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 EXECUTIVE SUMMARY 

The City of Sacramento (City) has been fluoridating their water supply since 2000.  Over time, the 

City has experienced problems at some of their facilities and since the program began, operational 

costs have risen from $350,000 in 2000 to $957,000 in 2010.  The average yearly increase on a 

percentage basis is approximately 10.5 percent.   

 The City has authorized Black & Veatch to review current fluoridation practices, develop and 

evaluate alternatives for the City’s system, prepare opinions of probable costs, and recommend 

improvements to meet fluoridation best management practices (BMPs).  This report presents the 

results of the Black & Veatch evaluation.   

Preliminary Review of Fluoridation Practices    

Many public water utilities add fluoride to their water to reduce the incidence of tooth decay.  Three 

different types of fluoride compounds are commonly used by municipal water utilities to fluoridate 

water: hydrofluosilicic acid (HFA), sodium fluoride, and sodium silicofluoride.  Hydrofluosilicic acid 

and sodium fluoride are both frequently used in water treatment and are potential options for the 

City.  Sodium silicofluoride is not commonly used and is not considered a viable alternative.    

Review of Fluoridation Practices at City Facilities and Other Utilities    

The City currently distributes approximately 46 billion gallons of water annually to approximately 

136,700 service connections through two water treatment plants (WTPs) and 27 groundwater wells.  

Their ongoing fluoridation costs equate to approximately $1.97 per person per year and 

approximately $0.58 per connection per month.  The City provided Black & Veatch with a list of 

several issues associated with the existing fluoride systems at the wells and WTPs, including quality 

of the product, equipment failure and loss of production, safety, and higher than expected 

operation and maintenance (O&M) costs.  A complete listing of the issues is presented in Appendix 

A.   

Sacramento River Water Treatment Plant  

The Sacramento River Water WTP HFA system was installed in 2000 in an outdoor location.  A new 

chemical feed building was constructed in 2004.  The equipment was replaced and installed in the 

new indoor location in 2007.  The City’s operation staff is not experiencing any particular issues with 

the fluoridation equipment, and improvements are not required at this time.    However, regular 

equipment replacement is required throughout the 20‐year planning horizon considered by this 

report. 



 

City of Sacramento Fluoride Best Practices Study Report    Page ES‐2 

E.A. Fairbairn Water Treatment Plant 

The E.A. Fairbairn WTP HFA system was installed in 2000 in an outdoor location with only the 

chemical metering pumps enclosed within a building.  The City has experienced maintenance issues 

with the bulk storage and chemical feed piping due to its exposure to the elements.  The system 

components located outside are nearing the end of their useful life and need replacement.   Three 

options were developed and evaluated, as described in the sections below. 

Groundwater Wells   

Fluoridation at the groundwater wells utilizes sodium fluoride.  Issues experienced at some of the 

wells include clogging of equipment and piping, need for frequent cleaning, operational 

inconsistencies, and uncertainty in the quality of the delivered sodium fluoride product.  These 

issues have resulted in increased O&M requirements on the City’s staff.  Four alternative options 

were developed and evaluated, as described below.   

Fluoridation Facilities Alternatives Development, Evaluation, and Costs  

Chapters 3 and 4, respectively, develop and evaluate fluoride handling options for each of the City’s 

sites and present preliminary cost opinions.   

Sacramento River Water Treatment Plant 

The facilities at the Sacramento River WTP are in good working condition are are not due for 

replacement at this time.  Replacement of certain components of the facilities should occur in years 

2018, 2023, and 2028.  Currently, operations and maintenance (O&M) activities utilize 

approximately 0.2 full‐time equivalent (FTE) staff.  There are no anticipated changes to this level of 

staffing over the next 20 years at this facility.   

E.A. Fairbairn Water Treatment Plant 

The following options are available for upgrading the fluoridation system at E.A. Fairbairn WTP: 

 Option 1 – Replace the existing chemical piping, tanks, valves, and pumps in their existing 

location with no covering. 

 Option 2 ‐ Construct the new facility in the existing location and provide a canopy over new bulk 

storage and chemical metering facilities to minimize capital costs.   

 Option 3 ‐ Construct new bulk storage tanks and metering facility inside a chemical containment 

area, enclosed in a building structure. 

Present value, future value, and annualized costs for the options are presented in Table ES‐1.   
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TABLE ES‐1: E.A. FAIRBAIRN WTP FLUORIDATION SYSTEM COSTS 
  CAPITAL 

COST 
2011 O&M 

COST 
20‐YEAR FUTURE 
VALUE COST 

PRESENT 
VALUE COSTS 

ANNUALIZED 
COSTS 

(Option 1 – Replace 
Equipment in existing 
location) 

$316,000  $241,800 $11,176,000 $6,820,388  $437,508

(Option 2 ‐ Canopy 
Structure in existing 
location) 

$408,000  $241,800 $10,723,000 $6,543,935  $419,775

(Option 3 ‐ New Concrete 
Masonry Building in new 
location) 

$893,000  $241,800 $11,852,000 $7,232,931  $463,972

Note: Chemical costs are based on the current target dose.  The USEPA is currently considering a reduction in 

optimal fluoride levels to 0.7 mg/L; which may reduce annual chemical costs by approximately $65,000. 

Currently, O&M activities utilize approximately 0.2 full‐time FTE staff.  There are no anticipated 

changes to this level of staffing over the next 20 years at this facility with the proposed 

improvements.   

Groundwater Well Sites  

Four options were identified to resolve issues and reduce the City’s O&M requirements on the 

sodium fluoride systems: 

 Option 1 – Upgrade Existing Dry Solid Sodium Fluoride System 

 Option 2 – Convert Existing Sodium Fluoride System to Liquid HFA 

 Option 3 – Convert to Liquid HFA and Hire Third Party Contractor for O&M Delivery 

 Option 4 ‐ Centralized Dry Solid Sodium Fluoride System 

Under Option 1, improvements were identified to enhance the system and reduce O&M 

requirements.  To minimize overall costs and confirm effectiveness, it is recommended that the City 

implement the recommendations below at a single well and evaluate its performance before 

implementing these measures across all the groundwater wells.  Activities would include: 

 Step 1: Check the water hardness and optimize existing water softening system.   

 Step 2: Provide a new saturator with side facing dilution water distribution ports and float 

control (to maintain constant flow operation of water softener). 

 Step 3: Replace existing metering pumps and provide new chemical piping. 

Both Option 2 and Option 3 would involve converting to a liquid HFA system.  The latter would 

include hiring a third party contractor to deliver the HFA and perform visual inspections of the 

equipment.  Option 4 would involve construction of a sodium fluoride batching facility that would be 
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located at either of the City’s two WTPs. However, due to significant disadvantages described in 

Section 3.3.5, Option 4 was eliminated from further consideration.  

Present value, future value, and annualized costs for the viable options are presented in Table ES‐2. 

TABLE ES‐2 WELL SITE 20‐YEAR COST SUMMARY 
CAPITAL COST  2011 O&M 

COST 
20‐YEAR FUTURE 
VALUE COST 

PRESENT 
VALUE COSTS 

ANNUALIZED 
COSTS 

OPTION 1 – Dry Sodium 
Fluoride, All Steps 

$1,365,000 $429,000 $21,057,000 $12,850,475 $824,321

OPTION 2 – Liquid 
Hydrofluosilicic Acid w/ 
Standard Delivery 

$2,846,000 $454,000 $25,670,000 $15,665,655 $1,004,907

OPTION 3 – Liquid 
Hydrofluosilicic Acid w/ 
Contract Delivery Service 

$2,846,000 $470,000 $26,824,000 $16,369,908 $1,050,083

Note: Chemical costs are based on the current target dose.  The USEPA is currently considering a reduction in 

optimal fluoride levels to 0.7 mg/L; which may reduce annual chemical costs by approximately $65,000. 

The City did not increase staff when the fluoride systems were installed in 2000 and have been 

operating with a total of 8 staff assigned to the well system, plus supervisors and management.  

Additional staff are drawn upon for specialized repairs. These include Mechanical, Instrumentation 

& Electrical, and SCADA technicians.  Table ES‐3 summarizes the current staffing level requirements, 

and the anticipated staffing levels based on the proposed projects. 

TABLE ES‐3 WELL SITE STAFFING LEVEL SUMMARY 
Option  Total Labor Hours  Total Labor Days  Approximate FTE 

  Dry Solid Sodium Fluoride (Current)  4,039   505  3.1 

1  Dry Solid Sodium Fluoride (Optimized) 3,472   434  2.7 

2  Liquid Hydrofluosilicic Acid  2,662   333  2.0 

3  Liquid Hydrofluosilicic Acid w/ Delivery 
Service  2,171   271  1.7 

  * Full Time Equivalent (FTE) staff based on 163 effective labor days each year   

 

Recommendations and Project Implementation   
Chapter 5 presents recommendations for the E.A. Fairbairn WTP and the groundwater wells and 

proposes an implementation plan for system improvements.    

Recommendations for E.A. Fairbairn Water Treatment Plant 
The costs associated with Option 1 (no canopy or enclosure) are lower than Option 2 (canopy) and 

Option 3 (building), however the level of protection for equipment achieved with a canopy is not 

comparable to the level of protection achieved with a building.  The enclosed equipment will have a 
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longer service life due to the higher level of protection inside a building and the difference in life 

cycle costs is small.  Therefore, Option 3 is recommended.   

 

Total project costs are presented in Table ES‐4. 

TABLE ES‐4: E.A. FAIRBAIRN WTP FLUORIDATION SYSTEM IMPLEMENTATION COSTS 
TOTAL PROJECT COSTS – REPLACE LIQUID HFA SYSTEM INSIDE NEW BUILDING (OPTION 3) 

  COST 

Total Probable Construction Cost $893,000 

Design Cost  $150,000 

Construction Management Costs  $100,000 

TOTAL PROJECT COST  $1,143,000 

 

Recommendations for Groundwater Well Sites  

The City has provided some hardness data which indicates that hardness may not be contributing 

significantly to the problems experienced at the well sites.  However, data is required to rule out 

hardness completely as a contributing issue.  Recommendations for additional testing are provided. 

