐$   16,006,317.25$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

41 2063 572.10% ‐$   ‐$   2,335,596.14$          3,672,998.34$   65,586.88$           6,639,501.30$          ‐$   3,814,104.80$   ‐$   16,527,787.45$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

42 2064 593.99% ‐$   ‐$   2,411,687.59$          3,792,661.04$   67,723.63$           6,855,809.77$          ‐$   3,938,364.61$   ‐$   17,066,246.65$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

43 2065 616.60% ‐$   ‐$   2,490,258.02$          3,916,222.24$   69,930.00$           7,079,165.37$          ‐$   4,066,672.69$   ‐$   17,622,248.31$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

44 2066 639.95% ‐$   ‐$   2,571,388.19$          4,043,808.94$   72,208.26$           7,309,797.67$          ‐$   4,199,160.92$   ‐$   18,196,363.97$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

45 2067 664.05% ‐$   ‐$   2,655,161.51$          4,175,552.29$   74,560.73$           7,547,943.75$          ‐$   4,335,965.48$   ‐$   18,789,183.76$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

46 2068 688.95% ‐$   ‐$   2,741,664.08$          4,311,587.71$   76,989.85$           7,793,848.39$          ‐$   4,477,227.01$   ‐$   19,401,317.04$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

47 2069 714.65% ‐$   ‐$   2,830,984.83$          4,452,055.03$   79,498.10$           8,047,764.37$          57,770,337.39$   4,623,090.70$   (3,136,835.39)$       74,666,895.02$            16,547,525.32$              3,415,199.84$        12,802,944.60$     1,024,559.95$       (695,179.08)$        

48 2070 741.19% ‐$   ‐$   2,923,215.55$          4,597,098.64$   82,088.07$           8,309,952.68$          ‐$   4,773,706.48$   ‐$   20,686,061.42$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

49 2071 768.60% ‐$   ‐$   3,018,451.06$          4,746,867.63$   84,762.42$           8,580,682.83$          ‐$   4,929,229.18$   ‐$   21,359,993.12$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

50 2072 796.89% ‐$   ‐$   3,116,789.25$          4,901,515.95$   87,523.90$           8,860,233.11$          ‐$   5,089,818.66$   ‐$   22,055,880.86$            4,439,759.79$                3,415,199.84$        ‐$   1,024,559.95$       ‐$  

Total 1,599,999.60$              15,999,995.96$                   74,744,545.02$        117,544,546.57$                  2,098,933.66$     212,479,586.89$      90,015,231.06$   122,060,283.64$   (4,887,680.70)$      631,655,441.70$         223,585,281.67$            140,743,783.52$    26,533,201.59$     42,223,135.06$     (1,440,709.71)$    

Annual Operating Costs 406,867,612.14$     

Net Present Value (NPV)

(Dry) Fluoridation Total Cost of 

Ownership Model

Annual Operating Costs LCCA Cost (2022 Dollars)

City of Spokane 7 3764109001 
12/6/2022
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Liquid Criteria
(1) Environmental 

& Sustainability

(2) Neighborhood 

Impacts
(3) Safety ‐ Public

(4) Safety ‐ 

Worker

(5) Service

Reliability

(6) Ease of 

Maintenance & 

Operations

Total 

Performance

8% 12% 25% 25% 15% 15% 100%

1 6 5 5 6 7 5

2 4 8 4 6 8 4

3 5 5 4 4 5 3

4 6 8 8 7 9 5

5 9 6 8 6 4 4

6 6 2 6 4 4 2

7 3 3 7 3 6 3

8 8 7 6 6 7 4

9 1 1 4 2 6 2

10 8 8 4 6 8 4

5.6 5.3 5.6 5.0 6.4 3.6

0.4 0.6 1.4 1.3 1.0 0.5 5.2

202$   Cost Score: 4.3 1.2

Dry Criteria
(1) Environmental 

& Sustainability

(2) Neighborhood 

Impacts
(3) Safety ‐ Public

(4) Safety ‐ 

Worker

(5) Service

Reliability

(6) Ease of 

Maintenance & 

Operations

Total 

Performance

8% 12% 25% 25% 15% 15% 100%

1 7 4 7 5 5 4

2 4 8 6 3 4 3

3 6 5 5 5 6 3

4 5 5 5.5 7 6 4

5 9 6 8 6 4 4

6 6 0 4 6 4 0

7 4 3 6 4 7 3

8 7 8 7 4 6 3

9 1 2 3 2 4 2

10 8 6 6 8 6 2

5.7 4.7 5.8 5.0 5.2 2.8

0.5 0.6 1.4 1.3 0.8 0.4 4.9

264$   Cost Score: 5.7 0.9

(1) Environmental

& Sustainability

(2) Neighborhood

Impacts
(3) Safety ‐ Public

(4) Safety ‐ 

Worker

(5) Service

Reliability

(6) Ease of

Maintenance & 

Operations

Total 

Performance

‐0.1 0.6 ‐0.2 0.0 1.2 0.8 0.3

Dry TCO (millions)

Liquid Value Score:

Dry Value Score:

Score Difference

Weighting

Weighting

Liquid TCO (millions)

Average

R
es
p
o
n
d
an

t

Weighted

R
es
p
o
n
d
an

t

Average

Weighted

City of Spokane 8 3764109001 
12/6/2022
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ACP ASPHALTIC CONCRETE PAVING

ADJ ADJUSTABLE

ADJC ADJACENT

AFF ABOVE FINISHED FLOOR

AFG ABOVE FINISHED GRADE

AHR ANCHOR

AL ALUMINUM

ALT ALTERNATE

AMP AMPERE

ANSI AMERICAN NATIONAL STANDARDS  

INSTITUTE

APPROX APPROXIMATE

APPVD APPROVED

APWA AMERICAN PUBLIC WORKS ASSOCIATION

ARCH ARCHITECTURAL

ARV AIR RELEASE VALVE

ASCE AMERICAN SOCIETY OF CIVIL 

ENGINEERS

ASR AQUIFER STORAGE & RECOVERY

ASSN ASSOCIATION

ASSY ASSEMBLY

ASTM AMERICAN SOCIETY FOR TESTING

& MATERIALS

ATM ATMOSPHERE

AUTO AUTOMATIC

AUX AUXILIARY

AVE AVENUE

AVG AVERAGE

AWWA AMERICAN WATER WORKS ASSOCIATION

B&S BELL & SPIGOT

BC BOLT CIRCLE

BD BOARD

BETW BETWEEN

BF BOTH FACE

BFD BACKFLOW PREVENTION DEVICE

BFILL BACKFILL

BFV BUTTERFLY VALVE

BHP BRAKE HORSEPOWER

BKGD BACKGROUND

BLDG BUILDING

BLK BLOCK

BLVD BOULEVARD

BM BENCHMARK / BEAM

BMP BEST MANAGEMENT PRACTICES

BO BLOW-OFF

BOC BACK OF CURB

BS BOTH SIDES

BSMT BASEMENT

BTF BOTTOM FACE

BTU BRITISH THERMAL UNIT

BV BALL VALVE

BW BOTH WAYS

C CELSIUS

C TO C CENTER TO CENTER

CALTRANS CALIFORNIA DEPARTMENT OF

TRANSPORTATION

CARV COMBINATION AIR RELEASE VALVE

CATV CABLE TELEVISION

CB CATCH BASIN

CCP CONCRETE CYLINDER PIPE

CCW COUNTER CLOCKWISE

CDOT COLORADO DEPARTMENT OF

TRANSPORTATION

CFM CUBIC FEET PER MINUTE

CFS CUBIC FEET PER SECOND

CHAN CHANNEL

CHEM CHEMICAL

CHFR CHAMFER

CHKV CHECK VALVE

CI CAST IRON

CIP CAST IRON PIPE

CIPC CAST IN PLACE CONCRETE

CISP CAST IRON SOIL PIPE

CJ CONSTRUCTION JOINT

CL OR C/L CENTER LINE

CL2 CHLORINE

CLG CEILING

CLJ CONTROL JOINT

CLR CLEAR

CLSM CONTROLLED LOW STRENGTH MATERIAL

CMP CORRUGATED METAL PIPE

CMU CONCRETE MASONRY UNIT

CND CONDUIT

CO CLEANOUT

COL COLUMN

COMB COMBINATION

CONC CONCRETE

CONN CONNECTION

CONST CONSTRUCTION

CONT CONTINUOUS / CONTINUATION

CONTR CONTRACT(OR)

COORD COORDINATE

COP COPPER

CORP CORPORATION

CORR CORRUGATED

CP CONTROL POINT

CPLG COUPLING

CPVC CHLORINATED POLYVINYL CHLORIDE

CR CRUSHED ROCK

CS COMBINED SEWER

CSP CONCRETE SEWER PIPE

CT COURT

CTR CENTER

CU CUBIC

CULV CULVERT

CV CONTROL VALVE

CW CLOCKWISE / COLD WATER

CY CUBIC YARDS

CYL CYLINDER LOCK

D DRAIN

DC DIRECT CURRENT

DEFL DEFLECTION

DEQ DEPARTMENT OF ENVIRONMENTAL QUALITY

DET DETAIL

DI DUCTILE IRON

DIA DIAMETER

DIM DIMENSION

DIR DIRECTION

DIST DISTANCE

DN DOWN

DR DRIVE

DS DOWNSPOUT

DWG DRAWING

DWL DOWEL

DWV DRAIN WASTE AND VENT

DWY DRIVEWAY

E / ELEC ELECTRICAL

EA EACH

ECC ECCENTRIC

EF EACH FACE

EL ELEVATION

ELB ELBOW

ENCL ENCLOSURE

EOP EDGE OF PAVEMENT

EQ EQUAL

EQL SP EQUALLY SPACED

EQUIP EQUIPMENT

ESMT EASEMENT

EW EACH WAY

EXC EXCAVATE

EXIST EXISTING

EXP EXPANSION

EXP BT EXPANSION BOLT

EXP JT EXPANSION JOINT

EXT EXTERIOR

F FAHRENHEIT

F TO F FACE TO FACE

FAB FABRICATE

FB FLAT BAR

FCA FLANGED COUPLING ADAPTER

FCO FLOOR CLEANOUT

FD FLOOR DRAIN

FDN FOUNDATION

FEXT FIRE EXTINGUISHER

FF FINISHED FLOOR / FAR FACE

FGL FIBERGLASS

FH FIRE HYDRANT

FIN FINISH(ED)

FIPT FEMALE IRON PIPE THREAD

FITG FITTING

FL FLOOR LINE

FLEX FLEXIBLE

FLG FLANGE

FLL FLOW LINE

FLR FLOOR

FM FORCE MAIN

FO FIBER OPTIC

FOC FACE OF CONCRETE

FOF FACE OF FINISH

FOM FACE OF MASONRY

FOS FACE OF STUDS

FPM FEET PER MINUTE

FPS FEET PER SECOND

FRP FIBERGLASS REINFORCED PLASTIC

FT FEET / FOOT

FTG FOOTING

FUT FUTURE

FXTR FIXTURE

G GAS

GA GAUGE

GAL GALLON

GALV GALVANIZED

GC GROOVED COUPLING

GFA GROOVED FLANGE ADAPTER

GI GALVANIZED IRON

GIP GALVANIZED IRON PIPE

GJ GRIP JOINT

GL GLASS

GLV GLOBE VALVE

GND GROUND

GPD GALLONS PER DAY

GPH GALLONS PER HOUR

GPM GALLONS PER MINUTE

GPS GALLONS PER SECOND

GR GRADE

GR LN GRADE LINE

GRTG GRATING

GV GATE VALVE

GRVL GRAVEL

GYP GYPSUM

HB HOSE BIBB

HC HOLLOW CORE

HDPE HIGH DENSITY POLYETHYLENE

HDR HEADER

HDWE HARDWARE

HGR HANGER

HGT HEIGHT

HH HANDHOLD

HM HOLLOW METAL

HMAC HOT MIX ASPHALT CONCRETE

HNDRL HANDRAIL

HOA HAND-OFF-AUTO

HOR HAND-OFF-REMOTE

HORIZ HORIZONTAL

HP HIGH PRESSURE / HORSEPOWER

HPG HIGH PRESSURE GAS

HPT HIGH POINT

HR HOUR

HSB HIGH STRENGTH BOLT

HV HOSE VALVE

HVAC HEATING, VENTILATION, AIR

CONDITIONING

HWL HIGH WATER LINE

HWY HIGHWAY

HYD HYDRANT

HYDR HYDRAULIC

I&C INSTRUMENTATION & CONTROL

IAW IN ACCORDANCE WITH

ID INSIDE DIAMETER

IE INVERT ELEVATION

IF INSIDE FACE

IMPVT IMPROVEMENT

IN INCH

INCC INCLUDE(D)(ING)

INFL INFLUENT

INJ INJECTION

INSTL INSTALLATION / INSTALL

INSUL INSULATION

INTER INTERCEPTOR

INTR INTERIOR

INV INVERT

IP IRON PIPE

IPT IRON PIPE THREAD

IR IRON ROD

IRRIG IRRIGATION

ITD IDAHO TRANSPORTATION DEPARTMENT

JT JOINT

JUNC JUNCTION

KPL KICK PLATE

KVA KILOVOLT AMPERE

KW KILOWATT

KWY KEYWAY

L LENGTH

LAB LABORATORY

LAV LAVATORY

LB POUND

LF LINEAR FOOT

LIN LINEAL

LN LANE

LOC LOCATION

LONG LONGITUDINAL

LP LOW PRESSURE

LPT LOW POINT

LRG LARGE

LS LONG SLEEVE / LUMP SUM

LT LEFT

LVL LEVEL

LWL LOW WATER LINE

MAN MANUAL

MAT MATERIAL

MAX MAXIMUM

MCC MOTOR CONTROL CENTER

MCP MASTER CONTROL PANEL

MECH MECHANICAL

MET METAL

MFR MANUFACTURER

MGD MILLION GALLONS PER DAY

MH MANHOLE

MIN MINIMUM

MIPT MALE IRON PIPE THREAD

MISC MISCELLANEOUS

MJ MECHANICAL JOINT

MON MONUMENT / MONOLITHIC

MOT MOTOR

MP MILEPOST

MSL MEAN SEAL LEVEL

MTD MOUNTED

NA NOT APPLICABLE

NAVD NORTH AMERICAN VERTICAL DATUM

NC NORMALLY CLOSED

NF NEAR FACE

NIC NOT IN CONTRACT

NO / NO. NORMALLY OPEN / NUMBER

NOM NOMINAL

NORM NORMAL

NRS NON-RISING STEM

NTS NOT TO SCALE

O TO O OUT TO OUT

OAR OREGON ADMINISTRATIVE RULES

OC ON CENTER

OD OUTSIDE DIAMETER

ODOT OREGON DEPARTMENT OF 

TRANSPORTATION

OF OVERFLOW / OUTSIDE FACE

OPNG OPENING

OPP OPPOSITE

ORIG ORIGINAL

OSHA OCCUPATIONAL SAFETY AND HEALTH 

ADMINISTRATION

OVHD OVERHEAD

P&ID PROCESS & INSTRUMENTATION 

DIAGRAM

PC POINT OF CURVE

PCC POINT OF COMPOUND CURVE

PCVC POINT OF CURVATURE ON

VERTICAL CURVE

PE PLAIN END

PERF PERFORATED

PERM PERMANENT

PERP PERPENDICULAR

PG PRESSURE GAUGE

PH PIPE HANGER

PI POINT OF INTERSECTION

PIVC POINT OF INTERSECTION ON

VERTICAL CURVE

PL OR P/L PROPERTY LINE / PLATE / PLASTIC

PLBG PLUMBING

PNL PANEL

POC POINT OF CURVATURE

POLY POLYETHYLENE

PP POWER POLE / PURPLE PIPE

PRC POINT OF REVERSE CURVATURE

PRCST PRECAST

PREP PREPARATION

PRESS PRESSURE

PRKG PARKING

PROP PROPERTY

PRV PRESSURE REDUCING VALVE

PS PUMP STATION

PSIG POUNDS PER SQUARE INCH GAUGE

PSL PIPE SLEEVE

PSPT PIPE SUPPORT

PT POINT OF TANGENCY

PTVC POINT OF TANGENCY ON VERTICAL 

CURVE

PTW PUMP TO WASTE

PV PLUG VALVE

PVC POLYVINYL CHLORIDE

PVMT PAVEMENT

PW POTABLE WATER

PWR POWER

QTY QUANTITY

RAD RADIUS

RC REINFORCED CONCRETE

RCP REINFORCED CONCRETE PIPE

RD ROAD / ROOF DRAIN

RDCR REDUCER

REF REFERENCE

REINF REINFORCE(D)(ING)(MENT)