If it is determined that the hardness is higher than 50 mg/L CaCO3, it is recommended that the City 

implement Option 1, for upgrade of the existing dry solid sodium fluoride (NAF) system.  However, 

it is noted that even with resolution of the current O&M issues on the sodium fluoride system, 

there is still concern regarding the quality of the foreign supplied sodium fluoride.  If the City is not 

in alignment with accepting the risk associated with this product and the uncertainty associated 

with the level of remedy that the outlined steps in Option 1 may provide, then Option 2, is 

recommended for implementation.  Similarly, if the City finds that the water hardness is not an 

issue, then it is recommended that the City move forward with the conversion of the well system to 

liquid HFA in Option 2.  Conversion to liquid HFA at the well sites will not have a negative impact on 

water quality, in particular, pH levels in the groundwater.  Preliminary modeling indicates that 

switching to liquid HFA at the well sites would only decrease the pH by 0.03 to 0.05 units.  Total 

project costs are presented in Table ES‐5 and ES‐6. 

TABLE ES‐5: GROUNDWATER PRODUCTION WELLS FLUORIDATION SYSTEM IMPLEMENTATION COSTS 
TOTAL PROJECT COSTS – IMPROVE DRY SOLID NAF SYSTEM (OPTION 1 ALL STEPS INCLUDED) 

  COST 

Total Probable Construction Cost $1,365,000 

Design Cost  $150,000 

Construction Management Costs  $100,000 

TOTAL PROJECT COST   $1,615,000 
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TABLE ES‐6: GROUNDWATER PRODUCTION WELLS FLUORIDATION SYSTEM IMPLEMENTATION COSTS 
TOTAL PROJECT COSTS – CONVERT TO LIQUID HFA SYSTEM (OPTION 2) 

  COST 

Total Probable Construction Cost $2,846,000 

Design Cost  $250,000 

Construction Management Costs  $200,000 

TOTAL PROJECT COST  $3,296,000 

Section 4 provides the comparison of O&M requirements with the alternatives and standard 

requirements.   

 

20Year Fluoridation Cost Summary 
The City has been meeting its fluoridation targets and has been operating within an acceptable 

range of costs.  To continue fluoridating, the City will need to provide O&M expenditures and 

upgrade facilities to improve operations and replace aging equipment.  This report outlines 

estimates for on‐going O&M costs and makes recommendations regarding capital projects.  

Table ES‐7 and ES‐8 summarize the capital, O&M, 20‐year future value, present value, and 

annualized costs of the combined recommended improvements.
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TABLE ES‐7 FLUORIDATION FACILITIES IMPROVEMENTS SUMMARY 
  Base 2011 Costs  Total City Fluoridation Costs 

Description 
2011 Capitol 
Projects 

O&M 
Equipment 
Replacement 

O&M 
Chemical 

O&M  
Labor 

Total 2011 O&M 
Costs 

PW Annualized FW 

Current System at 
Wells, EAF and Sac 
River 

  $19,756  $491,876  $445,305  $956,937       

Wells –Improve Dry 
Solid NAF System 

EAF – Liquid HFA in 
New Building 

Sac River WTP Future 
Equipment 
Replacement 

$2,258,000  $18,000  $493,000  $399,000  $910,000  $26,289,000 $1,686,000 $43,077,000 

Wells – Convert to 
Liquid HFA 

EAF – Liquid HFA in 
New Building 

Sac River WTP Future 
Equipment 
Replacement 

$3,739,000  $29,000  $587,000  $318,000  $934,000  $29,104,000  $1,867,000  $47,690,000 

Note: Chemical costs are based on the current target dose.  The USEPA is currently considering a reduction in optimal fluoride levels to 0.7 mg/L; which may 

reduce annual chemical costs by approximately $65,000. 
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TABLE ES‐8 SUMMARIZES THE FUTURE VALUE, PRESENT VALUE, AND ANNUALIZED COSTS FOR THE PRESENT AND FUTURE EQUIPMENT REPLACEMENT, AND THE 
TOTAL CITY FLUORIDATION COSTS MINUS THE EQUIPMENT REPLACEMENT COSTS.TABLE ES‐8 FLUORIDATION FACILITIES IMPROVEMENTS SUMMARY 

  Present and Future Equipment 
Replacement Total City Fluoridation Costs less Equipment Costs 

Description  PW 
Annualized 

FW  PW 
Annualized 

FW 

Wells –Improve Dry Solid 
NAF System 

EAF – Liquid HFA in new 
Building 

Sac River WTP Future 
Equipment Replacement 

$6,065,000  $389,000  $9,938,000  $20,224,000  $1,297,000  $33,139,000 

Wells – Convert to Liquid 
HFA 

EAF – Liquid HFA in new 
Building 

Sac River WTP Future 
Equipment Replacement 

$8,073,000  $518,000  $13,228,000  $21,031,000  $1,349,000  $34,462,000 

Note: Chemical costs are based on the current target dose.  The USEPA is currently considering a reduction in optimal fluoride levels to 0.7 mg/L; which may 

reduce annual chemical costs by approximately $65,000. 
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FIGURE ES‐1: COST OF FLUORIDATION COMPARISON OF RECOMMENDED OPTIONS 
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1. BACKGROUND 
The City of Sacramento (City) currently provides fluoridation at their 27 well sites, the E.A. Fairbairn 

Water Treatment Plant (WTP), and Sacramento River WTP.  Sodium fluoride is used at the well sites 

and hydrofluosilicic acid (HFA) is used at the two WTPs.  The City has been fluoridating their water 

supply since 2000 and is experiencing higher than expected operation and maintenance (O&M) 

costs with the well site systems.  The City has retained Black & Veatch to review the existing 

fluoridation facilities and provide recommendations on the following: 

 Identify best management practices (BMPs) for fluoridating the water supply. 

 Identify and recommend upgrades needed to meet these BMPs. 

 Identify opportunities to lower the total cost of providing fluoridation to the water supply. 

 Develop cost estimates for capital improvements and ongoing O&M. 

1.1. City of Sacramento Water System Overview  

The City currently distributes approximately 46 billion gallons of water annually to 

approximately 136,700 service connections through two WTPs and groundwater wells.  The 

City serves approximately 486,000 people (source: California Department of Finance, 

1/1/2010), and their ongoing fluoridation costs break down to approximately $1.93 per person.  

If the total cost of service was averaged throughout all service connections on a monthly basis, 

the cost would be approximately $0.57 per connection per month.  Operation data for average 

and maximum day demand over the past three years (2007‐2010) at the two WTPs and from 

the City’s groundwater wells are summarized in Table 1‐1 and Table 1‐2.  The City’s two WTPs 

account for majority of the total water supply while 11 to 15 percent is provided through the 

City’s groundwater wells (see Figure 1‐1).  The majority of the City’s groundwater wells each 

contribute less than 5 percent (typically in the range of 2 to 4 percent) of the total City water 

production.   

TABLE 1‐1: OPERATIONS SUMMARY (2007‐2010) 

  AVERAGE DAY (MGD)  MAXIMUM INSTANTANEOUS (MGD)1 

Plant  2007‐2008  2008‐2009  2009‐2010  2007‐2008  2008‐2009  2009‐2010 

E.A. Fairbairn  57.1  55.1  50.8  110.5  102.2  94.9 

Sacramento River  66.6  60.8  52.6  122.9  114.3  103.1 

Groundwater 
Wells 

18.6  17.3  17.1  23.8  21.9  20.5 

1.  Maximum instantaneous flow at plants is maximum hourly.  Maximum instantaneous flow at 
wells is maximum monthly. 
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TABLE 1‐2: WELL PRODUCTION DATA SUMMARY (2008‐2010) 

WELL # 
AVERAGE FLOW 

(GPM)1 
MAX FLOW  
(GPM)1 

AVERAGE FEED RATE OF 
SODIUM FLUORIDE 
SOLUTION (GPD) 

Well 083  406  455  58 

Well 092  813  939  112 

Well 093  415  590  62 

Well 094  855  995  124 

Well 107  635  798  98 

Well 116  620  789  92 

Well 120  550  800  91 

Well 122  467  539  68 

Well 124  572  726  86 

Well 126  625  800  N/A 

Well 127  535  631  66 

Well 129  524  665  74 

Well 131  424  800  66 

Well 133  783  1003  115 

Well 134  723  855  104 

Well 137  535  619  78 

Well 138  529  664  85 

Well 142  970  1092  23 

Well 143  397  442  52 

Well 144  482  633  65 

Well 153  1076  1259  152 

Well 154  551  658  84 

Well 155  825  1032  126 

Well 156  472  1050  74 

Well 158  754  862  121 

Well 159  472  728  68 

Well 164  847  1179  N/A 
1Based on recorded SCADA Flow rates (gpm): 1/1/2008 to 11/19/2010 
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FIGURE 1‐1: WATER SUPPLY CONTRIBUTION FROM WTPS AND GROUNDWATER SUPPLY (2007‐2010) 

1.2. City of Sacramento Fluoridation Facilities Overview 

1.2.1. Fluoride Dosage Summary 
The fluoride concentration in the water system is generally within the target range of 

0.7 mg/L to 1.3 mg/L.  Sampling data has been collected since the systems went on‐line 

in the year 2000 to track the fluoride concentration.  Table 1‐3 summarizes the 

concentration at the two water treatment plants, the wells, and at various points in the 

distribution system and highlights the percent occurrence of given fluoride 

concentrations.  It is noted that the USEPA is considering a reduction in the optimal 

fluoride levels which would potentially reduce the City’s target to 0.7 mg/L. 
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TABLE 1‐3 FLUORIDE CONCENTRATION SUMMARY 
Variation in Fluoride Concentration (mg/l)1 

Percent 
Occurring 

Injection Point  Distribution 
System EAFWTP SRWTP  Wells 

0%  0.42  0.23  0.11  0.10 

1%  0.70  0.67  0.62  0.60 

5%  0.74  0.74  0.77  0.73 

10%  0.76  0.76  0.82  0.75 

20%  0.77  0.79  0.88  0.77 

30%  0.79  0.82  0.91  0.79 

40%  0.80  0.83  0.94  0.81 

50%  0.81  0.84  0.96  0.82 

60%  0.82  0.86  0.99  0.84 

70%  0.84  0.88  1.02  0.85 

80%  0.86  0.91  1.06  0.88 

90%  0.89  0.95  1.11  0.93 

95%  0.92  0.97  1.16  0.98 

99%  1.00  1.02  1.27  1.10 

100%  1.01  1.22  4.00  1.93 

Average  0.82  0.85  0.96  0.83 

St Dev  0.06  0.09  0.15  0.09 

1: All results based on laboratory evaluated samples 

Recommended Range: 0.7 to 1.3 mg/l   

Sample Dates: 2000 to current 

   

The fluoride concentration is further summarized in Table 1‐4 and highlights the 

percentage of samples within the recommended control range. 
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TABLE 1‐4: FLUORIDE CONCENTRATION RANGE SUMMARY 
Percentage of Fluoride Concentration 

Samples  Within 0.7‐1.3 mg/l 
Recommended Control Range 

EAFWTP  99.1% 

SRWTP  97.5% 

Wells  97.0% 

Distribution System  96.9% 

All results based on laboratory evaluated samples 

Sample Dates: 2000 to current 

 

1.2.2. E.A. Fairbairn Water Treatment Plant 

The HFA system at the E.A. Fairbairn WTP consists of fiberglass reinforced plastic (FRP) 

storage tanks, diaphragm metering pumps, magnetic flow meters, and online fluoride 

analyzers. 