REQ'D REQUIRED

RESTR RESTRAINED

RFCA RESTRAINED FLANGE COUPLING 

ADAPTER

RM ROOM

RND ROUND

RO ROUGH OPENING

R/W RIGHT-OF-WAY

RPBPD REDUCED PRESSURE BACKFLOW

PREVENTION DEVICE

RPM REVOLUTIONS PER MINUTE

RR RAILROAD

RST REINFORCED STEEL

RT RIGHT

SALV SALVAGE

SAN SANITARY

SC SOLID CORE

SCHED SCHEDULE

SD STORM DRAIN

SDL SADDLE

SDR STANDARD DIMENSION RATIO

SECT SECTION

SHLDR SHOULDER

SHT SHEET

SIM SIMILAR

SLP SLOPE

SLV SLEEVE

SOLN SOLUTION

SP SOIL PIPE / SEWER PIPE

SPCL SPECIAL

SPEC(S) SPECIFICATION(S)

SPG SPACING

SPL SPOOL

SPRT SUPPORT

SQ SQUARE

SQ FT SQUARE FOOT

SQ IN SQUARE INCH

SQ YD SQUARE YARD

SS SANITARY SEWER

SST STAINLESS STEEL

ST STREET

STA STATION

STD STANDARD

STL STEEL

STOR STORAGE

STR STRAIGHT

STRUCT STRUCTURE / STRUCTURAL

SUBMG SUBMERGED

SUCT SUCTION

SV SOLENOID VALVE

S/W SIDEWALK

SWD SIDEWATER DEPTH

SWGR SWITCH GEAR

SYMM SYMMETRICAL

SYS SYSTEM

T OR TEL TELEPHONE

T&B TOP & BOTTOM

TAN TANGENCY

TB THRUST BLOCK

TBM TEMPORARY BENCHMARK

TC TOP OF CONCRETE / TOP OF CURB

TCE TEMPORARY CONSTRUCTION EASEMENT

TDH TOTAL DYNAMIC HEAD

TEMP TEMPERATURE / TEMPORARY

T&G TONGUE & GROOVE

THK THICK / THICKNESS

THRD THREAD (ED)

THRU THROUGH

TP TEST PIT / TOP OF PAVEMENT /

TURNING POINT

TRANS TRANSITION

TSP TRI-SODIUM PHOSPHATE

TST TOP OF STEEL

TW TOP OF WALL

TYP TYPICAL

UG UNDERGROUND

UH UNIT HEATER

UN UNION

UON UNLESS OTHERWISE NOTED

USGS UNITED STATES GEOLOGIC SURVEY

V VENT / VOLT

VAC VACUUM

VB VACUUM BREAKER

VBOX VALVE BOX

VC VERTICAL CURVE

VERT VERTICAL

VFD VARIABLE FREQUENCY DRIVE

VOL VOLUME

VCP VITRIFIED CLAY PIPE

VTR VENT THROUGH ROOF

W WATER

W/ WITH

W/IN WITHIN

W/O WITHOUT

W/W WALL TO WALL

WD WOOD

WF WIDE FLANGE

WH WATER HEATER

WI WROUGHT IRON

WM WATER METER

WP WORKING POINT / WATERPROOFING

WS WATER SERVICE

WSDOT WASHINGTON STATE DEPARTMENT

OF TRANSPORTATION

WT WEIGHT

WTP WATER TREATMENT PLANT

WTRT WATERTIGHT

WWF WELDED WIRE FABRIC

WWTF WASTEWATER TREATMENT FACILITY

WWTP WASTEWATER TREATMENT PLANT

X SECT CROSS SECTION

XFMR TRANSFORMER

YD YARD DRAIN / YARD

YH YARD HYDRANT

YR YEAR

ZN ZINC
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FLUORIDE:

PRODUCT

CONCENTRATION

SPECIFIC GRAVITY

FLUORIDE DOSE

WELL ELECTRIC DESIGN CRITERIA:

WELL ELECTRIC WATER DEMAND:

CURRENT OPERATING ADD

CURRENT OPERATING MDD

PROJECTED 2043 ADD

PROJECTED 2043 MDD

WELL ELECTRIC PUMP CAPACITY:

WELL PUMP NO. 1 FLOWRATE

WELL PUMP NO. 2 FLOWRATE

WELL PUMP NO. 3 FLOWRATE

WELL PUMP NO. 4 FLOWRATE

TOTAL CAPACITY

WELL ELECTRIC DOSING FLOW AND PRESSURE:

DOSING PUMP NO. 1 FLOWRATE

DOSING PUMP NO. 1 INJECTION PRESSURE

DOSING PUMP NO. 2 FLOWRATE

DOSING PUMP NO. 2 INJECTION PRESSURE

DOSING PUMP NO. 3 FLOWRATE

DOSING PUMP NO. 3 INJECTION PRESSURE

DOSING PUMP NO. 4 FLOWRATE

DOSING PUMP NO. 4 INJECTION PRESSURE

WELL ELECTRIC FSA STORAGE:

BULK TANK MINIMUM VOLUME

BULK DESIGN TANK VOLUME

BULK TANK STORAGE AT CURRENT ADD

               BULK TANK STORAGE AT 2043 MDD

DAY TANK MINIMUM VOLUME

DAY TANK DESIGN TANK VOLUME

DAY TANK STORAGE AT CURRENT ADD

DAY TANK STORAGE AT 2043 MDD

RAY STREET WELL STATION DESIGN CRITERIA:

WATER DEMAND:

CURRENT OPERATING ADD

CURRENT OPERATING MDD

PROJECTED 2043 ADD

PROJECTED 2043 MDD

RAY PUMP CAPACITY:

WELL PUMP NO. 1 FLOWRATE

WELL PUMP NO. 2 FLOWRATE

WELL PUMP NO. 3 FLOWRATE

TOTAL CAPACITY

RAY DOSING FLOW AND PRESSURE:

DOSING PUMP NO. 1 FLOWRATE

DOSING PUMP NO. 1 INJECTION PRESSURE

DOSING PUMP NO. 2 FLOWRATE

DOSING PUMP NO. 2 INJECTION PRESSURE

DOSING PUMP NO. 3 FLOWRATE

DOSING PUMP NO. 3 INJECTION PRESSURE

RAY FSA STORAGE:

BULK TANK MINIMUM VOLUME

BULK DESIGN TANK VOLUME

BULK TANK STORAGE AT CURRENT ADD

BULK TANK STORAGE AT 2043 MDD

DAY TANK MINIMUM VOLUME

DAY DESIGN TANK VOLUME

DAY TANK STORAGE AT CURRENT ADD

DAY TANK STORAGE AT 2043 MDD

PARKWATER WELL STATION DESIGN CRITERIA:

PARKWATER WATER DEMAND:

CURRENT OPERATING ADD

CURRENT OPERATING MDD

PROJECTED 2043 ADD

PROJECTED 2043 MDD

PARKWATER PUMP CAPACITY:

WELL PUMP NO. 1 FLOWRATE

WELL PUMP NO. 2 FLOWRATE

WELL PUMP NO. 3 FLOWRATE

WELL PUMP NO. 4 FLOWRATE

WELL PUMP NO. 5 FLOWRATE

WELL PUMP NO. 6 FLOWRATE

WELL PUMP NO. 7 FLOWRATE

WELL PUMP NO. 8 FLOWRATE

TOTAL CAPACITY

PARKWATER DOSING FLOW AND PRESSURE:

DOSING PUMP NO. 1 FLOWRATE

DOSING PUMP NO. 1 INJECTION PRESSURE

DOSING PUMP NO. 2 FLOWRATE

DOSING PUMP NO. 2 INJECTION PRESSURE

DOSING PUMP NO. 3 FLOWRATE

DOSING PUMP NO. 3 INJECTION PRESSURE

DOSING PUMP NO. 4 FLOWRATE

DOSING PUMP NO. 4 INJECTION PRESSURE

DOSING PUMP NO. 5 FLOWRATE

DOSING PUMP NO. 5 INJECTION PRESSURE

DOSING PUMP NO. 6 FLOWRATE

DOSING PUMP NO. 6 INJECTION PRESSURE

DOSING PUMP NO. 7 FLOWRATE

DOSING PUMP NO. 7 INJECTION PRESSURE

DOSING PUMP NO. 8 FLOWRATE

DOSING PUMP NO. 8 INJECTION PRESSURE

PARKWATER FSA STORAGE:

BULK TANK MINIMUM VOLUME

BULK DESIGN TANK VOLUME

BULK TANK STORAGE AT CURRENT ADD

BULK TANK STORAGE AT 2043 MDD

DAY TANK MINIMUM VOLUME

DAY  DESIGN TANK VOLUME

DAY TANK STORAGE AT CURRENT ADD

DAY TANK STORAGE AT 2043 MDD

CENTRAL AVENUE  WELL STATION DESIGN CRITERIA:

WATER DEMAND:

CURRENT OPERATING ADD

CURRENT OPERATING MDD

PROJECTED 2043 ADD

PROJECTED 2043 MDD

CENTRAL PUMP CAPACITY:

WELL PUMP NO. 1 FLOWRATE

WELL PUMP NO. 2 FLOWRATE

TOTAL CAPACITY

CENTRAL DOSING FLOW AND PRESSURE:

DOSING PUMP NO. 1 FLOWRATE

DOSING PUMP NO. 1 INJECTION PRESSURE

DOSING PUMP NO. 2 FLOWRATE

DOSING PUMP NO. 2 INJECTION PRESSURE

CENTRAL FSA STORAGE:

BULK TANK MINIMUM VOLUME

BULK DESIGN TANK VOLUME

BULK TANK STORAGE AT CURRENT ADD

BULK TANK STORAGE AT 2043 MDD

DAY TANK MINIMUM VOLUME

DAY DESIGN TANK VOLUME

DAY TANK STORAGE AT CURRENT ADD

DAY TANK STORAGE AT 2043 MDD

NEVADA WELL STATION DESIGN CRITERIA:

WATER DEMAND:

CURRENT OPERATING ADD

CURRENT OPERATING MDD

PROJECTED 2043 ADD

PROJECTED 2043 MDD

NEVADA PUMP CAPACITY:

WELL PUMP NO. 1 FLOWRATE

WELL PUMP NO. 2 FLOWRATE

WELL PUMP NO. 3 FLOWRATE

WELL PUMP NO. 4 FLOWRATE

TOTAL CAPACITY

NEVADA DOSING FLOW AND PRESSURE:

DOSING PUMP NO. 1 FLOWRATE

DOSING PUMP NO. 1 INJECTION PRESSURE

DOSING PUMP NO. 2 FLOWRATE

DOSING PUMP NO. 2 INJECTION PRESSURE

DOSING PUMP NO. 3 FLOWRATE

DOSING PUMP NO. 3 INJECTION PRESSURE

DOSING PUMP NO. 4 FLOWRATE

DOSING PUMP NO. 4 INJECTION PRESSURE

NEVADA FSA STORAGE:

COMBINED WITH GRACE. SEE GRACE/NEVADA

FSA STORAGE ABOVE

GRACE WELL STATION DESIGN CRITERIA:

WATER DEMAND:

CURRENT OPERATING ADD

CURRENT OPERATING MDD

PROJECTED 2043 ADD

PROJECTED 2043 MDD

GRACE PUMP CAPACITY:

WELL PUMP NO. 1 FLOWRATE

WELL PUMP NO. 2 FLOWRATE

TOTAL CAPACITY

GRACE DOSING FLOW AND PRESSURE:

DOSING PUMP NO. 1 FLOWRATE

DOSING PUMP NO. 1 INJECTION PRESSURE

DOSING PUMP NO. 2 FLOWRATE

DOSING PUMP NO. 2 INJECTION PRESSURE

COMBINED GRACE & NEVADA DESIGN CRITERIA:

GRACE/ NEVADA FSA STORAGE:

BULK TANK MINIMUM VOLUME

BULK DESIGN TANK VOLUME

BULK TANK STORAGE AT CURRENT ADD

BULK TANK STORAGE AT 2043 MDD

DAY TANK MINIMUM VOLUME

DAY DESIGN TANK VOLUME

DAY TANK STORAGE AT CURRENT ADD

DAY TANK STORAGE AT 2043 MDD

HAVANA WELL STATION DESIGN CRITERIA:

WATER DEMAND:

CURRENT OPERATING ADD

CURRENT OPERATING MDD

PROJECTED 2043 ADD

PROJECTED 2043 MDD

HAVANA PUMP CAPACITY:

WELL PUMP NO. 1 FLOWRATE

WELL PUMP NO. 2 FLOWRATE

WELL PUMP NO. 3 FLOWRATE

WELL PUMP NO. 4 FLOWRATE

WELL PUMP NO. 5 FLOWRATE

WELL PUMP NO. 6 FLOWRATE

TOTAL CAPACITY

HAVANA DOSING FLOW AND PRESSURE:

DOSING PUMP NO. 1 FLOWRATE

DOSING PUMP NO. 1 INJECTION PRESSURE

DOSING PUMP NO. 2 FLOWRATE

DOSING PUMP NO. 2 INJECTION PRESSURE

DOSING PUMP NO. 3 FLOWRATE

DOSING PUMP NO. 3 INJECTION PRESSURE

DOSING PUMP NO. 4 FLOWRATE
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DOSING PUMP NO. 5 FLOWRATE

DOSING PUMP NO. 5 INJECTION PRESSURE
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BULK DESIGN TANK VOLUME
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HOFFMAN WELL STATION DESIGN CRITERIA:
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BULK DESIGN TANK VOLUME
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FLUOROSILICIC ACID (FSA)
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1.22
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NOTES:

1. PROCESS FLOW DIAGRAM SHOWS GENERAL

CONFIGURATION AND MAJOR ELEMENTS. SOME

FITTINGS, VALVES, AND OTHER APPURTENANCES ARE

OMITTED FOR CLARITY.

2. THE FOLLOWING ANTI-SIPHON MEASURES WILL BE

INCLUDED IN THE FINAL DESIGN:

-THE TRANSFER PUMP WILL BE MANUALLY

OPERATED

-THE DAY TANK WILL INCLUDE SCADA ALARM IF

LEVEL CHANGE IS HIGHER THAN EXPECTED

-BACKPRESSURE VALVE, ANTI-SIPHON VALVE,

PRESSURE RELIEF, AND CHECK VALVE WILL

BE INCLUDED

-CHEMICAL FEED PUMPS WILL ONLY OPERATE

IF FLOW IS DETECTED IN THE MAIN PIPE

3. CONTROLS FOR FLUORIDE DOSING WILL INCLUDED

FLOW PACING AND TRIM BASED ON FLUORIDE

ANALYZER
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WELL STATION SITE PLAN

WELL ELECTRIC

CONTROL ROOM,

LABORATORY, AND

OFFICES

WELL GALLERY

FLUORIDE INJECTION

LINES 3/8" TUBE IN 2"

PVC SLEEVE

CLEANOUT

ARCHITECTURAL DATA:

ZONING: LIGHT INDUSTRIAL USE

ARCHITECTURAL FEATURES: UNREINFORCED MASONRY

AREA: 647 SF

HEIGHT: APPROX 25 FT

ROOF TYPE: STANDING-SEAM METAL GABLE

LANDSCAPING: IN ACCORDANCE WITH CITY CODE, MATCH EXISTING

NOTES:

1. PVC PIPES MAY REQUIRE PROTECTIVE PIPE CASING IN

TRAFFIC AREAS
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NOTES:

1. PROCESS FLOW DIAGRAM SHOWS GENERAL

CONFIGURATION AND MAJOR ELEMENTS. SOME

FITTINGS, VALVES, AND OTHER APPURTENANCES ARE

OMITTED FOR CLARITY.

2. THE FOLLOWING ANTI-SIPHON MEASURES WILL BE

INCLUDED IN THE FINAL DESIGN:

-THE TRANSFER PUMP WILL BE MANUALLY

OPERATED

-THE DAY TANK WILL INCLUDE SCADA ALARM IF

LEVEL CHANGE IS HIGHER THAN EXPECTED

-BACKPRESSURE VALVE, ANTI-SIPHON VALVE,

PRESSURE RELIEF, AND CHECK VALVE WILL

BE INCLUDED

-CHEMICAL FEED PUMPS WILL ONLY OPERATE

IF FLOW IS DETECTED IN THE MAIN PIPE

3. CONTROLS FOR FLUORIDE DOSING WILL INCLUDED

FLOW PACING AND TRIM BASED ON FLUORIDE
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SAMPLE LINE,

3/8" SAM TUBE IN

2" PVC SLEEVE

SAMPLE LINE,

3/8" SAM TUBE IN

2" PVC SLEEVE

ARCHITECTURAL DATA:

ZONING: LIGHT INDUSTRIAL USE

ARCHITECTURAL FEATURES: CONCRETE MASONRY UNIT

AREA: 195 SF

HEIGHT: APPROX 21 FT

ROOF TYPE: STANDING-SEAM METAL GABLE

LANDSCAPING: IN ACCORDANCE WITH CITY CODE, MATCH EXISTING

NOTES:

1. PVC MAY REQUIRE PROTECTIVE PIPE CASING IN TRAFFIC AREAS
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FITTINGS, VALVES, AND OTHER APPURTENANCES ARE

OMITTED FOR CLARITY.

2. THE FOLLOWING ANTI-SIPHON MEASURES WILL BE

INCLUDED IN THE FINAL DESIGN:

-THE TRANSFER PUMP WILL BE MANUALLY

OPERATED
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FLOW PACING AND TRIM BASED ON FLUORIDE
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DOH FLUORIDATION FORMS 
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 mg/L

ANSI-NSF Standard 60 Approved 

Percent strength of acid used: %

Specific Gravity (SG) of acid: g/cm
2

0

0

0

0

*Instrument used in field testing (Make/Model)
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0
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Calculated 
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Result*

Water Production Fluoride Additive Monitoring 

(MG) (MG) (gals) or (lbs) (gals) or (lbs) (mg/L) (mg/L)

0

End:

3rd Start:

End:

2nd Start:

End:

1st Start:

Process Interuption(s) (date/time):

Result mg/L

Split Sample Result mg/L:

Weekly Instrument Calibration:

Date:

 

Date Standard mg/L

DOH Form 331-497

Jan. 2016 

Date of Last Sample:

Explain cause and corrective actions taken for 

interruption(s) on back of page.

Please send your report to us by the 10th day of the following month.

Fluoride Additive Data:

Testing and Monitoring:

Certified Operator Signature:         

System ID:

FIP No:

Contact Name: Phone #: 

Month/Year:

Fluoridation Monthly Operations Report Form

for Fluoride Acids

Washington Certification No.:
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6

Count within Range

Percent within Range
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0
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The Department of Health supports water 

fluoridation as a sound population-based 

public health measure, and supports 

communities in their efforts to maintain and 

fluoridate community water supplies.

Raw Water Data:

 

Lab Result:

 

0

0

0

System Name :

5

Manufacturer:

12 0

Date

Prev.

0

1

 

27

28

22

23

25

18

19

20

14

15

26

16

17
SPADNS Electrode

Yes

Fluorosilicic Acid Sodium Fluorosilicate



If you need this publication in an alternative format, call 800.525.0127 (TDD/TTY call 711).

This and other publications are available at: http://www.doh.wa.gov/drinkingwater

Explain cause and corrective actions taken for each interruption/overfeed.

(Use this page to the report if these occurred during the month.  Add additional pages, if needed.)

Cause and ResponseDate(s)

System ID: 0

FIP No: 0 Month/Year: 01/00/00

Contact Name: 0 Phone #: -

System Name : 0

Fluoridation Monthly Operations Report - Supplemental Form

http://www.doh.wa.gov/drinkingwater


Date:

Please send report to: Fluoride@doh.wa.gov (preferred) OR PO BOX 47822, Olympia, WA  98504-7822  OR  Fax: 360-236-2252

Certified Officer Signature:



Fluoridation 

Monthly Operations Report 

Guidance 
331-573 • Updated 10/1/2018 

 

DOH 331-573 -1- 

We designed this guide to help public water systems prepare monthly operating reports (MORs) for 

fluoride to the state Department of Health Office of Drinking Water (Department). We included sample 

MOR templates for sodium fluoride saturators (form 331-496) and fluorosilicic acid or sodium 

fluorosilicate (form 331-497). 

 

Copies of the templates are on our Fluoride for Water Systems webpage.  

 

We designed these templates in Microsoft Excel to automate some features.   

 

The following cells in Form 331-496 are automated. 

 Header information Page 2 (system name, system ID, FIP No, Month/Year, Contact 

Name,  and Phone #) auto populates from information you enter on page one. 

 Volume Treated Column.   

 Fluoride Additive Added To Total.  

 Fluoride Additive Volume Used Total.  

 Monitored Calculated Dosage Min, Max, Avg, Count Total, Count within Range, and 

Percent within Range.  

 Monitored Field Tested Result Min, Max, Avg, Count Total, Count within Range, and 

Percent within Range.  

The following cells in Form 331-497 are automated. 

 Header information Page 2 (system name, system ID, FIP No, Month/Year, Contact 

Name, and Phone #) auto populates from information you enter on page one. 

 Volume Treated Column. 

 Fluoride Additive Quantity Used Total.  

 Monitored Calculated Dosage Min, Max, Avg, Count Total, Count within Range, and 

Percent within Range. 

 Monitored Field Tested Result Min, Max, Avg, Count Total, Count within Range, and 

Percent within Range. 
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Sodium Fluoride Saturators: Form 331-496 

This section explains how to complete the sodium fluoride saturator form. 

 

 
  



 -3- 

Section  Form Header Information 
 

Enter water system name registered with the Department. 
 

Enter the 5–6 character water system ID number. 
 

Enter Fluoride Injection Point (FIP) number. 

 

Enter month/year of report. 
 

Enter primary contact name for all fluoride related questions.  

 

Enter phone number of primary contact. 

 

Section  Date 

 

This section lists the day of the month, starting with a Prev cell. Enter the last reading from previous 

month’s report in the Meter Reading cell column, to right of the cell marked Prev. 

 

 
 

Section  Water Production 

 

Enter your daily water production meter reading (in thousands of gallons) under Meter Reading in 

the corresponding day’s cell. 

 

The Volume Treated (1000 gallons) is the difference between that day’s reading and the previous 

day’s reading. 

 

Section  Fluoride Additive 

 

Enter the number of pounds of sodium fluoride added to the saturator on any given day during the 

month in the Added To column. 
 

Enter the meter reading (in gallons) from the fluoride saturator water supply line in the Meter 

Reading column. 
 

Enter the amount of saturated fluoride solution used on any given day in the Volume Used column. 

(This is the difference between today’s Meter Reading and yesterday’s Meter Reading .) 

 

Section  Monitoring 

 

Enter the calculated fluoride concentration based on the raw water fluoride levels added to the 

calculated added fluoride in the Calculated Dosage column. 

 

Calculated Dosage Example 
 

 
 

Enter the daily fluoride field result in the Field Test column. Either a single daily value or an average 

of all daily sample values if you take more than one sample during the day.   

  

((18,000 × Fluoride Volume Used) ÷ Water Volume Tested) + Raw Water Data 
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Section  Monthly Totals 

 

The Calculated Dosage and Field Test Min, Max, Avg, Count Total, Count within Range, and Percent 

within Range automatically calculate with an embedded formula. However, if the formulas fail, 

please calculate the Calculated Dosage totals and Field Test Results totals by:  
 

Min―Enter minimum value for month. 
 

Max―Enter maximum value for month. 
 

Avg―Enter calculated average of all monthly results. 
 

 
 

Count Total―Enter number of results entered for month. 
 

Count within Range―Number of results within 0.5–0.9 mg/L. 
 

Percent within Range―Percentage of total results within 0.5–0.9mg/L. 
 

 
 

Section  Raw Water Data 

 

Enter most recent certified laboratory result for fluoride concentration of your raw water. 
 

Section  Fluoride Additive Data 

 

Enter manufacturer information for your fluoride additive. 
 

Section  Testing and Monitoring  

 

Enter make and model of instrument used for field monitoring  

 

Section  Weekly Instrument Calibration  

 

After instrument calibration; enter date, concentration of calibration standard, and result from 

analysis of calibration standard.  
 

Section  Monthly Split Sample 

 

Enter date when split sample was taken and result from certified lab. Results entered in the field 

result cell on the day the split sample was taken must correspond with the field result reported to 

the certified lab when split sample was submitted.   
 

Section  Process Interruption  

 

Enter start date/time and end date/time of any process interruption. On the second page, there 

must be a detailed account of the cause and response for every process interruption. 
 

Section  Certified Operator Sign-off 

 

A state certified operator must either manually or electroincially sign and date page one and page 

two. On page one, the certified operator must provide their Washington Certification Number.   

  

Calculation: Summation of all of the results ÷ the total number of results 

Calculation: ((number of samples within range ÷ total number of samples) × 100) 
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Fluorosilicic Acid/Sodium Fluorosilicate: Form 331-497 

This section explains how to complete the Fluorosilicic Acid/Sodium Fluorosilicate form. 
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Section  Form Header Information 
 

Enter water system name registered with the Department. 
 

Enter the 5–6 character water system ID number. 

 

Enter Fluoride Injection Point (FIP) number. 

 

Enter month/year of report. 

 

Enter primary contact name for all fluoride related questions. 
 

Enter phone number of primary contact. 

 

Section  Date 

 

This section lists the day of the month, starting with a Prev cell. Enter the last reading from the 

previous month’s report in the Meter Reading cell to right of the cell marked Prev. 

  

 
 

Section  Water Production 

 

Enter your daily water production meter reading (in millions of gallons) under Meter Reading in the 

corresponding day’s cell. 
 

The Volume Treated (MG) is the difference between that day’s reading and the previous day’s 

reading. 

 

Section  Fluoride Additive 

 

Enter number of gallons or pounds (circle one) remaining in the additive storage tank in Total 

Remaining column. 
 

Enter amount of gallons or pounds (circle one) of additive used in Quantity Used column. This is 

the difference between the today’s Total Remaining and yesterday’s Total Remaining. 

 

Section  Monitoring 

 

Enter the calculated fluoride concentration based on the raw water fluoride levels added to the 

calculated added fluoride in the Calculated Dosage column. 

 

Calculated Dosage Example (based on 23% acid concentration). 
 

 
 

Enter the daily fluoride field result in the Field Tested Result column. This is either a single daily 

value or an average of all daily sample values if more than one sample is taken during the day.   

  

((Fluoride Quanity Used (lbs) × 0.79 × 0.23) ÷ (Water Volume Treated (MG) × 8.34)) + Raw Water Data  
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Section  Monthly Totals 

The Calculated Dosage and the Field Test Min, Max, Avg, Count Total, Count within Range, and 

Percent within Range are automatically calculated with an embedded formula . However, if those 

formulas fail, please calculate Calculated Dosage totals and Field Test Results totals by:  
 

Min―Enter minimum value for month. 
 

Max―Enter maximum value for month. 
 

Avg―Enter calculated average of all monthly results. 
 

 
 

Count Total―Enter number of results entered for month. 
 

Count within Range―Number of results within 0.5–0.9 mg/L. 
 

Percent within Range―Percentage of total results within 0.5–0.9mg/L. 
 

 
 

Section  Raw Water Data 

 

Enter most recent certified laboratory result for fluoride concentration of your raw water. 
 

Section  Fluoride Additive Data 

 

Mark which type of acid you are using. 

Enter manufacturer information for your fluoride additive. 

Mark if additive is ANSI-NSF Standard 60 approved. 

Enter percent strength of acid used. 

Enter Specific Gravity of acid used. 

 

Section  Testing and Monitoring  

 

Enter make and model of instrument used for field monitoring  

 

Section  Weekly Instrument Calibration  

 

After instrument calibration; enter date, concentration of the calibration standard, and result from 

analysis of the calibration standard.  
 

Section  Monthly Split Sample 

 

Enter the date when the split sample was taken and result from the certified lab. The result entered 

in the field result cell on the day the split sample was taken must correspond with the field result 

reported to the certified lab when the split sample was submitted.   
 

Section  Process Interruption  

 

Enter start date/time and end date/time of any process interruption. On the second page, there 

must be a detailed account of the cause and response for every process interruption. 
 

Section  Certified Operator Sign-off 

 

A state certified operator must either manually or electroincially sign and date page one and page 

two. On page one the certified operator must provide their Washington Certifaction Number.   

Calculation: Summation of all of the results ÷ the total number of results  

Calculation: ((number of samples within range ÷ total number of samples) × 100) 
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The Department must receive all completed forms by the tenth of the following month for which you 

are reporting.   

 

E-mail (preferred method) forms to: Fluoride@doh.wa.gov.  

Or mail to 

Department of Health 

Attn: Fluoride Program 

PO BOX 47822 

Olympia, WA  98504-7822   

 

Fluoride Program Contact Information 

Technical Support  Compliance Support 

Stephen Baker Andy Schut 

(360) 236-3138 (360) 236-3197 

stephen.baker@doh.wa.gov andy.schut@doh.wa.gov 

 

 

To request this document in another format, call 1-800-525-0127. Deaf or hard of 
hearing customers, please call 711 (Washington Relay) or email 
civil.rights@doh.wa.gov. 



Engineering, Design, and Water Treatment 

Recommended Actions Following 
Fluoride Overfeed 
331-609 • 7/31/2018 

If you need this publication in an alternative format, call 800.525.0127 
(TDD/TTY call 711). This and other publications are available at 
www.doh.wa.gov/drinkingwater. 

In the event of an overfeed, immediately determine the fluoride level, and then take action based on the table below. 

FLUORIDE 
LEVEL 
(mg/L) ACTIONS RECOMMENDED 

<2.0 1. Leave the fluoridation system on. 
2. Determine what has malfunctioned and correct or repair it. 

2.1 to 4.0 1. Leave the fluoridation system on. 
2. Notify your supervisor, and report the incident to your DOH regional drinking water office (or after-

hours hotline number¹). 
3. Determine what has malfunctioned and immediately correct or repair. 
4. Measure and record fluoride content of water samples at several points in the distribution system to 

identify extent of excessive level. 
5. Tier 3 public notification of the overfeed occurrence is required as soon as practical but no later than 

12 months after the exceedance (such as in an annual consumer confidence report). 

4.1 to 30 1. Immediately turn off the fluoridation feed system, but leave on-line monitors ON. 
2. Promptly notify your supervisor, and report the incident to your DOH regional drinking water office (or 

after-hours hotline number¹). 
3. Measure and record fluoride content of water samples at several points in the distribution system to 

identify extent of excessive level. Save 125 mL portion of each sample for future reference. 
4. Determine duration of exceedance, and whether excessive fluoride content could have reached 

customers.  
5. Determine what has malfunctioned and repair it. Once levels are reduced to less than 4.0 mg/L, and 

with supervisor's and state’s permission, restart the fluoridation system. 
6. If initial and distribution system confirmation samples are 4.1 mg/L or greater, Tier 2 public notice of 

the exceedance is required (as soon as practical, but no later than 30 days after the exceedance). 

>30 1. Immediately turn off the fluoridation feed system, but leave on-line monitors ON. 
2. Promptly notify your supervisor, and report the incident to your DOH regional drinking water office (or 

after-hours hotline number¹). 
3. Measure and record fluoride content of water samples at several points in the distribution system to 

identify extent of excessive level. Save 125 mL portion of each sample for future reference. 
4. Determine duration of exceedance, and whether excessive fluoride content could have reached 

customers. 
5. If initial and distribution system confirmation samples are 30.1 mg/L or greater Tier 1 public 

notification is required. Issue “Do Not Drink” warning. 
6. Open hydrants to flush mains. “Do Not Drink” public notice can be rescinded once levels are reduced 

to less than 4.0 mg/L. Record these measurements. 
7. Determine what has malfunctioned and repair it. With supervisor's and state’s permission, restart the 

fluoridation system. 

¹DOH After-Hours Emergency Line (for Purveyors/Water Systems only) 1-877-481-4901. 



Engineering, Design, and Water Treatment 

Fluoridation Treatment Quality Award 
Program 
331-610 • 7/31/2018 

If you need this publication in an alternative format, call 800.525.0127 (TDD/TTY call 711). This and 
other publications are available at www.doh.wa.gov/drinkingwater. 

To support the benefits of water fluoridation 
and recognize water treatment facilities that 
do an outstanding job of providing a consistent 
level of fluoride in the water supply, the 
Washington State Department of Health (DOH) 
and the National Centers for Disease Control 
and Prevention (CDC) commend public water 
systems that achieve optimal fluoridation 
levels with an annual Water Fluoridation 
Quality Award. Earning these awards 
represents a high level of operator care and 
accomplishment. 

CDC issues the certificates annually to state 
oral health programs, which are then 
responsible for distributing the award 
certificates to the recipient communities.  

These awards are important to community 
water systems because they recognize 
achieving high water quality standards that 
water systems can promote in their consumer 
communications. 

The DOH Office of Drinking Water reviews and 
evaluates the monthly operating reports to 
identify those water systems that meet the 
highest standards for control and accuracy in 
water fluoride treatment, monitoring and 
reporting. For a water system to be eligible, its 
performance must be documented by the 
state in the Water Fluoridation Reporting 
System (WFRS). The information from these 
reports identifies systems that qualify for the 
Water Fluoridation Quality Award. 

 

Optimization Criteria 

Adequate Points of 
Addition 

All active sources* (including interties) continuously and optimally 
fluoridated for at least 11 months per calendar year 
*Not required of emergency or seasonal sources that operate less than 90 days/year. 