The E.A. Fairbairn WTP liquid HFA system was installed in 2000 in an outdoor location 

adjacent to the filters.  The storage tanks are located in an uncovered containment area, 

and the chemical feed pumps are in a fiberglass shelter adjacent to the storage tanks.  

Photos of the HFA system at E.A. Fairbairn WTP are provided in Figure 1‐2. 

FIGURE 1‐2: E.A. FAIRBAIRN WTP HFA SYSTEM 

The City has experienced maintenance issues with the bulk storage and chemical feed 

piping located outdoors in an uncovered environment.  During rain events, rain water 

collected inside the exposed containment area requires testing and manual pumping for 

disposal.  This process increases the maintenance time associated with the system and 

exposes operators to a potentially hazardous situation. 
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The City also indicated that the equipment is over 10 years old and with continuous 

exposure to the elements may be due for replacement.   

1.2.3. Sacramento River Water Treatment Plant  

The Sacramento River WTPs liquid HFA system, with equipment that is similar to that at 

the E.A. Fairbairn WTP, was installed in 2000 in an outdoor location.  However, during 

2004, the Sacramento River WTP was expanded, and a new chemical feed building was 

constructed.  The HFA system was replaced in 2007 and moved inside the new chemical 

storage building.  Photos of the current HFA system, enclosed in the chemical feed 

building, are provided in Figure 1‐3. 

FIGURE 1‐3: HFA SYSTEM AT SACRAMENTO RIVER WTP 

The City’s operation staff has indicated that they are not experiencing any particular 

issues with the Sacramento River WTP fluoridation equipment.  Based on an installation 

year of 2007, the tanks, piping, and valves will likely need replacement in the next 10 to 

15 years, whereas the metering pumps should last at least 20 years. 

1.2.4. Well Sites  

Fluoridation at the 27 well sites is carried out using dry solid sodium fluoride saturator 

systems. The fluoride chemical feed systems are housed in fabricated storage sheds or 

inside masonry buildings.  In addition to the sodium fluoride system, gas chlorine feed 

systems and electrical and instrumentation equipment are installed inside the same 

enclosure.  Each site consists of an upflow saturator, water softener assembly, solenoid 

type chemical metering pump, and accessories.  The City noted that most of the well 

sites use a Digipulse type flow indicator that has small magnets that routinely need to 

be replaced.  Photos of a typical well site sodium fluoride saturator are provided in 

Figure 1‐4.   
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FIGURE 1‐4: PHOTOS OF SODIUM FLUORIDE FEED SYSTEM AT WELLS (TYPICAL) 

As indicated in Figure 1‐4, the chemical feed systems are in fairly confined areas, and 

minimal room is available for expansion or rearrangement of existing equipment.  The City 

indicated that a few sites are in masonry block buildings and there is more room for 

modifications in those buildings.  However, the majority of the well sites are in installations 

similar to that depicted in Figure 1‐4. 

1.3. Fluoridation Operations and Maintenance Summary 

The City provided a list of several issues associated with the existing sodium fluoride systems at 

the wells.  The following subsection is an abbreviated list.  The complete list is included in 

Appendix A.  These issues are addressed in Section 2 and Section 3 of this report. 

1.3.1. Quality of the Product 

The City raised concerns about the quality of dry solid sodium fluoride produced in 

countries outside the US, the overall content of the material (i.e., 44% fluoride and 56% 

other content), and whether there are strategies to ensure a higher level of quality 

when specifying the chemical. 

1.3.2. Equipment Failure and Loss of Production 

The City is experiencing higher than anticipated O&M costs addressing pump 

malfunctions; clogged injectors and pipelines; failures of injectors, diaphragms, fittings, 

screens, flow indicators, floats, and diffusers; and troubleshooting the calculated well 

production rates and the chemical dosage and feed rates with measured data in order 

to maintain good records.  Figure 1‐5 presents photos of a new injector quill and used 

injector quill with evidence of clogging that builds up over time. 
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FIGURE 1‐5: PHOTOS OF SODIUM FLUORIDE INJECTOR AT WELLS (NEW AND WITH CLOGGING) 

 

1.3.3. Safety 

The City raised concerns with safety and security with handling sodium fluoride, worker 

training, and potential impacts if the well systems were switched to HFA fluoridation 

systems. 

1.3.4. Additional Costs and Issues 

The City raised various other concerns that include cleaning the sodium fluoride 

equipment (saturators, water softeners), time required to document fluoride related 

activities and paperwork, and general funding issues for capital and O&M costs and 

adequate staffing. 
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2. FLUORIDATION SYSTEMS OVERVIEW 

2.1. General Description 

Fluorine (F) is a highly reactive halogen gas and is the most electronegative of all elements.  

Because of this, it is difficult, if not impossible, to oxidize it to a positive state.  Thus, it is not 

found in a free state in nature and instead found in combination with other elements as 

fluoride compounds.  When dissolved in water, these fluoride compounds dissociate into ions.   

Fluoride is present in small but widely varying amounts in practically all soils, water supplies, 

plants, and animals, and thus is a normal constituent of all diets.  The highest concentrations in 

mammals are found in the bones and teeth.  All public water supplies in this country contain at 

least small amounts of natural fluoride.   

2.2. Purpose of Fluoridation 

Many public water utilities add fluoride to their water to reduce the incidence of tooth decay, 

which is the most prevalent chronic disease according to the Centers for Disease Control and 

Prevention (CDC).  Three different types of fluoride compounds are commonly used by 

municipal water utilities to fluoridate water: 

 Hydrofluosilicic acid  

 Sodium fluoride 

 Sodium silicofluoride 

All three of these systems are considered viable options for the City of Sacramento. The 

fluoridation systems in consideration use chemicals in either the dry (granular or powder form) 

or liquid form.  The fluoride chemicals that are manufactured and delivered in the dry form 

(sodium fluoride and sodium silicofluoride) are mixed into dilute solution on‐site while 

chemicals delivered in liquid form (HFA) can be fed directly into the water system.  It should be 

noted that the three fluoride compounds are aggressive and toxic chemical compounds that 

should be handled with extreme care.  A brief discussion and comparison of these three 

fluoride addition systems are provided below. 

2.3. Fluoride Addition Systems 

2.3.1. Hydrofluosilicic Acid 

HFA is delivered as a liquid solution that is 24 percent HFA and 76 percent water. 

Roughly 19 percent of the HFA solution is available as fluoride.  HFA feed systems are 

relatively simple compared with dry, solid feed fluoride systems.  HFA may impact the 

pH of the water if adequate alkalinity and buffer capacity is not present in the water 
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supply.  Based on water quality modeling performed on the City’s groundwater supply 

(average values of pH = 7.5, alkalinity = 133 mg/L as CaCO3, and Hardness = 140 mg/L as 

CaCO3), switching to HFA at the well sites would only decrease the pH by 0.03 to 0.05 

units. 

The HFA feed system typically consists of a bulk storage tank, transfer pumps, a day 

tank, and metering pumps which inject the acid into the water supply.  Because the 

chemical is fed as delivered solution, carrier water is not needed and therefore water 

softening is not necessary.  A day tank, with a volume much smaller than the bulk 

storage tank, is provided to reduce the potential for a large overfeed incident and is 

commonly mounted on a scale to monitor fluoride usage.  Since day tanks are not 

currently used at the City’s two WTPs, a waiver from the Department of Public Health’s 

requirement of day tanks may be obtained for the well sites.  A schematic of a typical 

HFA system is presented in Figure 2‐1. 

 

FIGURE 2‐1: TYPICAL HFA SYSTEM PROCESS SCHEMATIC 
Note: The City’s well sites typically use one metering pump and one feed point.  

HFA liquid and its vapor are extremely aggressive, and the highest level of safety must 

be taken to ensure no bodily harm to those working with this chemical.  This includes 

wearing a protective suit and gloves as well as a splash resistant face shield when 

working with the system.  However, under normal operations, minimal contact between 

the operations staff and the fluoride feed system is required since the bulk storage tank 

is filled directly from the chemical delivery truck.  The bulk storage and day tank must be 

properly vented as the hydrogen fluoride fumes are corrosive to most metals and will 

frost glass.  Because dry chemicals and dry feeders are not used with this system, O&M 

activities are generally less frequent then that required for dry chemical feed systems.  
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HFA is typically a 24 percent acid solution. Ground up phosphate rock and sulfuric acid 

are mixed to form a gas. The gas is then combined with water to form a dilute acid and 

then concentrated to the HFA product. Due to the high water content in HFA, shipping 

can be expensive. Thus, at this time it is only available from domestic sources.  