Adequate Monitoring Daily monitoring samples analyzed for each point of fluoride addition 
operating for two hours or more on any given day 

Calculated dose computed daily from records of water production and 
additive used 

Background fluoride levels in untreated raw source water analyzed by 
certified laboratory at least once per calendar year 

Adequate Split 
Samples 

Monthly split sample(s) analyzed for each point of addition operating for 
five or more days in any given month 

At least 12 monthly split samples submitted to certified lab per calendar year 

Operator and lab split sample results must be within +/- 0.20 mg/L 
tolerance 

Optimal Fluoride 
Concentration and 

Control Range 

Target fluoride concentration is 0.7 mg/L 

Optimal monthly average is a minimum of 0.7 mg/L 
• Lowest optimal concentration is 0.6 mg/L 
• Highest optimal concentration is 0.9 mg/L 

75% of daily samples must be between 0.6 and 0.8 mg/L 

Reporting Monthly operations reports complete and received by the tenth of the 
following month. 
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(current as of Jan 2014) 

1 

WASHINGTON STATE DEPARTMENT OF HEALTH 
PURIFICATION PLANT CRITERIA WORKSHEET       ABC Classification: WTPO  
Water Treatment Plant - address and contact person 
Plant Name                          City of Spokane Water Department WA WFI #          26050 Q 
Contact Name and Title       Seth McIntosh – Water System & Hydroelectric Plant Manager 
Address                               914 E North Foothills Dr  
City/State/Zip                         Spokane, WA, 99207 
Phone and Fax                  509-742-8154 | Cell: 509-847-9415    
A groundwater supply with only chlorination is considered a distribution system, not a water treatment facility.  The addition of any 
chemical to a public water supply, other than a disinfectant, will be considered a treatment facility and should use this rating 
worksheet to determine the classification of the facility.*   Unless otherwise noted, give full amount of points in the “Your Plant” box. 
For example: 
        Raw water quality is subject to or has elevated:   Points  Your Plant 
Correct:  Taste and/or odor levels        3        3 
Incorrect: Taste and/or odor levels       3        1 
Do not double count.  If the plant has two horizontal-flow (rectangular basins), DO NOT give 10 points, give 5 points.  If the plant 
has more than one type of unit for each process, give points once for each unit. 
 
*With the exception of unit processes installed to allow in-line fluoridation, in-line chlorination, or chemical addition to inhibit 
corrosion are not included within the scope of the term “purification plant” per WAC 246-292-010.    

Item  
Points  
Possible  Your Facility 

Size     
Design flow average day, or peak month s average day, whichever is larger  (1 point per  
0.5 MGD. Round up.) Design flow: Consider this to be the design capacity of the plant. Examples:    9.2 
MGD = 19 points  4.7 MGD = 10 points   (20 points maximum allowed)  

1-20 20 

Water Supply Sources  (Rating based on public health significance)     

Seawater/saltwater          0  

Groundwater         0  

Groundwater under direct influence of surface water (GWI)         8  

Surface water       10  

Average Raw Water Quality Variation - Applies to all sources (surface and groundwater). Key is the effect on 
treatment process changes that would be necessary to achieve optimized performance.  

•   Little or no variation - no treatment provided except disinfection (0 points)  
•   Minor variation - e.g. "high quality" surface source appropriate for slow sand filtration (1 point)  
•   Moderate variation in chemical feed, dosage changes made: monthly (2 points),  

weekly (3 points), or daily (4 points)  
•   Variation significant enough to require pronounced and/or very frequent changes (5 points)  
•   Severe variation - source subject to non-point discharges, agricultural/urban storm  

runoff, flooding (7 points)  
•   Raw water quality subject to agricultural or municipal waste point source discharges  (8 points)  
•   Raw water quality subject to industrial waste pollution (10 points)  

0-10 0 

Raw water quality is subject to:     
• Taste and/or odor for which treatment process adjustments are routinely made        2  

• Color > 15 CU (not due to precipitated metals) - see exceptions in Note I at end of table.         3  

• Iron or/and manganese > MCL:  Fe (2 points), Mn (3 points)  (3 points maximum allowed)  
        see exceptions in Note 1 at end of Table 1  

2-3  

• Algal growths for which treatment process adjustments are routinely made          3  



2 
 

Item      Points  
Possible  

Your Facility 

Chemical  Treatment/Addition Processes  
Fluoridation 4 4 
Disinfection/Oxidation  (Note: Points are additive to a maximum of 15 points allowed for this 
category.) 
CHECK  ALL THAT APPLY: 
•   Chlorination: 

•  Hypochlorites (5 points)  
•  If generated on site  (add 1 point)  

•  Chlorine gas (8 points) x 
•  Chloramination (10 points)  
•  Chlorine dioxide (10 points)  

•   Ozonation (10 points)  
•   UV Irradiation (2 points)  
•   Iodine, Peroxide, or similar (5 points)  
•   Potassium permanganate (4 points)   (If used with greensand filtration do not give 4 points) 

0-
15 

 
 
 
 
 
 
 
 
 
 
 
8 

pH adjustment for process control (e.g. pH adjustment aids coagulation) 4  
Stability or Corrosion Control (If the same chemical is used for both Corrosion 
Control and pH adjustment, count points only once) 

4  

Coagulation/Flocculation  & Filter  Aid  
Primary coagulant addition 6  
Coagulant aid / Flocculant chemical addition  (in addition to primary coagulant use) 2  

Flocculation 2  
Filter aid addition (Non-ionic/anionic polymers) 2  

Clarification/Sedimentation  
Sedimentation (plain, tube, plate) 4  
Contact adsorption 6  
Other clarification processes (air flotation, ballasted clarification, etc.) 6  

Upflow clarification ("sludge blanket clarifier") 2 8  

Filtration   
Granular media filtration (Surface water/GWI) ≤ 3 gpm/sq ft 10  
Granular media filtration (Surface water/GWI)  3 gpm/sq ft 20  
Groundwater filtration 6  
Membrane filtration 
•   For compliance with a primary regulation (10 points) 
•   For compliance with a secondary regulation (6 points) 

6-10  

Diatomaceous earth (pre-coat filtration) 10  
Cartridge/bag 5  
Pre-filtration (staged cartridges, pressure sand w/o coagulation, etc.): add one point per stage to 
maximum of 3 points 

1-3  

Slow sand 5  
Other Treatment Processes  

Aeration 3  
Air stripping  (including diffused air, packed tower aeration) 5  
Ion-exchange/softening 5  
Greensand filtration 10  
Lime-soda ash softening  (includes: chemical addition, mixing/flocculation/ 
clarification/filtration - do not add points for these processes separately) 

20  

 



(current as of Jan 2014) 
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Item      Points  
Possible  

Your Facility 

Granular activated carbon filter (do not assign points when included as a bed layer in another filter) 5  

Powdered activated carbon 2  
Blending sources with significantly different water quality 
•   To achieve MCL compliance (4 points) 
•   For aesthetic reasons (2 points) 

2-4  

Reservoir management employing chemical addition 2  
Electrodialysis 15  

Other:  Certification authority may assign 2 to 15 additional points for processes not listed elsewhere in 
this document. 
(Specify:        ) 

2-15  

Residuals Disposal   
•   Discharge to surface, sewer, or equivalent ( 0 points) 
•   On-site disposal, land application (1 point) 
•   Discharge to lagoon/drying bed, with no recovery/recycling - e.g. downstream outfall (1 point) 
•   Backwash recovery/recycling: discharge to basin or lagoon and then to source 

(2 points) 
•   Backwash recovery/recycling: discharge to basin or lagoon and then to plant intake (3 points) 

0-3  

Facility Characteristics   
Instrumentation -  Use  of  SCADA or  similar instrumentation systems to  provide data, with: 
•   Monitoring/alarm only, no process operation - plant has no automated shutdown capability (0 

points) 
•   Limited process operation  - e.g. remote shutdown capability (1 point) 
•   Moderate process operation - alarms and shutdown, plus  partial remote operation of plant (2 

points) 
•   Extensive or total process operation - alarms and shutdown, full remote operation of plant 

possible (4 points) 

0-4 4 

 

          Total Score:____36______ 
See WAC 246-292-050 for minimum certification requirements:  
 
Class I ..................... 30 points or less   Class III................... 56-75 points 
Class II .................... 31-55 points    Class IV .................. 76 points and greater 
 
 
Worksheet Completed by: ___________________________________________________________________  
 
Phone: _________________________   Effective Date of Treatment: ____________________ 

 
1   Raw water quality is subject to: 

   Taste and/or odor for which treatment process adjustments are routinely made (2 points):  

1) T&O issue has been identified in a pre-design report, etc., 

2) a process has been installed to address, and  

3) operational control adjustments are made at least seasonally.   

Do not give points for T&O when there is no specific additional impact on operation.  E.g. if a system is already pre-
chlorinating for disinfection, give no points for T&O. 

   Color > 15 CU (not due to precipitated metals) (3 points) with following exceptions: Color will be considered 
elevated and points assigned when levels exceed 75 Color Units (CU) for conventional filtration, 40 CU for direct 
filtration, or 15 CU for all other technologies,  except reverse osmosis (no points given for color for reverse 
osmosis). 
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   Iron and/or manganese > MCL:  Fe (2 points), Mn (3 points) (3 points maximum allowed) with following 
exceptions. Iron and manganese levels will be considered elevated and points assigned if they are greater than the 
MCL, except for applications of manganese greensand filters. For applications of manganese greensand filters, iron and 
manganese levels will be considered elevated when their combined level exceeds 1.0 mg/L (3 points allowed). 

 

   Algal growths for which treatment process adjustments are routinely made (3 points): Raw water will be considered 
subject to algae growths when treatment processes are  specifically adjusted due to the presence of high levels of algae 
on at least a weekly basis for at least two months each year. 
 
2  Upflow  clarification ("sludge blanket clarifier") - 8 points - Also known as sludge blanket clarification.  Includes 
such proprietary units as Super-Pulsator. These units include processes for flocculation and sedimentation. Important 
note: these are not the same as adsorption clarifiers. 

 
Water Treatment Definitions 

 
 
Definitions reprinted from "Master Glossary of Water and Wastewater Terms," 
[http://www.owp.csus.edu/glossary/glossary.php], with permission from Office of Water Programs, California 
State University, Sacramento.  

 
Adsorption 
The gathering of a gas, liquid, or dissolved substance on the surface or interface zone of another material. 

 
Aeration 
The process of adding air to water. Air can be added to water by passing air through water or passing water 
through air.  
Air stripping 
A treatment process used to remove dissolved gases and volatile substances from water. Large volumes of air are 
bubbled through the water being treated to remove (strip out) the dissolved gases and volatile substances.  
Chloramination 
The application of chlorine and ammonia to water to form chloramines for the purpose of disinfection.  
Diatomaceous earth 
A fine, siliceous (made of silica) "earth" composed mainly of the skeletal remains of diatoms.  
Direct filtration 
A method of treating water which consists of the addition of coagulant chemicals, flash mixing, coagulation, 
minimal flocculation, and filtration. The flocculation facilities may be omitted, but the physical-chemical 
reactions will occur to some extent. The sedimentation process is omitted.  
Electrodialysis 
The selective separation of dissolved solids on the basis of electrical charge, by diffusion through a 
semipermeable membrane across which an electrical potential is imposed. 

 
Reverse osmosis 
The application of pressure to a concentrated solution which causes the passage of a liquid from the concentrated 
solution to a weaker solution across a semipermeable membrane. The membrane allows the passage of the water 
(solvent) but not the dissolved solids (solutes).  
SCADA system 
The Supervisory Control And Data Acquisition system is a computer-monitored alarm, response, control and data 
acquisition system used by drinking water facilities to monitor their operations.  
Stabilization 
Processes that convert organic materials to a form that resists change. Organic material is stabilized by bacteria 

http://www.owp.csus.edu/glossary/glossary.php
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which convert the material to gases and other relatively inert substances. Stabilized organic material generally will 
not give off obnoxious odors. 
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835 NORTH POST, SUITE 201  |  SPOKANE, WA 99201  |  P 509.328.3371 

TECHNICAL MEMORANDUM 

DATE: May 4, 2023 

TO: City of Spokane 

FROM: Parametrix and Murraysmith 

SUBJECT: Updated Task 4 – Fluoride Regulatory and Planning Review 

CC:   

PROJECT NUMBER: 376-4109-001 
  

INTRODUCTION 

The Preliminary Engineering Study for Fluoridation (Study) is to provide a comprehensive understanding of the 
ramifications of implementing fluoridation of the City of Spokane’s water system. Task 4 – Fluoride Regulatory 
and Planning Review of the Study is to identify and review code and industry recommendations for fluoride feed 
and monitoring systems and identify any conflicts with existing City planning documents and water agreements. A 
review of local, state, and national regulatory requirements, City planning documents, and applicable City water 
service agreements as they pertain to fluoridation system implementation and design. The City must thoroughly 
analyze the implications of fluoridation implementation, including the effects of fluoride chemical feed systems 
on existing facilities, continuous operations and maintenance, and safety.  

BACKGROUND 

The City of Spokane operates the third largest water system in the state of Washington. The Water Department’s 
priority is continuing to deliver safe, high-quality drinking water to its residents with efficient operations, while 
keeping rates affordable for our community. To inform future decisions, the City is completing a feasibility study 
to better understand the costs and implementation steps associated with providing fluoridated water to the 
community. The study will take about a year and a half to complete and is fully paid for with grant funds. City of 
Spokane’s elected leaders are committed to a full and transparent public process throughout, including a public 
engagement period once the study is complete. 

The City is committed to thoughtful preparation, asset management, ongoing education regarding the purpose of 
this study, and implementation planning, as well as a complete understanding of the alternatives and implications 
for installing the fluoride chemical feed system that utilizes the best alternative. Murraysmith and Parametrix are 
performing this Study to meet the City’s goals and offer a comprehensive understanding of the ramifications of 
implementing one of the proposed fluoride system alternatives. 

TASK 4 – FLUORIDE REGULATORY AND PLANNING REVIEW 

Subtask 4.1 – Regulatory Review 

As a part of Subtask 4.1, Parametrix reviewed national, state, and local regulatory requirements as it relates to 
fluoridated water systems. The following is a list of documents reviewed:  
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Washington State Legislature Engrossed Substitute House Bill (ESHB) 1251 

The Washington State Legislature passed the ESHB 1251 on February 9, 2023, which is an act relating to water 
systems' notice to customers of public health considerations. The bill relates to the fluoridation of municipal 
water supplies in the state of Washington and will add a new section to chapter 70A.125 of the Revised Code of 
Washington (RCW). Specifically, the bill requires that a public water system that is considering commencing or 
discontinuing fluoridation of its water supply shall notify its customers and the department of its intentions at 
least 90 days prior to a vote or decision on the issue. This notification can be made by any method that effectively 
notifies its customers i.e., radio, television, newspaper, mail, or electronically. Any public water system that 
violates the notification requirements shall return the fluoridation of its water supply to its previous level until the 
required notification has been provided. The bill takes effect 90 days after adjournment of the session in which 
the bill is passed, therefore the new section to RCW 70A.125 will take effect June 15, 2023 (House Bill Report 
ESHB 1251, 2023). The following is a link to this information: https://apps.leg.wa.gov/documents/billdocs/2023-
24/htm/bill%20reports/House/1251-S.E%20HBR%20APH%2023.htm  

Washington State Department of Health Guidance 

Regulations 

The State Board of Health (Board) updated and adopted WAC 246-290-460, fluoridation of drinking water, on 
May 9, 2016. The major changes to the rule include the following: 

• Purveyors will notify the Department of Health (DOH) before permanently discontinuing fluoridation. 

• Optimization level is 0.7mg/L. 

• New terminology: 

➢ Operating Tolerance – Daily sampling results must fall between 0.5 – 0.9 mg/L. 

➢ Off Measure – The drinking water certified laboratory results differ by more than 0.2 mg/L from the 
purveyor’s analytical results. 

• Starting July 2016, purveyors must use the required department’s Monthly Operating Reports listed 
below. 

• Starting in January 2017, water systems will be automatically enrolled in the fluoride optimization 
program (F-TOP). 

• Starting January 2017, water system’s monthly fluoride performance will be tracked in the Center for 
Disease Control (CDC) Water Fluoridation Reporting System (WFRS) (Floride for Water Systems, 2022). 

If the City decides to fluoridate the municipal water supply, these procedures will need to be taken into 
consideration. 

Required Reports and Forms  

The DOH requires monthly operating reports (MOR) from water districts who fluoridate. If the City decides to 
fluoridate the water system, MORs will be required. These forms are generated in an unprotected Excel format 
and can be customized for use. Links to the forms are provided below. 