2.3.2. Sodium Fluoride 

Sodium fluoride is available in a dry granular or powder form and is added to a saturator 

tank to be dissolved into a liquid solution.  Powder sodium fluoride is not recommended 

because of the potential for plugging of the saturator and the higher dust levels it 

produces.  In its dry, delivered chemical form, sodium fluoride is very pure; 

approximately 97 percent of the chemical is sodium fluoride, of which roughly 44 

percent is available fluoride.  One of the primary benefits of sodium fluoride is that it 

has a relatively constant solubility at normal operating temperatures, which means that 

it typically produces a 4 percent solution regardless of water temperature.  Therefore, 

monitoring the amount of water added to the saturator is not necessary to ensure the 

proper solution concentration.   

The granular sodium fluoride is added into a saturator tank so as to be dissolved into 

solution.  Dry sodium fluoride is added to the saturator and settles to the bottom where 

dilution water is introduced into the tank using a distributor.  As the water trickles up 

through the bed of sodium fluoride, the fluoride dissolves into solution to produce a 4 

percent solution.  If the dilution water is high in hardness, it would need to be softened 

to prevent fouling and plugging of the water inlet distributor located on the bottom of 

the saturator.  A metering pump is used to accurately control the amount of fluoride 

solution fed to the water main.  A schematic showing the general process of a sodium 

fluoride system is presented in Figure 2‐2. 

With sodium fluoride delivered and stored in a solid form, respirators must be worn 

when working with the dry chemical to avoid inhalation exposure.  These respirators  

and additional safety gear are typically worn during sodium fluoride addition to the 

saturators and during some maintenance activities. 
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FIGURE 2‐2: TYPICAL SODIUM FLUORIDE SYSTEM PROCESS SCHEMATIC 
Note: The City’s well sites typically use one metering pump and one feed point. 

Over the past few years, domestic suppliers of sodium fluoride have removed 

themselves from the market due to low demand. The only exporter of sodium fluoride 

now is China. Typical chemical composition of the delivered sodium fluoride product is 

summarized in Table 2‐1.  

TABLE 2‐1: SODIUM FLUORIDE COMPOSITION (TYPICAL) 
=COMPONENT  CONCENTRATION 
Sodium Fluoride   97%

Available fluoride 44%

Sodium  53%

Water insoluble  0.3%

Moisture (H2O)  0.5%

Heavy Metal (Pb)  0.04%

Sodium silicofluoride (Na2SiF6) 1.5%

Free sodium carbonate (NaCO3) 0.5%

The components and concentrations of foreign sodium fluoride are approximately the 

same as the discontinued domestic sodium fluoride.  However, the City reports a 

decrease in the quality of the sodium fluoride product since it was no longer produced 

domestically.  Impurities in the sodium fluoride solution have been observed (presence 

of third saturation layer in the saturator) and the delivered sodium fluoride bags have 

been damaged.  The following issues should be noted for sodium fluoride:  

 The amount of lead (Pb) in the sodium fluoride is below the National Science 

Foundation (NSF) limit (<1.5 parts per billion [ppb]). The maximum contaminant 

level (MCL) for lead is 15 ppb.   
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 Select sodium fluoride suppliers from China have earned the NSF‐60 approval rating 

for drinking water chemicals. This rating is given upon inspection of the 

manufacturing plant and verified on an annual basis, the NSF‐60 rating cannot fully 

guarantee the quality of the product.  

 The amount of impurities present in the sodium fluoride solution should be 

confirmed by the City.  If it does not meet NSF standards, then use of sodium 

fluoride should be discontinued.  A summary of impurities, its analytical methods, 

NSF Single Product Allowable Concentration (SPAC), and Drinking Water Maximum 

Contaminant Limit (MCL)/Action Levels for these impurities are provided in Table 2‐

2.   

TABLE 2‐2: SUMMARY OF SODIUM FLUORIDE SOLUTION IMPURITIES AND LIMITS 
CONSTITUENT  STANDARD 

METHOD  
NSF SPAC, ppb  DRINKING WATER MCL/ 

ACTION LEVEL, ppb 
Regulated Metals 

Antimony  3500‐sb 0.6 6 

Arsenic  3500‐As 1 10 

Barium  3500‐Ba 200 2000 

Beryllium  3500‐Be 0.4 4 

Cadmium  3500‐Cd 0.5 5 

Chromium  3500‐Cr 10 100 

Copper  3500‐Cu 130 1300 

Lead  3500‐Pb 1.5 15 

Mercury (inorganic)  3500‐Hg 0.2 2 

Selenium  3500‐Se 5 50 

Thallium  3500‐Ti 0.2 2 

Radionuclides 

Beta particle and 
photon activity 

7110  0.4 mrem/yr  4 mrem/yr 

Gross alpha particle 
activity 

7110  1.5 pCi/L  15 pCi/L 

Radium 226 and 228 
(combined) 

7500‐Ra  0.5 pCi/L  5 pCi/L 

Uranium  3500‐U 3.0 ppb 30 ppb 

 If it is not currently in the City’s chemical procurement specifications, it is 

recommended that the City require either (1) an affidavit from the manufacturer or 

supplier that the sodium fluoride provided, according to the purchaser’s document, 

complies with all applicable requirements ANSI/AWWA B701‐06 and is NSF certified; 

or (2) certified analyses of the sodium fluoride, provided by the manufacturer or 

supplier, describing these items as required; or (3) both. 
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The alternative to sodium fluoride is liquid HFA, which is produced domestically and 

whose quality has been stable.  

The City has also reported operational issues with their sodium fluoride systems. These 

issues include scaling of chemical lines, inconsistent sodium fluoride solution 

concentration, and frequent saturator cleaning. While these issues may be tied to the 

quality of sodium fluoride, high water hardness can also cause these problems. It is 

recommended that the City test the hardness of the water downstream of the water 

softener. Refer to Section 3 for a more detailed discussion of the issues resulting from 

hard water.  

2.3.3. Sodium Silicofluoride 

Sodium silicofluoride is delivered in a dry, solid form. Approximately 98‐99+ percent of 

the chemical is sodium silicofluoride, and roughly 60 percent is available as fluoride.  In 

a sodium silicofluoride system, the dry chemical (granular or powder form) is fed into a 

mixing tank by a volumetric or gravimetric feeder.  The feeder meters the dry, delivered 

chemical from the storage hopper into the mixing tank at a variable rate that is flow‐

paced from the process water’s flow rate.  The volumetric feeder delivers the chemical 

on a volume per unit time basis while the gravimetric feeder supplies the chemical on a 

weight per unit time basis.  Water is added to the mixing tank at a constant rate.  Once 

in the mixing tank, the sodium silicofluoride is dissolved into solution and then injected 

into the water system with a constant speed pump. Thus, the dry feeder controls the 

amount of fluoride injected into the system.   

Much like the sodium fluoride system, water hardness is of concern with the dilution 

water, and softening may be required.  The solubility of sodium silicofluoride varies 

widely with water temperature; thus very dilute solutions are prepared to ensure the 

dry chemical dissolves in the mixing tank.  A schematic showing the general process of a 

sodium silicofluoride system is presented in Figure 2‐3. 
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FIGURE 2‐3: TYPICAL SODIUM SILICOFLUORIDE SYSTEM PROCESS SCHEMATIC 
Note: The City’s well sites typically use one metering pump and one feed point. 

Sodium silicofluoride is delivered in a solid form, and respirators must be worn when 

working with the chemical to avoid inhalation exposure. These respirators and 

additional safety gear are typically worn during sodium silicofluoride addition to the 

storage hopper and feeder assembly and during some maintenance activities.  

Sodium silicofluoride feed systems require the most equipment and the most O&M 

attention of the three fluoride feed systems discussed herein.  Several factors may 

affect the accuracy, consistency, and reliability of the feed system.  These factors 

include: 

 Adequate mixing of the dry chemical with dilution water to ensure it goes into 

solution 

 Operation and maintenance of dry feeders (e.g. plugging of dry feeders) 

 Level of control needed to maintain low concentrations required to ensure 

consistency 

 Dilution water temperature changes 

 Consistent dilution water flow rate 

2.3.4. Fluoride Feed System Comparison 
A comparison of the three types of fluoride systems is provided in Table 2‐3. 
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TABLE 2‐3: FLUORIDE SYSTEM COMPARISON 
CRITERIA  HFA  SODIUM FLUORIDE  SODIUM SILICOFLUORIDE 
Chemical Type  Liquid  Dry Solid (batch mix, 

saturator) 
Dry Solid (dry feed into 
mixing tank) 

% Fluoride in Delivered 
Chemical 

~19%  ~44% ~60% 

Solubility (% Solution, 
32‐77 °F) 

Completely Miscible 4.0 ‐ 4.1%
(fairly constant) 

0.44 – 0.76% 
(variable) 

Industry Experience  Common (especially for 
large plants) 

Common (esp. for 
smaller plants) 

Minimal 

Relative O&M 
Requirement 

Low‐Medium Medium High 

Safety  Hazardous Liquid Acid
and Vapors (Requires 
gloves, goggles, and 
aprons, etc.) 

Respirators, gloves, and 
goggles 

Respirators, gloves, and 
goggles 

Water Quality Impacts  Medium‐Low Low Low 

Availability  High   Medium  Low 

Ease of Delivering 
Constant 
Concentration 

High  Medium Low 

Life Cycle Differences 
in Equipment 

Metering Pumps Longer 
Life Cycle 

Metering Pumps 
Shorter Life Cycle 

Metering Pumps 
Shorter Life Cycle 

The sodium silicofluoride system is used by very few utilities, it does not offer significant 

cost advantages over the other two systems, pumps are ten times larger than for 

sodium fluoride (because the chemical is less soluble), and the system is very operator 

intensive compared to the other two alternatives.  Therefore, the sodium silicofluoride 

system is not recommended for further consideration.  Sodium fluoride and HFA 

systems are much more common and have reduced O&M requirements, and thus were 

considered for further evaluation.   

Best management practices (BMPs) for design and system selection for sodium fluoride 

and HFA systems are listed below. 

 HFA Systems: 

 HFA systems are more common at large treatment plants because of the ability 

to store large quantities of the chemical on site without having to prepare batch 

solutions. 

 HFA systems should be considered if excessive sodium fluoride batching is 

required.   

 While sodium fluoride systems are more operation intensive, the HFA systems 

are dangerous and extreme care must be exercised when performing 

operational or maintenance activities to this type of system.  
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 Care must be taken when selecting the materials of construction for equipment 

and rooms, especially for HFA systems. Chemical compatibility and operating 

pressures must be considered.  

 HFA tanks must be properly vented, as the acid and its fumes are very corrosive. 

 Sodium Fluoride Systems: 

 Dry sodium fluoride may provide greater flexibility for remote, small systems 

since it could be supplied in 50‐pound bags.  The dry sodium fluoride could be 

directly added to a saturator, or a four percent sodium fluoride solution could 

be batched at a centralized location and transported to a tank at the well‐site or 

WTP for direct injection.   

 Batching of sodium fluoride solution can be relatively time consuming and 

operator intensive, especially at larger facilities, but is commonly used at well 

sites and smaller plants. 

 Sodium fluoride dust released during bag unloading is a safety concern.  

 Routine cleaning of sodium fluoride saturator and distributor is required. If 

water hardness is less than 50 ppm, saturator cleaning is required every 6 to 12 

months.  

 A water softener, and periodic regeneration, is required for sodium fluoride 

systems.  

2.3.5. Staffing Requirements 

Staffing requirements are dependent on the number of well‐sites and WTPs in 

operation, the capacity at which they are operating, and the type of fluoride system 

used at the different locations.  In general, the HFA system operates similar to other 

chemical feed systems where the chemical tanker truck delivers the liquid chemical on‐

site to re‐fill the bulk storage tank.  A chemical feed system technician needs to be 

present when the tank is being filled.  In addition, the HFA day tank fill cycle must be 

started manually, either at the pump or at a central control station.  

For the sodium fluoride system, the dry chemical is typically added to the saturator by 

the chemical feed system technician.  If multiple bags of sodium fluoride are needed to 

meet daily demands, dedicated personnel may be required to load the dry chemicals 

and monitor the system. 

It is noted that when the City began fluoridating in 2000, no adjustment in operation 

and maintenance staff was made.  City staff indicate that as a result of O&M activities 

on the fluoride systems at the wells, other routine groundwater system O&M activities 
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have been deferred.  The time associated with O&M of the City systems and 

recommendations are detailed in Section 4 and Section 5 of the report. 

2.4. Comparable Fluoride Systems Overview 

As part of the overall effort to optimize and enhance the City’s fluoridation operations, surveys 

were conducted for fluoridation facilities using both HFA and sodium fluoride.  The utilities 

surveyed and highlights of their fluoridation system are summarized in Table 2‐4. The full 

questionnaire and utility responses are provided in Appendix B.  The three utilities interviewed 

for this study are satisfied with their HFA system and its operation. The most significant issue 

with HFA was materials of construction and its compatibility with the chemical. The opinions of 

safety vary from utility to utility. For example, Long Beach Water Department felt the acid 

system was safer because their staff would not be required to directly handle dry chemical and 

its dust. On the other hand, Santa Monica felt that sodium fluoride was safer because it does 

not have the corrosive properties that HFA does. Santa Monica (sodium fluoride user) is 

reporting the highest maintenance costs, but the chemical cost of the HFA is higher. Overall, 

users of HFA and sodium fluoride are content with their systems.  

TABLE 2‐4: SUMMARY OF UTILITY SURVEY OF FLUORIDATION FACILITIES 
UTILITY  TYPE OF 

FLUORIDE USED 
TREATMENT 

SYSTEM 
KEY HIGHLIGHTS 

Metropolitan 
Water District of 
Southern 
California 

HFA  Surface 
Water 
Treatment 
Plants 

 Hydrofluosilicic acid was selected due to the large 
treatment capacities of the WTPs (>100 million gallons 
per day [mgd]) 

 Range of 478 to 1,630 gallons of delivered acid per day 
and on average, 14 days of storage is maintained 

 Majority of the O&M issues occurred at start‐up and 
were tied to the corrosive nature of the HFA and 
material compatibility.   

 Generally happy with the system with the exception of 
the quality of the online analyzers (need to be checked 
daily by grab samples for accuracy) 
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UTILITY  TYPE OF 
FLUORIDE USED 

TREATMENT 

SYSTEM 
KEY HIGHLIGHTS 

Long Beach 
Water 
Department 

HFA  Groundwater 
Treatment 
Plant 

 HFA was selected at the Long Beach’s 62.5 mgd 
groundwater treatment plant due to ease of operation 
and safety 

 14,000 gallons is stored on‐site and approximately 0.5 
milligrams per liter (mg/L) of F is added, monitored 
through online analyzers, on average through 
metering pumps. 

 Generally happy with the system overall 

 Approximately 3 hours per day is spent on fluoride 
operations (including deliveries and lab analysis, every 
4 hours to confirm online measurement) 

City of 
Huntington Beach 

HFA  Groundwater 
Wells 

 Central storage facility is used to serve 10 well sites, 
each with a capacity of 2,700 gallons per minute 
(GPM) 

 Each well averages 18 gpd of fluoride added 
 City’s operations staff is responsible for transport from 
bulk storage to each individual well site.  A special 
chemical transport truck is required and must meet 
Department of Transportation requirements. 

 Approximately 1‐2 hours per week is spent on fluoride 
system maintenance 

City of Santa 
Monica 

Sodium 
Fluoride 

Groundwater 
Well 
 
Groundwater 
Treatment 
Plant 

 Uses sodium fluoride for groundwater well and WTP.  
The groundwater well is approximately 240 gpm in 
capacity and the new WTP rated at 8.8 mgd.  However, 
the WTP was just started up in December of 2010. 

 Sodium fluoride was selected over HFA due to safety in 
chemical handling and transport 

 Sodium fluoride is batched (using 50 pound bags) at 
central location and transported weekly to well site.  
Approximately 300 gpd is fed at the groundwater well 

 Have experienced varying bulk concentration of 
fluoride in saturator 

 Experienced issues with quality of sodium fluoride 
product from China with the primary issue being 
scaling and clogging of chemical feed pipes. 

 Approximately 10 hours per month is spent on O&M of 
sodium fluoride system serving a single, 240 gpm 
groundwater well. 
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3. FLUORIDATION SYSTEM OPTIONS FOR IMPROVEMENTS 

This section of the report provides a discussion of the condition assessment of the City’s existing 

fluoridation facilities and options for improvements at the City’s Sacramento River WTP, E.A. 

Fairbairn WTP, and groundwater production wells.  Costs are presented in Section 4, and 

recommendations and project implementation steps are in Section 5. 

3.1. Sacramento River Water Treatment Plant 

The Sacrament River WTP currently provides fluoridated treated water by adding liquid HFA to 

the final product water.  The HFA system is designed for a current maximum month plant 

production flow of 80 mgd and maximum plant design capacity flow of 160 mgd (City of 

Sacramento Fluoridation Preliminary Design Memorandum, 1999).  Existing bulk storage tanks 

and metering pumps are enclosed within a building and are in good working condition. The bulk 

storage tanks are sized for a full truckload.  

In discussions with plant operation staff, during Black & Veatch’s site visit (December 2010), the 

existing HFA system requires minimal troubleshooting and maintenance outside of routine 

checks.   Table 3‐1 represents design criteria for future replacement of the system. 

TABLE 3‐1: DESIGN CRITERIA FOR HFA SYSTEM AT SACRAMENTO RIVER WTP 
CRITERIA   DESIGN VALUE 
Chemical Information 

Delivered Chemical   24% HFA, 19% as fluoride,
SG = 1.211 

Fed Chemical  24% HFA, 19% as fluoride,
SG = 1.211 

Plant Flow, MGD 

Current Max Month  80

Maximum Plant Design  160

Chemical Dosage mg/L as 
100% Fluoride 

0.7

Chemical Feed Rate, gallons per day of 24% hydrofluosilicic acid

Current Max Month  243

Maximum Plant Design  487

Bulk Chemical Storage Tank 

           Type  Vertical cylindrical tank

Tank Material Fiberglass Reinforced Plastic

Tank Number  Two (2) 

Tank Volume, usable gallons  5,400

Diameter, feet  10

Straight side height, feet  11
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CRITERIA   DESIGN VALUE 
Days of Storage 

Recommended 
Minimum  
Current Max Month 
Maximum Plant 
Design  

30 days at current max month conditions 
 
44 
 
22 

           Level Measurement  Ultrasonic level transmitter
Sight gauge 

Metering Pumps 

Type   Motor driven diaphragm metering pumps

Quantity  Two (1 duty, 1 standby)

Pump Control  • Manual and automatic start‐stop
•  Manual and automatic stroke speed adjustment 
•  Manual and automatic stroke length adjustment 

 

3.1.1. Condition Assessment of Existing Facility 
The remaining useful life of the fluoridation equipment was evaluated at the Sacramento River 

WTP. 

The City staff indicated that the fluoridation facilities were updated in 2007 and moved 

indoors.  Table 3‐2 indicates the typical service life of fluoridation equipment, and the age of 

the equipment at the Sacramento River WTP. 

TABLE 3‐2: COMPARISON OF FLUORIDATION FACILITY SERVICE LIFE (SAC RIVER) 
SYSTEM COMPONENT  TYPICAL SERVICE LIFE RANGE  SAC RIVER WTP EQUIPMENT 

STATUS 
OUTDOORS  INDOORS 

FRP Storage Tanks  10 years 15+ years 4 years, indoors

Diaphragm Metering Pumps (Milroyal)  10+ years 20+ years 4 years, indoors

Polyvinyl Chloride (PVC) piping (w/protective coating) 10 years 10+ years 4 years, indoors

Accessories  
(valves, instrumentation) 

5‐10 years 10+ years 4 years, indoors

1Air surge from the unloading of chemicals from trucks to the storage tanks has a significant impact on the service 
life of the storage tanks.  The vibration caused by the air surge can cause cracks in the inner lining which allows the 
fluoride to reach the fiberglass strands.  Oversized tank vents (e.g., 6‐inches or 8‐inches diameter vent) will help to 
extend the life of a tank. 