• Monthly Operations Report for Sodium Fluoride Saturators (Excel) 

• Monthly Operations Report for Fluoride Acids (Excel) 

https://app.leg.wa.gov/wac/default.aspx?cite=246-290-460
https://doh.wa.gov/sites/default/files/legacy/Documents/Pubs/331-496-F.xlsx
https://doh.wa.gov/sites/default/files/legacy/Documents/Pubs/331-497-F.xlsx
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• Fluoridation Monthly Operations Report Guidance (PDF) 

Overfeed Guidelines 

The DOH provides information on appropriate actions to take in the event of an overfeed of fluoride to the water 
system. If the City decides to fluoridate, the City will be required to ensure that proper remediation actions are 
taken if there is an overfeed of fluoride to the municipal water system. The recommended actions information is 
provided in the following link: https://doh.wa.gov/sites/default/files/legacy/Documents/Pubs//331-
609.pdf?uid=625ef4322a954. 

Washington State Administrative Code (WAC)  

Section 246-290-460 of the WAC outlines information regarding the fluoridation of drinking water and references 
other applicable WAC sections. 

WAC 246-290-460  

Final Significant Rule Analysis Full Report March 2016 

This document provides requirements for Washington Administrative Code (WAC) 246-290-460, Fluoridation of 
Drinking Water, and sets the allowed fluoridation concentration range for water systems that add fluoride to its 
water for dental health benefits. To meet these obligations, both the Board and DOH rely on federal agencies that 
evaluate best available science to guide rulemaking and program administration. For standards regarding the 
safety of drinking water, the Board and DOH rely predominantly on the U.S. Environmental Protection Agency 
(EPA). For setting the optimal fluoride concentration, the DOH relies predominantly on guidance from U.S. 
Department of Health and Human Services (HHS) (Final Significant Rule Analysis, 2016). The following is a link to 
the referenced document. https://doh.wa.gov/sites/default/files/legacy/Documents/4200//FINALFluorideSA.pdf. 

This section of the WAC sets the fluoridation concentration range for Group A public water systems that 
fluoridate. It also provides guidance for the requirements of fluoridation treatment facilities, including fluoridation 
start and discontinuation notice guidelines, optimal fluoride concentrations, monitoring, and recording. 
https://apps.leg.wa.gov/wac/default.aspx?cite=246-290-460.  

If the City decides to fluoridate, it will be required to ensure that fluoride levels are set to DOH standards. 

WAC 246-290-71002: Public Notice Content 

This section of the WAC provides requirements for the public notice of water sample results, violations, health 
risks, and steps taken to remedy the situation. The following is a link to this section:  
https://app.leg.wa.gov/WAC/default.aspx?cite=246-290-71002. 

If the City decides to fluoridate, it will be required to provide this public notice. 

WAC 246-290-71004: Public Notification Mandatory Language  

This section of the WAC provides requirements for public notice and specific health effects language and other 
standard language in the notification of the exceedance of the secondary maximum contaminant level (MCL) for 
fluoride and when issued a category red operating permit. The following is a link to this section: 
https://apps.leg.wa.gov/WAC/default.aspx?cite=246-290-71004. 

https://doh.wa.gov/sites/default/files/2022-02/331-573.pdf
https://doh.wa.gov/sites/default/files/legacy/Documents/Pubs/331-609.pdf?uid=625ef4322a954
https://doh.wa.gov/sites/default/files/legacy/Documents/Pubs/331-609.pdf?uid=625ef4322a954
https://doh.wa.gov/sites/default/files/legacy/Documents/4200/FINALFluorideSA.pdf
https://apps.leg.wa.gov/wac/default.aspx?cite=246-290-460
https://app.leg.wa.gov/WAC/default.aspx?cite=246-290-71002
https://apps.leg.wa.gov/WAC/default.aspx?cite=246-290-71004
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If the City decides to fluoridate, it will be required to provide this language. 

WAC 246-290-71005: Special Public Notification Requirements 

This section of the WAC provides requirements for notifying the water system users of the availability of the 
results of monitoring for unregulated contaminants no later than 12 months after the monitoring results are 
known. The following is a link to this section: https://apps.leg.wa.gov/WAC/default.aspx?cite=246-290-71005. 

If the City decides to fluoridate, it will be required to provide this information to the public water users. 

WAC 246-290-135  

This section of the WAC explains how to set up a source water protection program in conjunction with the 
requirement that all Group A water systems keep a sanitary control area (SCA) around all drinking water sources 
to protect them from contamination. The following is a link to this section:  
https://apps.leg.wa.gov/WAC/default.aspx?cite=246-290-135. 

If the City decides to fluoridate, they will be required to meeting secondary containment requirements for storing 
fluoride chemicals within the defined SCA around all of their drinking water sources. 

RCW Requirements  

RCW 70A.125 Public Water Systems—Penalties and Compliance 

This section of the RCW states explains the penalties and compliance for Group A and B water systems. On 
February 9, 2023, the Washington State Legislature passed ESHB 1251. The bill relates to the fluoridation of 
municipal water supplies in the state of Washington and will add a new section to chapter 70A.125 of the RCW. 
The new section will include language regarding a public water systems notification process, compliance, and 
penalties when considering commencing or discontinuing fluoridation of its water supply (. The bill takes effect 90 
days after adjournment of the session in which the bill is passed, therefore the new section to RCW 70A.125 will 
take effect June 15, 2023 (House Bill Report ESHB 1251, 2023). The following is a link to this section: 
https://app.leg.wa.gov/RCW/default.aspx?cite=70A.125 

RCW 57.08.012 Fluoridation of Water Authorized 

This section of the RCW states that a water district by a majority vote of its board of commissioners may          
fluoridate the water supply system of the water district. The commissioners may cause the proposition of 
fluoridation of the water supply to be submitted to the water district at any general election or special election to 
be called for the purpose of voting on the proposition. The proposition must be approved by a majority of the 
electors voting on the proposition to become effective. If the City decides to fluoridate, they will be required to 
submit this proposition along with resulting voting process. The following is a link to this section:  
https://app.leg.wa.gov/rcw/default.aspx?cite=57.08.012 

International Fire Code (IFC) and Fire Department Requirements 

The IFC does not specifically call out any of the fluoride additives commonly used in community water systems; 
although it does provide guidelines for the indoor storage of highly toxic and toxic materials, which will in the case 
of storing fluorosilicic acid, sodium fluorosilicate, or sodium fluoride.  

https://apps.leg.wa.gov/WAC/default.aspx?cite=246-290-71005
https://apps.leg.wa.gov/WAC/default.aspx?cite=246-290-135
https://app.leg.wa.gov/RCW/default.aspx?cite=70A.125
https://app.leg.wa.gov/rcw/default.aspx?cite=57.08.012
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The code outlines storage requirements depending on the chemical and gives guidelines on equipment testing 
requirements, displaying of safety data sheets, and hazard identification signage to name a few. If the City were to 
fluoridate and store fluorosilicic acid, sodium fluorosilicate, or sodium fluoride, the recommendation would be to 
work with the local fire department on recommended codes and procedures. This item may need further review. 

The following is a link to this section of the code:  https://codes.iccsafe.org/content/IFC2021P1/chapter-50-
hazardous-materials-general-provisions#IFC2021P1_Pt05_Ch50_Sec5003.1.1 

Consumer Confidence Report (CCR) Requirements 

CCR documents provide a summary on the quality of the water provided to the community for the year. The 
federal EPA Safe Drinking Water Act (SDWA) requires that utilities issue an annual CCR to customers in addition to 
other notices that may also be required by law. This report details where the water comes from, what it contains 
(natural or additive), and the risks that water testing and water treatment are designed to prevent. If the City 
decides to fluoridate, it would be required to provide similar types of reports. As a examples from communities 
that currently fluoridate their water, links to the Cities of Cheney and Pullman CCR documents are provided 
below:  

City of Cheney, WA CCR (2021) 

http://cheneyks.org/images/Consumer_Water_2021.pdf 

City of Pullman, WA CCR (2021) 

https://p1cdn4static.civiclive.com/UserFiles/Servers/Server_15252867/File/Departments/M-
O/2021%20Consumer%20Confidence%20Water%20Report%20-%20Final.pdf 

Subtask 4.2 – City Planning Documents Review 

The team reviewed the following planning documents and municipal codes associated with past fluoridation 
resolutions to determine impacts to City planning associated with the fluoridation of the water system. 

City of Spokane Comprehensive Plan 

The 2017 City of Spokane Comprehensive Plan includes land use, capital facilities planning, transportation, 
housing, rural, and other chapters that address the needs of Spokane County for the next 20 years and ensures 
compliance with the Growth Management Act (GMA). There was no mention of or information pertaining to 
fluoride included in the City of Spokane Comprehensive Plan. 

Spokane Municipal Code (SMC) 

There was no mention of or information pertaining to fluoride included in the SMC. If the City decides to 
fluoridate, an ordinance adding a new section to SMC Chapter 13.04 directing the adjustment of the fluoride level 
in the Spokane water supply would need to be adopted. 

https://codes.iccsafe.org/content/IFC2021P1/chapter-50-hazardous-materials-general-provisions#IFC2021P1_Pt05_Ch50_Sec5003.1.1
https://codes.iccsafe.org/content/IFC2021P1/chapter-50-hazardous-materials-general-provisions#IFC2021P1_Pt05_Ch50_Sec5003.1.1
http://cheneyks.org/images/Consumer_Water_2021.pdf
https://p1cdn4static.civiclive.com/UserFiles/Servers/Server_15252867/File/Departments/M-O/2021%20Consumer%20Confidence%20Water%20Report%20-%20Final.pdf
https://p1cdn4static.civiclive.com/UserFiles/Servers/Server_15252867/File/Departments/M-O/2021%20Consumer%20Confidence%20Water%20Report%20-%20Final.pdf
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City Clerk 

A search of the City Clerk’s website revealed a City Council action memorandum dated August 31, 2004, for 
Council Action on August 23, 2004, which contains details on an ordinance that would be enacted if the 
proposition for fluoridation adjustment to the City’s municipal water were to pass. The following is the text of the 
proposed ordinance: 

Council Action Memorandum, August 31, 2004 

INITIATIVE 2004-1, FILED BY FLUORIDATION WORKS, PERTAINING TO THE CITY OF SPOKANE 
PERIODICALLY ADJUSTING THE FLUORIDE CONTENT OF ITS WATER SUPPLY WITHIN THE RANGE 
PRESCRIBED BY THE WASHINGTON STATE ADMINISTRATIVE CODE, AS PROVIDED BY ORDINANCE 
C33477 

During the Spokane City Council 3:30 p.m. Briefing Session held Monday, August 23, 2004, 
Deputy Mayor Jack Lynch advised that the City Clerk’s Office received notification from the 
County that the fluoride initiative did not meet the 5 percent threshold for the number of valid 
signatures required for submission of this ballot item on the November 2005 ballot. 
Subsequently, the Council took the following actions: The City ordained that there be added to 
SMC Chapter 13.04 a new section, designated SMC 13.04.045 to read as follows: 

13.04.045 Fluoride Adjustment 

An ordinance directing the adjustment of the fluoride level in the Spokane water supply; adding a 
new section to SMC Chapter 13.04; and providing for the submittal of a proposition to the 
electors of Spokane. 

The City of Spokane does ordain: 

Section 1. That there be added to SMC Chapter 13.04 a new section, designated 13.04.045, to 
read as follows: 

13.04.45 Fluoride Adjustment 

A. The chief executive officer from time to time determines a specific level, in accordance with 
state standards, to assure the healthful dental effects of fluoride for persons consuming such 
water. 

B. The city engineer takes whatever measures are necessary to adjust the fluoride level as 
determined under subsection A. 

Section 2. The initial determination of a specific fluoride level shall be made by February 28, 2001. 
The program for adjusting fluoride content shall begin as soon as practical, no later than 
December 31, 2001. 

Section 3. That this ordinance be submitted to the electors of the City of Spokane for their 
approval or rejection at a special municipal election to be held in conjunction with the state 
general election of November 7, 2000. If approved by the electors, this ordinance shall take effect 
and be in force upon issuance of the certificate of election by the Spokane County Auditor.  
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Impacts to the Urban Growth Area (UGA) 

The Spokane County Long Range Planning Program is responsible for preparing, maintaining, and 
updating the Spokane County Comprehensive Plan and the Urban Growth Area (UGA) boundary which 
guide the County’s and UGA’s future growth. The City would have to enlarge its service area to 
accommodate the additional acreage if the UGA were to increase its current boundary for future 
development. Infrastructure such as municipal water delivery would be provided by the City. If the City 
chose to fluoridate its water, the fluoridated water supply would have to be extended to the new 
boundary area. This would most certainly have an impact on capital improvement fund spending for extra 
infrastructure to ensure that fluoridated water is available throughout the expansion. Please refer to 
Figure 1 for a map, which outlines the UGA, current and future service areas. 
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Figure 1. City of Spokane retail service area map 
Source: (City of Spokane Water System Plan, 2016) 
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Public Infrastructure, Environment, and Sustainability Committee  

Parametrix reviewed past committee minutes for 2022 through April 26 of 2021, for the Public Infrastructure, 
Environment, and Sustainability Committee. There was mention of the UGA in the June 28, 2021, committee 
minutes. Below is the paragraph in which it is mentioned. 

“4. Retail water service area amendment  

Eldon Brown, Principal Engineer, head of Developer Services and Elizabeth Schoedel, Assistant 
City Attorney presented the retail water service area amendment, which would allow city water 
service to parcels located outside the Urban Growth Area (UGA), outside the City’s Retail Water 
Service (RWS) Area, but inside the City’s Future Water Service Area. There are four criteria under 
consideration in evaluating these parcels for water service. These include: 1) is water available in 
a timely and reasonable manner; 2) are there sufficient water rights available; 3) is there 
sufficient capacity to serve; and 4) is it consistent with requirements of local plans and 
regulations. Eldon reviewed the applications and explained which of the appropriate criteria 
applied to each request. Locations where water service applications have been received include: 
1) a facility in the Glenrose Prairie area that will provide public parks and recreation services; 
2) various parcels zones for single-home dwellings on Five Mile Prairie; 3) a property which 
operates an existing farm; and 4) various parcels located in Spokane County. The resolution must 
come to a public hearing before it is presented to City Council for approval.”  

(Public Infrastructure, Environment, and Sustainability, 2021). 

The City evaluates all water service requests according to the Duty to Provide Water Service Policy and 
Chapter 246-290 WAC. The City of Spokane Water Department, as a municipal water supplier, has a duty to 
provide service to all new connections requested in its retail service area. Service within the retail service area will 
be provided when the service connection request meets all four elements stated in RCW 43.20.260. 

Upon review of this document and the WAC 246-290 and RCW 43.20.260, the City will need to provide water 
services to any extension to the UGA and within the City’s service area. 

Subtask 4.3 – Wholesale-Direct Services Agreements Review 

The City of Spokane has intertie agreements with City of Airway Heights, Fairchild Air Force Base, City of Medical 
Lake, North Spokane Irrigation #8, Spokane County Water District #3, Vel View Water District #13, and Whitworth 
Water District #2. Parametrix reviewed the City’s intertie water service agreements. If the City decides to 
fluoridate the municipal water system, the current intertie agreements and water wholesale agreements will 
need to be amended to include fluoridation language. This item will need further review. 

List of Current Intertie Agreements 

• City of Airway Heights 

• Fairchild Air Force Base 

• City of Medical Lake 

• North Spokane Irrigation #8 

• Spokane County Water District #3 

https://apps.leg.wa.gov/wac/default.aspx?cite=246-290
https://apps.leg.wa.gov/RCW/default.aspx?cite=43.20.260
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• Vel View Water District #13 

• Whitworth Water District #2 

List of Current Wholesale Agreements 

• City of Airway Heights 

• Whitworth Water District #2 

• Spokane County Water District #3 

• Fairchild Air Force Base 

• Vel View Water District #13 

Source: https://static.spokanecity.org/documents/publicworks/water/spokane-water-system-plan-march-2016-
exhibits-appendices.pdf. 

Potential Impacts to Direct Service and Wholesale Water Agreements 

If the City decides to fluoridate the municipal water system, the current direct service and wholesale agreements 
would need to be amended to include information pertaining to fluoride being added to the water supply.  
Further, confirmation with DOH has indicated that there is not a requirement for a wholesale customer that 
receives fluoridated water through an intertie to fluoridate their other sources, even if blending fluoridated with 
non-fluoridated.  Thus, blending two sources, one that is fluoridated and one that is not fluoridated does not 
trigger a need for the wholesale customer to implement fluoridation in their own supply. 

Spokane Municipal Code and Ordinance Notification Requirements 

If the City decides to fluoridate the municipal water supply, it will need the City Council to draft an ordinance to 
be added to the Spokane Municipal Code as a subsection under Chapter 13.04 outlining guidelines pertaining to 
fluoridation. The Spokane Municipal Code outlined under Section 01.01.070, Publication of Code, provides 
notification requirements for the adoption of codes: 

Title 01 General Provisions 

Chapter 01.01 Adoption of Code 

Section 01.01.070 Publication of Code 

The Spokane Municipal Code shall be published pursuant to the following schedule and 
standards: 

A. The Spokane Municipal Code shall be republished on a calendar quarterly basis at the end 
of each calendar quarter. 

B. Each republication of the code shall include publication on the City’s website at the time 
of each republication. 

C. Publication on the City’s website shall include a search engine at the site of each 
republished code that is for the context of the code. 