The fluoridation equipment is still fairly new, and should not need replacement for at least 

another 6 years.  It is anticipated that the piping, valves, and instrumentation devices would 

need to be replaced first (2017 timeframe), followed by the tanks (2022) and the diaphragm 

metering pumps (2027).  The typical service life can vary based on the particular service 

conditions, so the replacement dates should be monitored. 
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3.2. E.A. Fairbairn Water Treatment Plant 

A condition assessment of the HFA system at the E.A. Fairbairn WTP and options for 

improvements are provided in this section. 

3.2.1. Condition Assessment of Existing Facility 

The fluoridation system at the E.A. Fairbairn WTP uses liquid HFA and is designed for a current 

maximum month flow of 75 mgd and maximum plant design capacity flow of 200 mgd (City of 

Sacramento Fluoridation Preliminary Design Memorandum, 1999).  The two existing, 6,000 

gallon, HFA storage tanks are located outside and not covered.  Only the chemical metering 

pumps are enclosed within a building.  This system was originally intended to be a temporary 

facility, but has now been in operation for about 10 years.  During Black & Veatch’s site visit 

(December 2010), the following deficiencies were noted based on visual observation and 

discussions with plant operating staff: 

 Upon visual inspection and comparison with the enclosed HFA facility at the Sacramento 

River WTP, the bulk storage tanks and chemical feed pipes were degrading faster than 

those enclosed in a building. 

 During rain events, operation staff has to confirm that rainwater collected in the 

containment is not from leaks or spills from the HFA system before it can be pumped and 

discharged.  This has increased the testing and O&M requirements associated with 

maintaining the HFA system. 

An assessment was conducted of the remaining useful life of the fluoridation facilities at the 

E.A. Fairbairn WTP and is summarized in Table 3‐3. 

TABLE 3‐3: COMPARISON OF FLUORIDATION FACILITY SERVICE LIFE (EAF) 
SYSTEM COMPONENT  TYPICAL SERVICE LIFE RANGE  E.A. FAIRBAIRN EQUIPMENT 

STATUS 
OUTDOORS  INDOORS 

FRP Storage Tanks  10 years 15+ years 10 years, outdoors

Diaphragm Metering Pumps (Milroyal)  10+ years 20+ years 10 years, indoors

Polyvinyl Chloride (PVC) piping (w/protective coating) 10 years 10+ years 10 years, outdoors

Accessories  
(valves, instrumentation) 

5‐10 years 10+ years 10 years, outdoors/indoors

1Air surge from the unloading of chemicals from trucks to the storage tanks has a significant impact on the service 
life of the storage tanks.  The vibration caused by the air surge can cause cracks in the inner lining which allows the 
fluoride to reach the fiberglass strands.  Oversized tank vents (e.g., 6‐inches or 8‐inches diameter vent) will help to 
extend the life of a tank. 

The fluoride bulk storage tanks and chemical piping at E.A. Fairbairn WTP are located outside 

and are not covered.  Thus, as the City’s staff has indicated, the bulk storage tanks and chemical 

piping are near the end of their useful life.  However, the chemical metering pumps and 
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chemical feed piping, from the chemical metering pumps to the injection point, are all located 

indoors and still have service life remaining. 

3.2.2. Options for Modifications and Improvements 

Because the equipment housed inside has remaining useful life, reuse of that equipment and 

construction of a building or canopy to cover the new tanks in the existing location was 

considered.  However, the space available is not sufficient to properly construct a new canopy 

or building and therefore this option is not considered further.  Three options are available for 

upgrading the fluoridation system at E.A. Fairbairn WTP: 

 Option 1 – Replace the fluoridation equipment and reuse the existing space; no covering. 

 Option 2 ‐ Construct the new bulk storage tanks (each sized for a truckload) and metering 

facility and provide a canopy structure over the equipment.   

 Option 3 ‐ Construct new bulk storage tanks (each sized for a truckload) and metering 

facility inside a chemical containment area, enclosed in a building structure similar to the 

fluoridation facilities at the Sacramento River WTP. 

The new facility could be constructed on the other side of the existing access road where the 

decommissioned lime storage silos are located (see Figure 3‐1).  This would allow the City to 

construct the new HFA facility and minimize interruptions to existing operations. 

 

FIGURE 3‐1: LOCATION OF NEW HFA FACILITY AT E.A. FAIRBAIRN WTP 

Preliminary design criteria for a new HFA facility at E.A. Fairbairn WTP are provided in Table 3‐4 

and a Process and Instrumentation Diagram (P&ID) outlining the proposed HFA system at WTP 

is presented in Figures 6 and 7 in Appendix C.   

Proposed Location 
of New HFA Facility
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TABLE 3‐4: DESIGN CRITERIA FOR NEW HFA SYSTEM AT E.A. FAIRBAIRN WTP 
CRITERIA   DESIGN VALUE 
Chemical Information 

Delivered Chemical   24% HFA, 19% as fluoride,
SG = 1.211 

Fed Chemical  24% HFA, 19% as fluoride,
SG = 1.211 

Plant Flow, MGD 

Current Max Month  75

Maximum Plant Design  200

Chemical Dosage mg/L as 
100% Fluoride 

0.7

Chemical Feed Rate, gallons per day of 24% hydrofluosilicic acid

Current Max Month  228

Maximum Plant Design  609

Bulk Chemical Storage Tank 

           Type  Vertical cylindrical tank

Tank Material Fiberglass Reinforced Plastic

Tank Number  Two (2) 

Tank Volume, usable gallons  6,000

Diameter, feet  10

Straight side height, feet  11

Days of Storage 
Recommended 
Minimum  
Current Max Month 
Maximum Plant 
Design 

30 days at current max month conditions 
52 
20 

           Level Measurement  Ultrasonic level transmitter
Sight gauge 

Metering Pumps 

Type   Motor driven diaphragm metering pumps

Quantity  Two (1 duty, 1 standby)

Pump Control  • Manual and automatic start‐stop
•  Manual and automatic stroke speed adjustment 
•  Manual and automatic stroke length adjustment 

 

The three options are all anticipated to have similar O&M requirements.  The City reported that 

with the storage tank area exposed, there is recurring maintenance to pump out rainwater, and 

also evaluate whether there is any chemical in the rainwater.  Although this maintenance 

activity would be reduced if there is a canopy structure (Option 2), and virtually eliminated if 

the entire facility is in a masonry building (Option 3), both the canopy structure and masonry 

building would require maintenance on their coating systems and electrical and HVAC systems, 

offsetting the previously mentioned O&M reduction.   
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3.3. Groundwater Production Wells 

The City currently owns and operates 27 groundwater production wells.  Chlorine and fluoride 

are added prior to the groundwater being pumped into the distribution system.  Fluoridation at 

the groundwater wells utilizes sodium fluoride.  The sodium fluoride system consists of a water 

softener, Digipulse flow sensor, saturator, and dry 50 pound sodium fluoride bags added to the 

saturator.  A condition assessment and options for improvements for fluoridation at the 

groundwater wells are provided in the subsections below. 

3.3.1. Condition Assessment of Existing Groundwater Well Fluoridation System 

Three groundwater wells (Well 158, Well 156, and Well 122) were visited by Black & 

Veatch during the December 2010 site visit in order to evaluate the fluoridation 

systems.  These three wells were visited rather than visiting all well sites because the 

repair and configuration of the well system was sufficiently represented within the three 

sites. All equipment was installed at the same time. 

The majority of the sodium fluoride systems for the groundwater wells were installed in 

2000, and only the chemical metering pumps have been replaced or rebuilt periodically.  

Table 3‐5 indicates the typical service life of the well fluoridation facilities. 

TABLE 3‐5: COMPARISON OF FLUORIDATION FACILITY SERVICE LIFE (WELLS) 
SYSTEM COMPONENT  TYPICAL SERVICE LIFE RANGE  GROUNDWATER WELL 

EQUIPMENT STATUS 
OUTDOORS  INDOORS 

Polyethylene Saturator Tank  5 years 10 years 10 years, indoors 

Solenoid Metering Pumps (LMI)1  2+ years 3‐4 years 2‐4 years, indoors 

Polyvinyl Chloride (PVC) piping 
(w/protective coating) 

10 years 10+ years 10 years, indoors 

Accessories  
(valves, instrumentation) 

5‐10 years 10+ years 10 years, indoors 

1. Pumps can be rebuilt generally twice to prolong the service life.

As indicated in the above table, the metering pumps require more frequent 

replacement than the rest of the equipment.  All the fluoridation equipment at the wells 

is nearing the end of its useful life, and should be monitored closely.   

The City indicated that majority of the groundwater wells are similar in size and layout 

to Well 158 (Figure 3‐2), and about four wells are similar to Well 156 (Figure 3‐3).  Well 

122 was selected for the visit since it was recently retrofitted with a Flowline chemical 

flow indicator (Figure 3‐4) that may be more reliable than the current Digipulse sensor. 
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FIGURE 3‐2: SODIUM FLUORIDE SYSTEM AT WELL 158 

 

FIGURE 3‐3: SODIUM FLUORIDE SYSTEM AT WELL 156 

 

FIGURE 3‐4: NEW FLOW INDICATOR AT WELL 122 

The layout of the sodium fluoride and chlorine feed facilities at Well 158 is very compact 

with minimal space available in the storage shed for additions or improvements.  

Chemical facilities at Well 156 are configured in a similar manner as Well 158, but there 

is considerable room available within the chemical storage building for future 

improvements/additions.  As noted by City staff during the Kick‐off Meeting and Site 

visit, the existing sodium fluoride systems are experiencing multiple issues that force 

well shut‐downs and require significant amounts of operator time to repair. A summary 

of these issues is listed below:  
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 Clogging of the sodium fluoride equipment and piping 

 Sodium fluoride saturators require frequent cleaning 

 Inconsistent sodium fluoride solution concentration in the saturator 

 Inconsistent sodium fluoride residual as F, between field measurement and actual 

usage (estimated based on flow) 

 Uncertainty in the quality of delivered sodium fluoride product (e.g. composition of 

other material that is not fluoride). 