D. Copies of each republication of the code shall be made available for download on the 
City’s website. The City will also provide a text-based format on CD to any database 
provider upon request, free of charge. 

https://static.spokanecity.org/documents/publicworks/water/spokane-water-system-plan-march-2016-exhibits-appendices.pdf
https://static.spokanecity.org/documents/publicworks/water/spokane-water-system-plan-march-2016-exhibits-appendices.pdf
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A link to the SMC is provided here: https://my.spokanecity.org/smc/?Section=01.01.070. 

The RCW outlines the below notification requirements for the adoption of codes: 

RCW 35.21.180 

Ordinances—Adoption of codes by reference. 

Ordinances passed by cities or towns must be posted or published in a newspaper as required by 
their respective charters or the general laws: PROVIDED, That ordinances may by reference adopt 
Washington state statutes and codes, including fire codes and ordinances relating to the 
construction of buildings, the installation of plumbing, the installation of electric wiring, health 
and sanitation, the slaughtering, processing and selling of meats and meat products for human 
consumption, the production, pasteurizing and sale of milk and milk products, or other subjects, 
may adopt by reference, any printed code or compilation, or portions thereof, together with 
amendments thereof or additions thereto, on the subject of the ordinance; and where 
publications of ordinances in a newspaper is required, such Washington state statutes or codes or 
other codes or compilations so adopted need not be published therein: PROVIDED, HOWEVER, 
That not less than one copy of such statute, code or compilation and amendments and additions 
thereto adopted by reference shall be filed for use and examination by the public, in the office of 
the city or town clerk of said city, or town prior to adoption thereof. Any city or town ordinance 
heretofore adopting any state law or any such codes or compilations by reference are hereby 
ratified and validated.  

A link to the RCW is provided here: https://app.leg.wa.gov/RCW/default.aspx?cite=35.21.180. 
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Well Electric 101,200.0$                                                

Well Electric Buildling
Concept Level Cost LCCA Cost (2023 Dollars) 2024 2025 2026 2027 2028

12% 8% 5% 5% 5%

Capital Cost (2023 Dollars)  50-Year Replacement Cost (2023 

Dollars) 

1 Mobilization 101,200$                                  

2 Electrical Equipment 48,400$                                    242,000$                                                   5,808.00$                                                  4,336.64$                                                  2,927.23$                                                  3,073.59$                                                  3,227.27$                                                  

3 PLC MicroLogic 1400 44,900$                                    224,500$                                                   5,388.00$                                                  4,023.04$                                                  2,715.55$                                                  2,851.33$                                                  2,993.90$                                                  

4 Metering Pump Skid 76,000$                                    152,000$                                                   9,120.00$                                                  6,809.60$                                                  4,596.48$                                                  4,826.30$                                                  5,067.62$                                                  

5 Bulk Storage Tank
89,200$                                    178,400$                                                   10,704.00$                                                7,992.32$                                                  5,394.82$                                                  5,664.56$                                                  5,947.78$                                                  

6 Day Storage Tank
20,600$                                    41,200$                                                      2,472.00$                                                  1,845.76$                                                  1,245.89$                                                  1,308.18$                                                  1,373.59$                                                  

7 Roll up Door 10,000$                                    -$                                                                 1,200.00$                                                  896.00$                                                      604.80$                                                      635.04$                                                      666.79$                                                      

8 Man Door 2,000$                                       -$                                                                 240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

9 Fluoride Analyzer 40,000$                                    200,000$                                                   4,800.00$                                                  3,584.00$                                                  2,419.20$                                                  2,540.16$                                                  2,667.17$                                                  

10 Backflow Preventer 6,000$                                       -$                                                                 720.00$                                                      537.60$                                                      362.88$                                                      381.02$                                                      400.08$                                                      

11 Static Mixer 163,200$                                  -$                                                                 19,584.00$                                                14,622.72$                                                9,870.34$                                                  10,363.85$                                                10,882.05$                                                

12 Transfer Pump 60,000$                                    120,000$                                                   7,200.00$                                                  5,376.00$                                                  3,628.80$                                                  3,810.24$                                                  4,000.75$                                                  

13 Secondary Containment 50,000$                                    -$                                                                 6,000.00$                                                  4,480.00$                                                  3,024.00$                                                  3,175.20$                                                  3,333.96$                                                  

14 Building 647 sf (@ $290)
187,600$                                  -$                                                                 

15 HVAC 6,500$                                       13,000$                                                      780.00$                                                      582.40$                                                      393.12$                                                      412.78$                                                      433.41$                                                      

16 Site Improvements 187,300$                                  37,460$                                                      22,476.00$                                                16,782.08$                                                11,327.90$                                                11,894.30$                                                12,489.01$                                                

17 Injection Line 3,900$                                       -$                                                                 468.00$                                                      349.44$                                                      235.87$                                                      247.67$                                                      260.05$                                                      

18 Sample Line 400$                                          -$                                                                 48.00$                                                        35.84$                                                        24.19$                                                        25.40$                                                        26.67$                                                        

19 Plumbing and Eyewash/Shower 2,000$                                       -$                                                                 240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

20 Drain Piping and Sewer 12,000$                                    -$                                                                 1,440.00$                                                  1,075.20$                                                  725.76$                                                      762.05$                                                      800.15$                                                      

21 Drain 2,000$                                       -$                                                                 240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

Subtotal Capital Cost 1,113,200$                               

Sales Tax (City of Spokane 9%) 100,200$                                  

Contingency 30% 334,000$                                  

Total Capital Cost 1,547,400$                               

2024 2025 2026 2027 2028 2029 2030

Well Electric
Annual Inflation Rate

12% 8% 5% 5% 5% 5% 5%

Operating Cost Cost Per Year  50-Year Total Costs (2023 Dollars) 

1 Equipment Maintenance 11,200$                                    560,000$                                                   12,544$                                                      13,548$                                                      14,225$                                                      14,936$                                                      15,683$                                                      16,467$                                17,290$                                                     

2 Maintenance Staff 11,800$                                    590,000$                                                   13,216$                                                      14,273$                                                      14,987$                                                      15,736$                                                      16,523$                                                      17,349$                                18,217$                                                     

3 Administration 1,200$                                       60,000$                                                      1,344$                                                        1,452$                                                        1,524$                                                        1,600$                                                        1,680$                                                        1,764$                                  1,853$                                                       

4 Operation of Equipment 66,600$                                    3,330,000$                                                74,592$                                                      80,559$                                                      84,587$                                                      88,817$                                                      93,258$                                                      97,920$                                102,816$                                                  

5 Power Cost 1,200$                                       60,000$                                                      1,344$                                                        1,452$                                                        1,524$                                                        1,600$                                                        1,680$                                                        1,764$                                  1,853$                                                       

6 Chemical Cost 143,000$                                  7,150,000$                                                160,160$                                                   172,973$                                                   181,621$                                                   190,703$                                                   200,238$                                                   210,250$                              220,762$                                                  

Subtotal Operating Cost, 2023 Dollars 235,000$                                  11,750,000$                                              Subtotal Operating Cost 329,062$                                                   345,515$                              362,791$                                                  

Sales Tax (Chemical, City of Spokane 9%) 12,870$                                    752,270$                                                   Sales Tax (Chemical, City of Spokane 9%) 18,021$                                                      18,922$                                19,869$                                                     

Operating Contingency 30% 70,500$                                    3,525,000$                                                Operating Contingency 30% 98,719$                                                      103,654$                              108,837$                                                  

Average Yearly Operating (2023 Dollars) 318,370$                                  Average Yearly Operating 445,802$                                                   468,092$                              491,496$                                                  

Replace Equipment (50 years, 2023 dollars) 1,208,560$                                                

Sales Tax (Equipment & Chemical, City of Spokane 9%) 108,770$                                                   Year 1 (2028) Year 2 (2029) Year 3 (2030)

Total 50-year Operating & Maintenance Cost, 2023 Dollars 17,344,700$                                              Equip. Op. 135,800$                                                   136,100$                              136,100$                                                  

Equip. Maint. 46,100$                                                      46,200$                                46,200$                                                     

Total Capital and Life Cycle 18,892,100$                                              Power 2,200$                                                        2,300$                                  2,500$                                                       

Total Yearly O&M Cost Average w/ Equip Replacement 346,894$                                                   Chemical costs 312,200$                                                   292,300$                              306,900$                                                  

50-Year LCA Averaged Over 50 Years (2023 Dollars) 377,800$                                  

Replace Equipment, Yearly (2023 Dollars) 26,400$                                    

450,200$                              

312,200$                              

46,100$                                

Three-Year Operations and Maintenance Costs

Average Annual Cost to Operate (2028)

Average Annual cost to Maintain (2028)

N223386WA.00 • May 2023 • Preliminary Fluoridation Study • City of Spokane Page 1 of 7



Page 2 of 7

Parkwater 115,036$                                                                    

 Parkwater Building 
Concept Level Cost LCCA Cost (2023 Dollars) 2024 2025 2026 2027 2028

12% 8% 5% 5% 5%

 Capital Cost (2023 Dollars) 
 50-Year Replacement Cost (2023 Dollars) 

1                             Mobilization 115,036$                                  

2                              Electrical Equipment 44,300$                                    221,500$                                                                    5,316.00$                                                  3,969.28$                                                  2,679.26$                                                  2,813.23$                                                  2,953.89$                                                  

3                             PLC MicroLogic 1400 44,900$                                    224,500$                                                                    5,388.00$                                                  4,023.04$                                                  2,715.55$                                                  2,851.33$                                                  2,993.90$                                                  

4                              Metering Pump Skid 136,000$                                  272,000$                                                                    16,320.00$                                                12,185.60$                                                8,225.28$                                                  8,636.54$                                                  9,068.37$                                                  

5                              Bulk Storage Tank 89,200$                                    178,400$                                                                    10,704.00$                                                7,992.32$                                                  5,394.82$                                                  5,664.56$                                                  5,947.78$                                                  

6                              Day Storage Tank 

20,800$                                    41,600$                                                                       2,496.00$                                                  1,863.68$                                                  1,257.98$                                                  1,320.88$                                                  1,386.93$                                                  

7                              Roll up Door 10,000$                                    -$                                                                                  1,200.00$                                                  896.00$                                                      604.80$                                                      635.04$                                                      666.79$                                                      

8                              Man Door 2,000$                                       -$                                                                                  240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

9                              Fluoride Analyzer 80,000$                                    400,000$                                                                    9,600.00$                                                  7,168.00$                                                  4,838.40$                                                  5,080.32$                                                  5,334.34$                                                  

10                            Backflow Preventer 6,000$                                       -$                                                                                  720.00$                                                      537.60$                                                      362.88$                                                      381.02$                                                      400.08$                                                      

11                            Static Mixer 271,000$                                  -$                                                                                  32,520.00$                                                24,281.60$                                                16,390.08$                                                17,209.58$                                                18,070.06$                                                

12                            Transfer Pump 60,000$                                    120,000$                                                                    7,200.00$                                                  5,376.00$                                                  3,628.80$                                                  3,810.24$                                                  4,000.75$                                                  

13                            Secondary Containment 50,000$                                    -$                                                                                  6,000.00$                                                  4,480.00$                                                  3,024.00$                                                  3,175.20$                                                  3,333.96$                                                  

14                            Building 915 sf @ $290 
265,300$                                  -$                                                                                  

15                            HVAC 9,200$                                       18,400$                                                                       1,104.00$                                                  824.32$                                                      556.42$                                                      584.24$                                                      613.45$                                                      

16                           Site Improvements 39,200$                                    7,840$                                                                         4,704.00$                                                  3,512.32$                                                  2,370.82$                                                  2,489.36$                                                  2,613.82$                                                  

17                           Injection Line 2,660$                                       -$                                                                                  319.20$                                                      238.34$                                                      160.88$                                                      168.92$                                                      177.37$                                                      

18                           Sample Line 3,800$                                       -$                                                                                  456.00$                                                      340.48$                                                      229.82$                                                      241.32$                                                      253.38$                                                      

19                           Plumbing and Eyewash/Shower 2,000$                                       -$                                                                                  240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

20                           Drain Piping and Sewer 12,000$                                    -$                                                                                  1,440.00$                                                  1,075.20$                                                  725.76$                                                      762.05$                                                      800.15$                                                      

21                           Drain 2,000$                                       -$                                                                                  240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

Subtotal Capital Cost 1,265,400$                               

Sales Tax (City of Spokane 9%) 113,900$                                  

Contingency 30% 379,700$                                  

Total Capital Cost 1,759,000$                               

` 2024 2025 2026 2027 2028 2029 2030

Parkwater Annual Inflation Rate 12% 8% 5% 5% 5% 5% 5%

Operating Cost Cost Per Year  50-Year Total Costs (2023 Dollars) 

1                             Equipment Maintenance 12,700$                                    635,000$                                                                    14,224$                                                      15,362$                                                      16,130$                                                      16,937$                                                      17,783$                                                      18,673$                                19,606$                                            

2                             Maintenance Staff 11,800$                                    590,000$                                                                    13,216$                                                      14,273$                                                      14,987$                                                      15,736$                                                      16,523$                                                      17,349$                                18,217$                                            

3                             Administration 1,200$                                       60,000$                                                                       1,344$                                                        1,452$                                                        1,524$                                                        1,600$                                                        1,680$                                                        1,764$                                  1,853$                                              

4                             Operation of Equipment 66,600$                                    3,330,000$                                                                 74,592$                                                      80,559$                                                      84,587$                                                      88,817$                                                      93,258$                                                      97,920$                                102,816$                                          

5                             Power Cost 1,500$                                       75,000$                                                                       1,680$                                                        1,814$                                                        1,905$                                                        2,000$                                                        2,100$                                                        2,205$                                  2,316$                                              

6                             Chemical Cost 179,900$                                  8,995,000$                                                                 201,488$                                                   217,607$                                                   228,487$                                                   239,912$                                                   251,907$                                                   264,503$                              277,728$                                          

Subtotal Operating Cost, 2023 Dollars 273,700$                                  13,685,000$                                                               Subtotal Operating Cost 383,252$                                                   402,415$                              422,535$                                          

Sales Tax (Chemical, City of Spokane 9%) 16,191$                                    943,132$                                                                    Sales Tax (Chemical, City of Spokane 9%) 22,672$                                                      23,805$                                24,996$                                            

Operating Contingency 30% 82,110$                                    4,105,500$                                                                 Operating Contingency 30% 114,976$                                                   120,724$                              126,761$                                          

Average Yearly Operating (2023 Dollars) 372,001$                                  Average Yearly Operating 520,899$                                                   546,944$                              574,291$                                          

Replace Equipment (50 years, 2023 dollars) 1,484,240$                                                                 Three-Year Operations and Maintenance Costs

Sales Tax (Equipment & Chemical, City of Spokane 9%) 133,582$                                                                    Year 1 (2028) Year 2 (2029) Year 3 (2030)

Total 50-year Operating & Maintenance Cost, 2023 Dollars 20,351,500$                                                               Equip. Op. 135,800$                                                   136,100$                              136,100$                                          

Equip. Maint. 49,100$                                                      49,200$                                49,200$                                            

Total Capital and Life Cycle 22,110,500$                                                               Power 2,800$                                                        2,900$                                  3,100$                                              

Total Yearly O&M Cost Average w/ Equip Replacement 407,000$                                                                    Chemical costs 350,200$                                                   367,700$                              386,100$                                          

50-Year LCA Averaged Over 50 Years (2023 Dollars) 442,200$                                  

Replace Equipment, Yearly (2023 Dollars) 32,400$                                    

488,800$                              

49,100$                                

Average Annual cost to Maintain (2028)

Average Annual Cost to Operate (2028)
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Ray 98,110$                                                                     

Ray St Building
Concept Level Cost LCCA Cost (2023 Dollars) 2024 2025 2026 2027 2028

12% 8% 5% 5% 5%

 Capital Cost (2023 Dollars) 
 50-Year Replacement Cost (2023 Dollars) 

1                             Mobilization 98,110$                                    

2                              Electrical Equipment 42,000$                                    210,000$                                                                  5,040.00$                                                  3,763.20$                                                  2,540.16$                                                  2,667.17$                                                  2,800.53$                                                  

3                             PLC MicroLogic 1400 44,900$                                    224,500$                                                                  5,388.00$                                                  4,023.04$                                                  2,715.55$                                                  2,851.33$                                                  2,993.90$                                                  

4                              Metering Pump Skid 61,000$                                    122,000$                                                                  7,320.00$                                                  5,465.60$                                                  3,689.28$                                                  3,873.74$                                                  4,067.43$                                                  

5                              Bulk Storage Tank 
62,400$                                    124,800$                                                                  7,488.00$                                                  5,591.04$                                                  3,773.95$                                                  3,962.65$                                                  4,160.78$                                                  

6                              Day Storage Tank 
19,600$                                    39,200$                                                                     2,352.00$                                                  1,756.16$                                                  1,185.41$                                                  1,244.68$                                                  1,306.91$                                                  

7                              Roll up Door 10,000$                                    -$                                                                                1,200.00$                                                  896.00$                                                      604.80$                                                      635.04$                                                      666.79$                                                      

8                              Man Door 2,000$                                       -$                                                                                240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

9                              Fluoride Analyzer 20,000$                                    100,000$                                                                  2,400.00$                                                  1,792.00$                                                  1,209.60$                                                  1,270.08$                                                  1,333.58$                                                  

10                            Backflow Preventer 6,000$                                       -$                                                                                720.00$                                                      537.60$                                                      362.88$                                                      381.02$                                                      400.08$                                                      

11                            Static Mixer 110,800$                                  -$                                                                                13,296.00$                                                9,927.68$                                                  6,701.18$                                                  7,036.24$                                                  7,388.06$                                                  

12                            Transfer Pump 60,000$                                    120,000$                                                                  7,200.00$                                                  5,376.00$                                                  3,628.80$                                                  3,810.24$                                                  4,000.75$                                                  

13                            Secondary Containment 50,000$                                    -$                                                                                6,000.00$                                                  4,480.00$                                                  3,024.00$                                                  3,175.20$                                                  3,333.96$                                                  

14                            Building 729 sf @ $390 
284,300$                                  -$                                                                                

15                            HVAC 7,300$                                       14,600$                                                                     876.00$                                                      654.08$                                                      441.50$                                                      463.58$                                                      486.76$                                                      

16                           Site Improvements 168,800$                                  33,760$                                                                     20,256.00$                                                15,124.48$                                                10,209.02$                                                10,719.48$                                                11,255.45$                                                

17                           Injection Line 1,000$                                       -$                                                                                120.00$                                                      89.60$                                                        60.48$                                                        63.50$                                                        66.68$                                                        

18                           Sample Line 3,000$                                       -$                                                                                360.00$                                                      268.80$                                                      181.44$                                                      190.51$                                                      200.04$                                                      

19                           Plumbing and Eyewash/Shower 2,000$                                       -$                                                                                240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

20                           Drain Piping and Sewer 24,000$                                    -$                                                                                2,880.00$                                                  2,150.40$                                                  1,451.52$                                                  1,524.10$                                                  1,600.30$                                                  

21                           Drain 2,000$                                       -$                                                                                240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

Subtotal Capital Cost 1,079,300$                               

Sales Tax (City of Spokane 9%) 97,100$                                    

Contingency 30% 323,800$                                  

Total Capital Cost 1,500,200$                               

2024 2025 2026 2027 2028 2029 2030

Ray Annual Inflation Rate 12% 8% 5% 5% 5% 5% 5%

Operating Cost Cost Per Year  50-Year Total Costs (2023 Dollars) 

1                             Equipment Maintenance 10,800$                                    540,000$                                                                  12,096$                                                      13,064$                                                      13,717$                                                      14,403$                                                      15,123$                                                      15,879$                                16,673$                                            

2                             Maintenance Staff 11,800$                                    590,000$                                                                  13,216$                                                      14,273$                                                      14,987$                                                      15,736$                                                      16,523$                                                      17,349$                                18,217$                                            

3                             Administration 1,200$                                       60,000$                                                                     1,344$                                                        1,452$                                                        1,524$                                                        1,600$                                                        1,680$                                                        1,764$                                  1,853$                                              

4                             Operation of Equipment 50,500$                                    2,525,000$                                                               56,560$                                                      61,085$                                                      64,139$                                                      67,346$                                                      70,713$                                                      74,249$                                77,961$                                            

5                             Power Cost 800$                                          40,000$                                                                     896$                                                           968$                                                           1,016$                                                        1,067$                                                        1,120$                                                        1,176$                                  1,235$                                              

6                             Chemical Cost 51,400$                                    2,570,000$                                                               57,568$                                                      62,173$                                                      65,282$                                                      68,546$                                                      71,974$                                                      75,572$                                79,351$                                            

Subtotal Operating Cost, 2023 Dollars 126,500$                                  6,325,000$                                                               Subtotal Operating Cost 177,133$                                                   185,990$                              195,289$                                          

Sales Tax (Chemical, City of Spokane 9%) 4,626$                                       320,297$                                                                  Sales Tax (Chemical, City of Spokane 9%) 6,478$                                                        6,801$                                  7,142$                                              

Operating Contingency 30% 37,950$                                    1,897,500$                                                               Operating Contingency 30% 53,140$                                                      55,797$                                58,587$                                            

Average Yearly Operating (2023 Dollars) 169,076$                                  Average Yearly Operating 236,751$                                                   248,588$                              261,018$                                          

Replace Equipment (50 years, 2023 dollars) 988,860$                                                                  Three-Year Operations and Maintenance Costs

Sales Tax (Equipment & Chemical, City of Spokane 9%) 88,997$                                                                     Year 1 (2028) Year 2 (2029) Year 3 (2030)

Total 50-year Operating & Maintenance Cost, 2023 Dollars 9,620,700$                                                               Equip. Op. 103,600$                                                   103,800$                              103,800$                                          

Equip. Maint. 45,300$                                                      45,400$                                45,400$                                            

Total Capital and Life Cycle 11,120,900$                                                             Power 1,500$                                                        1,600$                                  1,700$                                              

Total Yearly O&M Cost Average w/ Equip Replacement 192,400$                                                                  Chemical costs 100,100$                                                   105,100$                              110,300$                                          

50-Year LCA Averaged Over 50 Years (2023 Dollars) 222,400$                                  

Replace Equipment, Yearly (2023 Dollars) 21,600$                                    

205,200$                              

45,300$                                

Average Annual cost to Maintain (2028)

Average Annual Cost to Operate (2028)
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Central 100,989$                                                                

Central Ave Building
Concept Level Cost LCCA Cost (2023 Dollars) 2024 2025 2026 2027 2028

12% 8% 5% 5% 5%

 Capital Cost (2023 Dollars) 
 50-Year Replacement Cost (2023 Dollars) 

1                             Mobilization 100,989$                                  

2                              Electrical Equipment 38,100$                                    190,500$                                                                4,572.00$                                                  3,413.76$                                                  2,304.29$                                                  2,419.50$                                                  2,540.48$                                                  

3                             PLC MicroLogic 1400 44,900$                                    224,500$                                                                5,388.00$                                                  4,023.04$                                                  2,715.55$                                                  2,851.33$                                                  2,993.90$                                                  

4                              Metering Pump Skid 46,000$                                    92,000$                                                                   5,520.00$                                                  4,121.60$                                                  2,782.08$                                                  2,921.18$                                                  3,067.24$                                                  

5                              Bulk Storage Tank 
57,200$                                    114,400$                                                                6,864.00$                                                  5,125.12$                                                  3,459.46$                                                  3,632.43$                                                  3,814.05$                                                  

6                              Day Storage Tank 
19,600$                                    39,200$                                                                   2,352.00$                                                  1,756.16$                                                  1,185.41$                                                  1,244.68$                                                  1,306.91$                                                  

7                              Roll up Door 10,000$                                    -$                                                                              1,200.00$                                                  896.00$                                                      604.80$                                                      635.04$                                                      666.79$                                                      

8                              Man Door 2,000$                                       -$                                                                              240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

9                              Fluoride Analyzer 20,000$                                    100,000$                                                                2,400.00$                                                  1,792.00$                                                  1,209.60$                                                  1,270.08$                                                  1,333.58$                                                  

10                            Backflow Preventer 6,000$                                       12,000$                                                                   720.00$                                                      537.60$                                                      362.88$                                                      381.02$                                                      400.08$                                                      

11                            Static Mixer 86,200$                                    -$                                                                              10,344.00$                                                7,723.52$                                                  5,213.38$                                                  5,474.04$                                                  5,747.75$                                                  

12                            Transfer Pump 60,000$                                    120,000$                                                                7,200.00$                                                  5,376.00$                                                  3,628.80$                                                  3,810.24$                                                  4,000.75$                                                  

13                            Secondary Containment 50,000$                                    -$                                                                              6,000.00$                                                  4,480.00$                                                  3,024.00$                                                  3,175.20$                                                  3,333.96$                                                  

14                            Building 1132 sf @ $390 
441,400$                                  -$                                                                              

Demo Existing Building
20,000$                                    2,400.00$                                                  1,792.00$                                                  1,209.60$                                                  1,270.08$                                                  1,333.58$                                                  

15                            HVAC 11,400$                                    22,800$                                                                   1,368.00$                                                  1,021.44$                                                  689.47$                                                      723.95$                                                      760.14$                                                      

16                           Site Improvements 67,000$                                    13,400$                                                                   8,040.00$                                                  6,003.20$                                                  4,052.16$                                                  4,254.77$                                                  4,467.51$                                                  

17                           Injection Line 1,440$                                       -$                                                                              172.80$                                                      129.02$                                                      87.09$                                                        91.45$                                                        96.02$                                                        

18                           Sample Line 650$                                          -$                                                                              78.00$                                                        58.24$                                                        39.31$                                                        41.28$                                                        43.34$                                                        

19                           Plumbing and Eyewash/Shower 2,000$                                       -$                                                                              240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

20                           Drain Piping and Sewer 24,000$                                    -$                                                                              2,880.00$                                                  2,150.40$                                                  1,451.52$                                                  1,524.10$                                                  1,600.30$                                                  

21                           Drain 2,000$                                       -$                                                                              240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

Subtotal Capital Cost 1,110,900$                               

Sales Tax (City of Spokane 9%) 100,000$                                  

Contingency 30% 333,300$                                  

Total Capital Cost 1,544,200$                               

2024 2025 2026 2027 2028 2029 2030

Central
Annual Inflation Rate

12% 8% 5% 5% 5% 5% 5%

Operating Cost Cost Per Year  50-Year Total Costs (2023 Dollars) 

1                             Equipment Maintenance 11,200$                                    560,000$                                                                12,544$                                                      13,548$                                                      14,225$                                                      14,936$                                                      15,683$                                                      16,467$                                17,290$                                                      

2                             Maintenance Staff 11,800$                                    590,000$                                                                13,216$                                                      14,273$                                                      14,987$                                                      15,736$                                                      16,523$                                                      17,349$                                18,217$                                                      

3                             Administration 1,200$                                       60,000$                                                                   1,344$                                                        1,452$                                                        1,524$                                                        1,600$                                                        1,680$                                                        1,764$                                  1,853$                                                         

4                             Operation of Equipment 50,500$                                    2,525,000$                                                             56,560$                                                      61,085$                                                      64,139$                                                      67,346$                                                      70,713$                                                      74,249$                                77,961$                                                      

5                             Power Cost 800$                                          40,000$                                                                   896$                                                           968$                                                           1,016$                                                        1,067$                                                        1,120$                                                        1,176$                                  1,235$                                                         

6                             Chemical Cost 45,200$                                    2,260,000$                                                             50,624$                                                      54,674$                                                      57,408$                                                      60,278$                                                      63,292$                                                      66,456$                                69,779$                                                      

Subtotal Operating Cost, 2023 Dollars 120,700$                                  6,035,000$                                                             Subtotal Operating Cost 169,012$                                                   177,462$                              186,335$                                                    

Sales Tax (Chemical, City of Spokane 9%) 4,068$                                       269,847$                                                                Sales Tax (Chemical, City of Spokane 9%) 5,696$                                                        5,981$                                  6,280$                                                         

Operating Contingency 30% 36,210$                                    1,810,500$                                                             Operating Contingency 30% 50,704$                                                      53,239$                                55,901$                                                      

Average Yearly Operating (2023 Dollars) 160,978$                                  Average Yearly Operating 225,412$                                                   236,682$                              248,516$                                                    

Replace Equipment (50 years, 2023 dollars) 738,300$                                                                

Sales Tax (Equipment & Chemical, City of Spokane 9%) 66,447$                                                                   Year 1 (2028) Year 2 (2029) Year 3 (2030)

Total 50-year Operating & Maintenance Cost, 2023 Dollars 8,920,100$                                                             Equip. Op. 103,600$                                                   103,800$                              103,800$                                                    

Equip. Maint. 46,100$                                                      46,200$                                46,200$                                                      

Total Capital and Life Cycle 10,464,300$                                                           Power 1,500$                                                        1,600$                                  1,700$                                                         

Total Yearly O&M Cost Average w/ Equip Replacement 178,400$                                                                Chemical costs 88,000$                                                      92,400$                                97,000$                                                      

50-Year LCA Averaged Over 50 Years (2023 Dollars) 209,300$                                  

Replace Equipment, Yearly (2023 Dollars) 16,100$                                    

193,100$                              

46,100$                                

Three-Year Operations and Maintenance Costs

Average Annual Cost to Operate (2028)

Average Annual cost to Maintain (2028)
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Hoffman 93,750$                                                                 

Hoffman Building
Concept Level Cost LCCA Cost (2023 Dollars) 2024 2025 2026 2027 2028

12% 8% 5% 5% 5%

 Capital Cost (2023 Dollars) 
 50-Year Replacement Cost (2023 Dollars) 

1                             Mobilization 93,750$                                    

2                              Electrical Equipment 42,100$                                    210,500$                                                               5,052.00$                                                  3,772.16$                                                  2,546.21$                                                  2,673.52$                                                  2,807.19$                                                  

3                             PLC MicroLogic 1400 44,900$                                    224,500$                                                               5,388.00$                                                  4,023.04$                                                  2,715.55$                                                  2,851.33$                                                  2,993.90$                                                  

4                              Metering Pump Skid 46,000$                                    92,000$                                                                 5,520.00$                                                  4,121.60$                                                  2,782.08$                                                  2,921.18$                                                  3,067.24$                                                  

5                              Bulk Storage Tank 
38,400$                                    76,800$                                                                 4,608.00$                                                  3,440.64$                                                  2,322.43$                                                  2,438.55$                                                  2,560.48$                                                  

6                              Day Storage Tank 
19,000$                                    38,000$                                                                 2,280.00$                                                  1,702.40$                                                  1,149.12$                                                  1,206.58$                                                  1,266.90$                                                  

7                              Roll up Door 10,000$                                    -$                                                                            1,200.00$                                                  896.00$                                                      604.80$                                                      635.04$                                                      666.79$                                                      

8                              Man Door 2,000$                                       -$                                                                            240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

9                              Fluoride Analyzer 10,000$                                    50,000$                                                                 1,200.00$                                                  896.00$                                                      604.80$                                                      635.04$                                                      666.79$                                                      

10                            Backflow Preventer 6,000$                                       12,000$                                                                 720.00$                                                      537.60$                                                      362.88$                                                      381.02$                                                      400.08$                                                      

11                            Static Mixer 59,800$                                    -$                                                                            7,176.00$                                                  5,358.08$                                                  3,616.70$                                                  3,797.54$                                                  3,987.42$                                                  

12                            Transfer Pump 60,000$                                    120,000$                                                               7,200.00$                                                  5,376.00$                                                  3,628.80$                                                  3,810.24$                                                  4,000.75$                                                  

13                            Secondary Containment 50,000$                                    -$                                                                            6,000.00$                                                  4,480.00$                                                  3,024.00$                                                  3,175.20$                                                  3,333.96$                                                  

14                            Building 729 sf @ $390 
284,300$                                  -$                                                                            

15                            HVAC 7,300$                                       14,600$                                                                 876.00$                                                      654.08$                                                      441.50$                                                      463.58$                                                      486.76$                                                      

16                           Site Improvements 227,900$                                  45,580$                                                                 27,348.00$                                                20,419.84$                                                13,783.39$                                                14,472.56$                                                15,196.19$                                                

17                           Injection Line 400$                                          -$                                                                            48.00$                                                        35.84$                                                        24.19$                                                        25.40$                                                        26.67$                                                        

18                           Sample Line 1,400$                                       -$                                                                            168.00$                                                      125.44$                                                      84.67$                                                        88.91$                                                        93.35$                                                        

19                           Plumbing and Eyewash/Shower 2,000$                                       -$                                                                            240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

20                           Drain Piping and Sewer 24,000$                                    -$                                                                            2,880.00$                                                  2,150.40$                                                  1,451.52$                                                  1,524.10$                                                  1,600.30$                                                  

21                           Drain 2,000$                                       -$                                                                            240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

Subtotal Capital Cost 1,031,300$                               

Sales Tax (City of Spokane 9%) 92,800$                                    

Contingency 30% 309,400$                                  

Total Capital Cost 1,433,500$                               

2024 2025 2026 2027 2028 2029 2030

Hoffman Annual Inflation Rate 12% 8% 5% 5% 5% 5% 5%

Operating Cost Cost Per Year  50-Year Total Costs (2023 Dollars) 