These issues related to chemical inconsistencies and equipment failures have resulted in 

increased O&M requirements on the City’s well operation staff.  On average, the City’s 

well operation staff spends 20‐30 minutes per well every two days for routine checks 

and fluoride measurements.  However, the City reports that time spent on fixing and 

troubleshooting the sodium fluoride system can often vary from hours to a full day 

depending on the issue.   

Four options have been identified to resolve these issues and reduce the City’s O&M 

requirements on the sodium fluoride systems.  These options are listed below and 

discussed in more detail in the following subsections. 

 Option 1 – Upgrade Existing Sodium Fluoride System 

 Option 2 – Convert Existing Sodium Fluoride System to HFA 

 Option 3 – Convert to HFA and Hire 3rd Party Contractor for O&M 

 Option 4 – Centralized Sodium Fluoride System 

3.3.2. Option 1 – Upgrade Existing Dry Solid Sodium Fluoride System 

After discussions with City operation staff and reviewing the design of the existing 

sodium fluoride systems, a list of improvements that may enhance and reduce O&M 

requirements was developed and is listed below.  To minimize overall costs, the City 

could implement the recommendations below at a single well and evaluate the 

subsequent performance before implementing these recommendations across all the 

groundwater wells. 

 Step 1: Review water hardness and optimize existing water softening system.   

 Step 2: Provide a new saturator with side facing dilution water distribution ports 

and float control (to maintain constant flow operation of water softener). 

 Step 3: Replace existing metering pumps and provide new chemical piping if scaling 

is suspected from past operations. 
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Step 1: Optimization of Existing Water Softening System: As City staff noted during 

Black & Veatch’s site visit, the water softeners were designed based on criteria set in 

2000 and have not been updated.  In addition, the actual hardness of the water softener 

is not checked routinely to ensure it meets performance requirements during the media 

change out period.  The water softening system is also flow paced with well production 

and varies throughout the day as the groundwater production wells are throttled to 

meet pressure demands in the distribution system.  It is possible that the problems 

associated with equipment clogging, saturator cleaning frequency, and inconsistent 

sodium fluoride solution concentration are the result of hard water. The combination of 

sodium fluoride and hard water will form calcium fluoride, which precipitates out of 

solution and forms scale and may be causing many of the problems noted above.  

Recommendations for optimizing the water softening system are listed below: 

 Review design criteria of water softening system established in 2000 for inlet and 

outlet hardness for the water softening system. 

 Test the hardness of the water downstream of the water softener. If the water 

hardness exceeds 50 mg/L of calcium carbonate (CaCO3) the water hardness is too 

high.  The media regeneration frequency would need to be revisited to meet this 

criterion. It is important that the water hardness of the make‐up supply is verified at 

each well site right before media change out to ensure that the current replacement 

frequency is adequate to maintain the desired hardness levels in the make‐up 

water. 

 Check water softener design for minimum and maximum operating flow rate. If the 

feed water to the softeners is below the minimum flow rate, the water will channel 

through the resin and not be softened. Since the City is currently flow pacing the 

softened water flow rate to the saturator, the water flow may be too low for the 

softener, and this channel effect may be occurring. The best method to control the 

soft water flow to the saturator is to keep it constant and start and stop the flow 

based on liquid level in the saturator. The flow of the water should be set so that it 

is within the acceptable flow range of the water softener.  

 Provide new water softening system should the existing system fail to meet 

performance and design criteria. 

Step 2: New Sodium Fluoride Saturator: Once the water hardness has been confirmed 

and the water softener is operating correctly, operation of the sodium fluoride system 

should be improved.  An additional step to further optimize the system is to install a 

new sodium fluoride saturator to improve consistency of saturated solution 

concentration.  This step should only be implemented if City staff is satisfied that 

hardness was an issue and the modifications in step 1 made considerable improvement 
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to the system.  Sufficient space is available in the existing structures to retrofit with a 

new saturator.  As previously noted, the existing saturators are near the end of their 

useful life.  The City may choose to assess the condition of the saturators and prioritize 

replacement based on condition.  

A new dry sodium fluoride saturator with new dilution water distributor design and float 

controls, to control the softened make‐up water feed into the saturator, could be 

provided to produce a 4% solution as sodium fluoride (or 1.8% as fluoride) in the sodium 

fluoride saturators.  In addition, the new saturator will also have an overflow float 

available, similar to the one that the City currently has in the saturators, to prevent 

overflows of the saturated fluoride solution. The saturator tank can hold 300 pounds of 

sodium fluoride, it is constructed of polyethylene, and it has a water distributor with 

circular holes facing outwards at the bottom. The new saturator with different type of 

water distributer is recommended to prevent clogging issues by utilizing larger circular 

holes as compared to the smaller slotted type of distributer the City currently uses.  Dry 

sodium fluoride is poured into the saturator on top of the water distributor. Water 

discharges from the distributor and flows through the bed of solid sodium fluoride to 

the top of the saturator. As the water flows through the solid sodium fluoride, it 

dissolves into solution. The saturated liquid solution stays on top of the solid sodium 

fluoride. As the solution level drops, a switch opens the water valve and more solution is 

made.  This also improves operation of the water softening system to prevent flow 

pacing operations discussed previously where the make‐up water flow is dependent on 

the well pump. Flow‐pacing this valve is not necessary since the metering pump will 

control the sodium fluoride solution flow to the application point. The saturators 

operate best when: 

 Periodic raking of the sodium fluoride in the saturator is performed to minimize 

channeling effects. 

 The saturator is cleaned at least once per year, and the solid sodium fluoride level is 

above 100 pounds.  It is noted that the City has a goal of cleaning the saturator 

every six months although this increased frequency over the once per year 

recommendation has proven difficult to accomplish and the current schedule is 

closer to once per year. 

 A minimum solid sodium fluoride of 1‐ft and maximum height of 1‐ft and 1‐inch.  

This is based on optimized saturator criteria at the City of Santa Monica for a 36‐

inch tall saturator. 

Step 3: New Metering Pumps and Chemical Piping: This step should only be 

implemented when performance of Step 1 and 2 modifications are satisfactory to the 

City’s operation staff and the City has decided to maintain the sodium fluoride system.  
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The metering pumps have a short useful life (2 to 4 years) and may be clogged due to 

operation under excessive hardness and useful life therefore may be diminished.  One 

new diaphragm metering pump will be installed to feed sodium fluoride solution to each 

injection point. A shelf spare at each well location is recommended which can be 

installed in the event that the duty metering pump breaks or requires extended 

maintenance.  New pumps are recommended because most of the pumps are near the 

end of their useful life and the clogging issues have most likely impacted performance of 

the existing pumps.  Since the sodium fluoride solution is at the top of the saturator, the 

metering pump suction will be through the saturator cover. A magnetic type flow meter 

will be installed on the discharge of each metering pump to monitor the amount of 

sodium fluoride solution fed.   

The sodium fluoride equipment design for each well site will be as listed in Table 3‐6 and 

a P&ID outlining the proposed sodium fluoride system at the well sites is presented in 

Figures 4 and 5 in Appendix C.  

TABLE 3‐6: DESIGN CRITERIA OF NEW SODIUM FLUORIDE SYSTEM 
CRITERIA   DESIGN VALUE 
Chemical Information 

Delivered Chemical   98% sodium fluoride, 44% as fluoride

Fed Chemical  4% saturated sodium fluoride

Chemical Dosage mg/L as 
100% Fluoride 

0.7

Chemical Storage 

Type  50 pound bags

Saturator 

Type  50 gallon polyethylene tank with water distributor 

Quantity  1

Capacity, pounds of sodium 
fluoride per saturator 

300 

Calendar Days of Storage per 
Well Station 

44 to 119

Water Softener 

Quantity  One (1)

Metering Pumps 

Type   Solenoid operated diaphragm metering pumps 

Quantity  Two (1 installed, 1 shelf spare per well site) 

Pump Control  • Automatic start‐stop
•  Manual and automatic stroke speed adjustment 

Improving the well systems as described in Option 1 will resolve several of the issues the 

City is experiencing.  The paragraphs below address a few of the remaining issues 

characteristic of the sodium fluoride system. 
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Consistency of Measured Dose versus Dosed Concentration: City operation staff have 

indicated that the field measured fluoride dose is not consistent with estimated dose 

based on chemical flow delivered.  This could be due to the assumption that the 

saturated fluoride concentration is constant (4% as sodium fluoride [NaF] or 

approximately 1.8% as F) in the calculation based on flow delivered.  The bulk 

concentration may actually vary anywhere between 1.0 and 1.8 percent as F since the 

make‐up softened water fed into the saturator is flow paced with well production.  City 

staff indicated that the well production rate could fluctuate throughout the day based 

on pressure demands in the distribution system.  Other factors such as poor sodium 

fluoride distribution and blockage of make‐up water distributor could also result in 

variation of the saturated concentration in the saturator.  Thus, it is recommended that 

the operation of the softener be based on water levels in the saturator and that the 

operator check both the bulk concentration in the saturator as well as in the product 

water during routine checks. 

Quality of Product: The final issue the City has been experiencing with the sodium 

fluoride system is the quality of the delivered sodium fluoride product. It is 

recommended that the City refuse to accept any sodium fluoride bags that are damaged 

upon delivery. The CDC recommends that 60 to 90 days of fluoride chemical be kept in 

storage. The City currently stores four pallets of sodium fluoride 50‐pound sacks; when 

three pallets are empty, three fresh pallets are delivered. It is recommended that fresh 

pallets be delivered when two are empty. This will increase the frequency of deliveries, 

but it will give the City more time to refuse and replace a damaged pallet.  The City can 

also require in their purchase specifications a current certificate of compliance with NSF 

and AWWA standards for sodium fluoride. 

Safety Equipment: Proper safety equipment should be worn by the City’s well operation 

staff when loading the sodium fluoride into the saturators including mask and cartridge 

or a self‐contained breathing apparatus.  Other protective equipment that should be 

worn includes; gloves, overalls, apron, boots, and dustproof goggles.  Eyewashes should 

be installed near the chemical storage areas and be accessible without any obstructions. 