1                             Equipment Maintenance 10,400$                                    520,000$                                                               11,648$                                                      12,580$                                                      13,209$                                                      13,869$                                                      14,563$                                                      15,291$                                16,055$                                            

2                             Maintenance Staff 11,800$                                    590,000$                                                               13,216$                                                      14,273$                                                      14,987$                                                      15,736$                                                      16,523$                                                      17,349$                                18,217$                                            

3                             Administration 1,200$                                       60,000$                                                                 1,344$                                                        1,452$                                                        1,524$                                                        1,600$                                                        1,680$                                                        1,764$                                  1,853$                                              

4                             Operation of Equipment 50,500$                                    2,525,000$                                                            56,560$                                                      61,085$                                                      64,139$                                                      67,346$                                                      70,713$                                                      74,249$                                77,961$                                            

5                             Power Cost 700$                                          35,000$                                                                 784$                                                           847$                                                           889$                                                           934$                                                           980$                                                           1,029$                                  1,081$                                              

6                             Chemical Cost 23,900$                                    1,195,000$                                                            26,768$                                                      28,909$                                                      30,355$                                                      31,873$                                                      33,466$                                                      35,140$                                36,897$                                            

Subtotal Operating Cost, 2023 Dollars 98,500$                                    4,925,000$                                                            Subtotal Operating Cost 137,926$                                                   144,822$                              152,063$                                          

Sales Tax (Chemical, City of Spokane 9%) 2,151$                                       187,108$                                                               Sales Tax (Chemical, City of Spokane 9%) 3,012$                                                        3,163$                                  3,321$                                              

Operating Contingency 30% 29,550$                                    1,477,500$                                                            Operating Contingency 30% 41,378$                                                      43,447$                                45,619$                                            

Average Yearly Operating (2023 Dollars) 130,201$                                  Average Yearly Operating 182,316$                                                   191,431$                              201,003$                                          

Replace Equipment (50 years, 2023 dollars) 883,980$                                                               Three-Year Operations and Maintenance Costs

Sales Tax (Equipment & Chemical, City of Spokane 9%) 79,558$                                                                 Year 1 (2028) Year 2 (2029) Year 3 (2030)

Total 50-year Operating & Maintenance Cost, 2023 Dollars 7,553,200$                                                            Equip. Op. 103,600$                                                   103,800$                              103,800$                                          

Equip. Maint. 44,500$                                                      44,600$                                44,600$                                            

Total Capital and Life Cycle 8,986,700$                                                            Power 1,300$                                                        1,400$                                  1,500$                                              

Total Yearly O&M Cost Average w/ Equip Replacement 151,100$                                                               Chemical costs 46,600$                                                      48,900$                                51,300$                                            

50-Year LCA Averaged Over 50 Years (2023 Dollars) 179,700$                                  

Replace Equipment, Yearly (2023 Dollars) 19,300$                                    

151,500$                              

44,500$                                

Average Annual cost to Maintain (2028)

Average Annual Cost to Operate (2028)
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Nevada AND Grace (One Building) 99,274$                                                                  

Nevada/Grace Buildling
Concept Level Cost LCCA Cost (2023 Dollars) 2024 2025 2026 2027 2028

12% 8% 5% 5% 5%

 Capital Cost (2023 Dollars) 
 50-Year Replacement Cost (2023 Dollars) 

1                             Mobilization 99,274$                                    

2                              Electrical Equipment 42,000$                                    210,000$                                                                5,040.00$                                                  3,763.20$                                                  2,540.16$                                                  2,667.17$                                                  2,800.53$                                                  

3                             PLC MicroLogic 1400 44,900$                                    224,500$                                                                5,388.00$                                                  4,023.04$                                                  2,715.55$                                                  2,851.33$                                                  2,993.90$                                                  

4                              Metering Pump Skid 106,000$                                  212,000$                                                                12,720.00$                                                9,497.60$                                                  6,410.88$                                                  6,731.42$                                                  7,068.00$                                                  

5                              Bulk Storage Tank 
89,200$                                    178,400$                                                                10,704.00$                                                7,992.32$                                                  5,394.82$                                                  5,664.56$                                                  5,947.78$                                                  

6                              Day Storage Tank 
20,600$                                    41,200$                                                                  2,472.00$                                                  1,845.76$                                                  1,245.89$                                                  1,308.18$                                                  1,373.59$                                                  

7                              Roll up Door 10,000$                                    -$                                                                             1,200.00$                                                  896.00$                                                      604.80$                                                      635.04$                                                      666.79$                                                      

8                              Man Door 2,000$                                       -$                                                                             240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

9                              Fluoride Analyzer 40,000$                                    200,000$                                                                4,800.00$                                                  3,584.00$                                                  2,419.20$                                                  2,540.16$                                                  2,667.17$                                                  

10                            Backflow Preventer 6,000$                                       12,000$                                                                  720.00$                                                      537.60$                                                      362.88$                                                      381.02$                                                      400.08$                                                      

11                            Static Mixer 257,000$                                  -$                                                                             30,840.00$                                                23,027.20$                                                15,543.36$                                                16,320.53$                                                17,136.55$                                                

12                            Transfer Pump 60,000$                                    120,000$                                                                7,200.00$                                                  5,376.00$                                                  3,628.80$                                                  3,810.24$                                                  4,000.75$                                                  

13                            Secondary Containment 50,000$                                    -$                                                                             6,000.00$                                                  4,480.00$                                                  3,024.00$                                                  3,175.20$                                                  3,333.96$                                                  

14                            Building 647 sf @ $290 
187,600$                                  -$                                                                             

15                            HVAC 6,500$                                       13,000$                                                                  780.00$                                                      582.40$                                                      393.12$                                                      412.78$                                                      433.41$                                                      

16                           Site Improvements -$                                                                             -$                                                            -$                                                            -$                                                            -$                                                            -$                                                            

17                           Injection Line 3,540$                                       -$                                                                             424.80$                                                      317.18$                                                      214.10$                                                      224.80$                                                      236.04$                                                      

18                           Sample Line 3,400$                                       -$                                                                             408.00$                                                      304.64$                                                      205.63$                                                      215.91$                                                      226.71$                                                      

19                           Plumbing and Eyewash/Shower 2,000$                                       -$                                                                             240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

20                           Drain Piping and Sewer 60,000$                                    -$                                                                             7,200.00$                                                  5,376.00$                                                  3,628.80$                                                  3,810.24$                                                  4,000.75$                                                  

21                           Drain 2,000$                                       -$                                                                             240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

Subtotal Capital Cost 1,092,100$                               

Sales Tax (City of Spokane 9%) 98,300$                                    

Contingency 30% 327,700$                                  

Total Capital Cost 1,518,100$                               

2024 2025 2026 2027 2028 2029 2030

Nevage / Grace Annual Inflation Rate 12% 8% 5% 5% 5% 5% 5%

Operating Cost Cost Per Year  50-Year Total Costs (2023 Dollars) 

1                             Equipment Maintenance 11,000$                                    550,000$                                                                12,320$                                                      13,306$                                                      13,971$                                                      14,669$                                                      15,403$                                                      16,173$                                16,982$                                            

2                             Maintenance Staff 11,800$                                    590,000$                                                                13,216$                                                      14,273$                                                      14,987$                                                      15,736$                                                      16,523$                                                      17,349$                                18,217$                                            

3                             Administration 1,200$                                       60,000$                                                                  1,344$                                                        1,452$                                                        1,524$                                                        1,600$                                                        1,680$                                                        1,764$                                  1,853$                                              

4                             Operation of Equipment 50,500$                                    2,525,000$                                                            56,560$                                                      61,085$                                                      64,139$                                                      67,346$                                                      70,713$                                                      74,249$                                77,961$                                            

5                             Power Cost 800$                                          40,000$                                                                  896$                                                           968$                                                           1,016$                                                        1,067$                                                        1,120$                                                        1,176$                                  1,235$                                              

6                             Chemical Cost 101,500$                                  5,075,000$                                                            113,680$                                                   122,774$                                                   128,913$                                                   135,359$                                                   142,127$                                                   149,233$                              156,695$                                          

Subtotal Operating Cost, 2023 Dollars 176,800$                                  8,840,000$                                                            Subtotal Operating Cost 247,567$                                                   259,945$                              272,942$                                          

Sales Tax (Chemical, City of Spokane 9%) 9,135$                                       565,749$                                                                Sales Tax (Chemical, City of Spokane 9%) 12,791$                                                      13,431$                                14,103$                                            

Operating Contingency 30% 53,040$                                    2,652,000$                                                            Operating Contingency 30% 74,270$                                                      77,983$                                81,883$                                            

Average Yearly Operating (2023 Dollars) 238,975$                                  Average Yearly Operating 334,628$                                                   351,359$                              368,927$                                          

Replace Equipment (50 years, 2023 dollars) 1,211,100$                                                            Three-Year Operations and Maintenance Costs

Sales Tax (Equipment & Chemical, City of Spokane 9%) 108,999$                                                                Year 1 (2028) Year 2 (2029) Year 3 (2030)

Total 50-year Operating & Maintenance Cost, 2023 Dollars 13,377,900$                                                          Equip. Op. 103,600$                                                   103,800$                              103,800$                                          

Equip. Maint. 45,700$                                                      45,800$                                45,800$                                            

Total Capital and Life Cycle 14,896,000$                                                          Power 1,500$                                                        1,600$                                  1,700$                                              

Total Yearly O&M Cost Average w/ Equip Replacement 267,600$                                                                Chemical costs 197,600$                                                   207,500$                              217,900$                                          

50-Year LCA Averaged Over 50 Years (2023 Dollars) 297,900$                                  

Replace Equipment, Yearly (2023 Dollars) 26,500$                                    

302,700$                              

45,700$                                

Average Annual cost to Maintain (2028)

Average Annual Cost to Operate (2028)

N223386WA.00 • May 2023 • Preliminary Fluoridation Study • City of Spokane Page 6 of 7



Page 7 of 7

Havana 110,790$                                                      

 Havana  Building (Residential) 
Concept Level Cost LCCA Cost (2023 Dollars) 2024 2025 2026 2027 2028

12% 8% 5% 5% 5%

 Capital Cost (2023 Dollars)  50-Year Replacement Cost (2023 

Dollars) 

1                             Mobilization 110,790$                                  

2                              Electrical Equipment 50,300$                                    251,500$                                                      6,036.00$                                                  4,506.88$                                                  3,042.14$                                                  3,194.25$                                                  3,353.96$                                                  

3                             PLC MicroLogic 1400 45,000$                                    225,000$                                                      5,400.00$                                                  4,032.00$                                                  2,721.60$                                                  2,857.68$                                                  3,000.56$                                                  

4                              Metering Pump Skid 106,000$                                  212,000$                                                      12,720.00$                                                9,497.60$                                                  6,410.88$                                                  6,731.42$                                                  7,068.00$                                                  

5                              Bulk Storage Tank 
64,000$                                    128,000$                                                      7,680.00$                                                  5,734.40$                                                  3,870.72$                                                  4,064.26$                                                  4,267.47$                                                  

6                              Day Storage Tank 
19,400$                                    38,800$                                                        2,328.00$                                                  1,738.24$                                                  1,173.31$                                                  1,231.98$                                                  1,293.58$                                                  

7                              Roll up Door 10,000$                                    -$                                                                   1,200.00$                                                  896.00$                                                      604.80$                                                      635.04$                                                      666.79$                                                      

8                              Man Door 8,000$                                       -$                                                                   960.00$                                                      716.80$                                                      483.84$                                                      508.03$                                                      533.43$                                                      

9                              Fluoride Analyzer 10,000$                                    50,000$                                                        1,200.00$                                                  896.00$                                                      604.80$                                                      635.04$                                                      666.79$                                                      

10                            Backflow Preventer 6,000$                                       12,000$                                                        720.00$                                                      537.60$                                                      362.88$                                                      381.02$                                                      400.08$                                                      

11                            Static Mixer 258,400$                                  -$                                                                   31,008.00$                                                23,152.64$                                                15,628.03$                                                16,409.43$                                                17,229.91$                                                

12                            Transfer Pump 60,000$                                    120,000$                                                      7,200.00$                                                  5,376.00$                                                  3,628.80$                                                  3,810.24$                                                  4,000.75$                                                  

13                            Secondary Containment 50,000$                                    -$                                                                   6,000.00$                                                  4,480.00$                                                  3,024.00$                                                  3,175.20$                                                  3,333.96$                                                  

14                            Building 915 sf @ $390 
356,800$                                  -$                                                                   

15                            HVAC 9,200$                                       18,400$                                                        1,104.00$                                                  824.32$                                                      556.42$                                                      584.24$                                                      613.45$                                                      

16                           Site Improvements -$                                                                   -$                                                            -$                                                            -$                                                            -$                                                            -$                                                            

17                           Injection Line 2,200$                                       -$                                                                   264.00$                                                      197.12$                                                      133.06$                                                      139.71$                                                      146.69$                                                      

18                           Sample Line 600$                                          -$                                                                   72.00$                                                        53.76$                                                        36.29$                                                        38.10$                                                        40.01$                                                        

19                           Plumbing and Eyewash/Shower 2,000$                                       -$                                                                   240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

20                           Drain Piping and Sewer 48,000$                                    -$                                                                   5,760.00$                                                  4,300.80$                                                  2,903.04$                                                  3,048.19$                                                  3,200.60$                                                  

21                           Drain 2,000$                                       -$                                                                   240.00$                                                      179.20$                                                      120.96$                                                      127.01$                                                      133.36$                                                      

Subtotal Capital Cost 1,218,700$                               

Sales Tax (City of Spokane 9%) 109,700$                                  

Contingency 30% 365,700$                                  

Total Capital Cost 1,694,100$                               

 

2024 2025 2026 2027 2028 2029 2030

Havana Annual Inflation Rate 12% 8% 5% 5% 5% 5% 5%

Operating Cost Cost Per Year  50-Year Total Costs (2023 Dollars) 

1                             Equipment Maintenance 12,200$                                    610,000$                                                      13,664$                                                      14,757$                                                      15,495$                                                      16,270$                                                      17,083$                                                      17,937$                                18,834$                                            

2                             Maintenance Staff 11,800$                                    590,000$                                                      13,216$                                                      14,273$                                                      14,987$                                                      15,736$                                                      16,523$                                                      17,349$                                18,217$                                            

3                             Administration 1,200$                                       60,000$                                                        1,344$                                                        1,452$                                                        1,524$                                                        1,600$                                                        1,680$                                                        1,764$                                  1,853$                                              

4                             Operation of Equipment 66,600$                                    3,330,000$                                                  74,592$                                                      80,559$                                                      84,587$                                                      88,817$                                                      93,258$                                                      97,920$                                102,816$                                          

5                             Power Cost 1,400$                                       70,000$                                                        1,568$                                                        1,693$                                                        1,778$                                                        1,867$                                                        1,960$                                                        2,058$                                  2,161$                                              

6                             Chemical Cost 62,100$                                    3,105,000$                                                  69,552$                                                      75,116$                                                      78,872$                                                      82,816$                                                      86,956$                                                      91,304$                                95,869$                                            

Subtotal Operating Cost, 2023 Dollars 155,300$                                  7,765,000$                                                  Subtotal Operating Cost 217,461$                                                   228,334$                              239,751$                                          

Sales Tax (Chemical, City of Spokane 9%) 5,589$                                       374,463$                                                      Sales Tax (Chemical, City of Spokane 9%) 7,826$                                                        8,217$                                  8,628$                                              

Operating Contingency 30% 46,590$                                    2,329,500$                                                  Operating Contingency 30% 65,238$                                                      68,500$                                71,925$                                            

Average Yearly Operating (2023 Dollars) 207,479$                                  Average Yearly Operating 290,525$                                                   305,051$                              320,304$                                          

Replace Equipment (50 years, 2023 dollars) 1,055,700$                                                  Three-Year Operations and Maintenance Costs

Sales Tax (Equipment & Chemical, City of Spokane 9%) 95,013$                                                        Year 1 (2028) Year 2 (2029) Year 3 (2030)

Total 50-year Operating & Maintenance Cost, 2023 Dollars 11,619,700$                                                Equip. Op. 135,800$                                                   136,100$                              136,100$                                          

Equip. Maint. 48,100$                                                      48,200$                                48,200$                                            

Total Capital and Life Cycle 13,313,800$                                                Power 2,600$                                                        2,700$                                  2,900$                                              

Total Yearly O&M Cost Average w/ Equip Replacement 232,394$                                                      Chemical costs 120,900$                                                   127,000$                              133,300$                                          

50-Year LCA Averaged Over 50 Years (2023 Dollars) 266,300$                                  

Replace Equipment, Yearly (2023 Dollars) 23,100$                                    

259,300$                              

48,100$                                

Average Annual cost to Maintain (2028)

Average Annual Cost to Operate (2028)
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