3.3.3. Option 2 – Convert from Sodium Fluoride to Liquid Hydrofluosilic Acid System 

A second option for the well site fluoridation system is to remove each sodium fluoride 

system and replace it with a liquid HFA system. The advantages of the HFA are listed 

below:  

 HFA is produced in the United States, and there have not been any reports 

concerning chemical quality.  
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 HFA will be transferred by operators from delivered 55‐gallon drums into tanks. The 

drums will be moved with a drum dolly. This eliminates lifting multiple 50‐pound 

bags of sodium fluoride.  No new vehicles are required as drums will be delivered to 

the site by the supplier. 

 The freezing point of HFA is ‐4°F. Thus, crystallization of chemical in the pipes at cold 

temperatures should not be an issue.  

Each HFA system will include the following pieces of equipment: one storage tank, one 

metering pump – installed, and one metering pump – shelf spare.   The equipment 

would be installed in a new shed on‐site. 

HFA will be stored at a common site and delivered in 55‐gallon drums by the City 

maintenance staff to each well site.  HFA will be transferred from the drum into the 

storage tank via drum pump. The metering pump will pull HFA from the tank and deliver 

it to the designated fluoride feed point.  

Storage:  Each storage tank will be sized to hold 90 gallons of chemical so that the entire 

delivery drum can be transferred at once.  Space will be allocated for storage of one 

delivery drum at each well site. To reduce the risk of a fluoride overfeed, the metering 

pump will pull suction from the top of the tank even though flooded suction is typically 

preferred. By pulling from the top of the tank, the tank cannot simply drain itself to the 

feed point.  A vacuum breaker will be provided.  The liquid level in the storage tank will 

be monitored with a scale.  

An alternative to the storage tank is to pull chemical directly from the delivery drum. 

The advantage is eliminating the expense of the storage tank and the required transfer 

of chemical from the drum to the tank. Two drums will be connected to the metering 

pump suction so that fluoride feed can be continuous, and two scales will be required to 

monitor the liquid level of the drums.  

Regardless of the storage type (drum or tank), modifications to each existing well 

station will be required. Due to the corrosive nature of HFA vapors and its 

incompatibility with chlorine, a separate storage enclosure is required for HFA in 

accordance with Chapter 27 of the 2009 International Fire Code (Section 2703.9.8 

Separation of incompatible materials). A secondary containment curb is also 

recommended around all HFA storage and metering pumps.  Sprinklers are required if 

an enclosure is provided for the on‐site HFA storage at each well site.  These 

improvements have been included in the cost estimates for these options in Section 4; 

however, each site would need to be visited to determine if space is available for the 

new enclosure. 
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Metering Pumps. One diaphragm metering pump will be installed to feed HFA to each 

injection point.  A shelf spare will be provided which can be installed in the event that 

the duty metering pump breaks or requires extended maintenance.  A magnetic type 

flow meter will be installed on the discharge of each of the metering pumps to monitor 

the amount of HFA fed.   

The HFA equipment design for each well site is summarized in Table 3‐7, and a P&ID 

outlining the proposed HFA system at the well sites is presented in Figures 8 and 9 in 

Appendix C.    

Safety Equipment: Proper safety equipment should be worn by the City’s well operation 

staff when working with HFA.  Similar protection equipment provided at the City’s two 

WTPs should be provided either on each of the well operator’s trucks or at each well 

site.  The protection equipment includes an eyewash station, mist respirator, acid‐proof 

gloves and protective clothing, safety goggles, and full face shield.  Additional hazardous 

material handling training will be required for the City’s well operation staff to become 

familiar with handling and safety procedures for HFA. 

TABLE 3‐7: DESIGN CRITERIA FOR HFA SYSTEM AT THE GROUNDWATER WELLS 
CRITERIA   DESIGN VALUE 
Chemical Information 

Delivered Chemical   24% HFA, 19% as fluoride,
SG = 1.211 

Fed Chemical  24% HFA, 19% as fluoride,
SG = 1.211 

Chemical Dosage mg/L as 
100% Fluoride 

0.7

Bulk Chemical Storage Tank 

           Type  Vertical cylindrical tank

Tank Material Fiberglass Reinforced Plastic or HDPE

Tank Number  One (1)

Tank Volume, usable gallons  90

Diameter, inches  30

Straight side height, inches  36

Calendar Days of Storage per 
Well Station 

39 to 95

           Level Measurement  Tank scale 
Sight gauge 

Metering Pumps 

Type   Solenoid drive diaphragm metering pumps 

Quantity  Two (1 installed, 1 shelf spare per well site) 

Pump Control  • Automatic start‐stop
•  Manual and automatic stroke speed adjustment 
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3.3.4. Option 3 – Convert to Liquid HFA System and Contract Third Party O&M 

Option 3 for improving fluoridation at the well sites is converting from the sodium 

fluoride system to an HFA system and hiring a third party contractor to deliver the HFA 

and perform visual inspections of the equipment.  Required improvements and 

associated costs will be the same as Option 2 described above. A third party chemical 

delivery service is included to minimize the amount of operator involvement in the 

weekly chemical deliveries. 

Sierra Chemical, a local distributor of chemicals for water treatment facilities, provides a 

similar service to Sacramento Suburban Water District.  Sierra Chemical would be 

responsible for delivery of HFA to each well site at least once a week.  City staff would 

not need to be present during deliveries.  The delivery person would fill the chemical 

storage tank, and also perform a routine site inspection to see if there are any visible 

leaks, broken equipment, or security problems.  The delivery person would contact City 

staff if there are any observed issues, as Sierra Chemical would not be responsible for 

making repairs to the chemical feed equipment.  Costs for this service are described in 

Section 4 of the report. 

3.3.5. Option 4 – Centralized Dry Solid Sodium Fluoride System 

To reduce O&M requirements of the sodium fluoride saturators at each of the well sites, 

a centralized sodium fluoride saturator and storage system could be provided to replace 

the saturators at each well site.  The centralized sodium fluoride saturator and storage 

system would be located at either of the City’s two WTPs.  Saturated sodium fluoride 

solution would be produced through two larger capacity saturators (one duty and one 

standby) at the centralized facility, stored in a bulk storage tank, and transferred to each 

well site on a weekly basis.  A storage capacity of approximately 200 gallons is 

recommended at the well sites to provide 7 days of supply on average.  The centralized 

saturators will use 2,000 pound supersacks, loaded to the saturator via a bulk bag 

loader.  The centralized sodium fluoride saturators would need to be located within a 

building to control any sodium fluoride dust from transferring and loading of dry sodium 

fluoride into the saturators.   

The benefits of having a centralized sodium fluoride saturator and bulk storage over 

individual saturators at each well site are listed below: 

 Reduce saturator O&M requirements from 27 well saturators to 2 larger saturators 

at the centralized facility. 

 Maintain better quality control of saturator condition to produce a more consistent 

saturated sodium fluoride solution. 
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 Eliminate lifting and loading of 50 pound sodium fluoride bags since the supersacks 

are loaded with a forklift or overhead crane. 

However, one of the major drawbacks to having a centralized sodium fluoride facility is 

that minimal large‐scale sodium fluoride saturators exist in the United States.  Thus, 

minimal design and operation data is available for large‐scale sodium fluoride 

saturators.  Furthermore, the 200 gallon storage tank required at each well site would 

not fit in the existing enclosures, and capital upgrades, including a new enclosure, would 

be required.  Due to these drawbacks, as well as the continuing concern over the quality 

of the sodium fluoride available, this option was eliminated from further consideration.  
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4. ENGINEER’S COST OPINION 
This section presents an evaluation of the current O&M costs for the City’s well sites and an opinion 

on the probable construction and O&M costs for modifications to the well sites and the E.A. 

Fairbairn WTP fluoridation system that are described in Section 3. 

4.1. Assumptions and Approach 

Conceptual construction costs presented below are based on B&V’s past experience on 

chemical feed projects of similar scope and size.  The annual O&M costs are based on a detailed 

and labor breakdown from the City that is used to establish the costs for the existing systems, 

and improvements described in Section 3 are based on the City’s breakdown provided for their 

fluoridation facilities at their two water treatment plants, and B&V’s past experience.  The 

construction costs include the following: 

 10% allowance for general conditions (bonds, insurance, etc.) 

 25% construction contingency 

The annual O&M costs include the following: 

 Chemical, water softener (if necessary), and waste disposal costs verified with the City 

and Sierra Chemical  

 Labor rates vary from approximately $70 per hour to $150 per hour based on 

Computer Maintenance Management System (CMMS) data provided by the City.  

Therefore, an average labor rate of $100 per hour has been used in this evaluation. 

 Detailed labor breakdown from the City defines tasks associated with fluoridating the 

water, which includes permitting, sampling, troubleshooting activities, chemical 

delivery, maintenance, accounting, and management. 

 Equipment replacement is included in present value and future value calculations 

based on the typical service life of equipment described in Section 3. 

 City Internal Rate of Return:  The City has provided an internal Rate of Return (ROR) of 

2.5 percent on investments.  This ROR is used to return future expenditures to a 

present worth value, should pre‐funding of improvements occur.  

 Inflation Factor: A value of 4 percent is used for inflation/escalation costs for labor and 

equipment based on historical Consumer Price Index and estimation of future market 

conditions.  A value of 6 percent is used for inflation/escalation costs on chemicals due 

to recent average market performance. 
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 Chemical costs are based on the current target dose.  The USEPA is currently 

considering a reduction in optimal fluoride levels to 0.7 mg/L; which may reduce 

annual chemical costs by approximately $65,000. 

4.2. Current Fluoridation O&M Costs 

4.2.1. Sacramento River WTP 
Table 4‐1 summarizes the current O&M costs at the Sacramento River WTP.  The total labor 

hours are approximately 255, which equals approximately 0.2 full time equivalent (FTE) staff. 

 

TABLE 4‐1: CURRENT O&M COSTS FOR SACRAMENTO RIVER WTP 
 CHEMICAL COST  LABOR 

ESTIMATE 
EQUIPMENT 

REPLACEMENT 
TOTAL 

Hydrofluosilicic Acid  $212,100 $25,200 $500 $237,800  

 

4.2.2. E.A. Fairbairn WTP 
Table 4‐2 summarizes the current O&M costs at the E.A. Fairbairn WTP.  The total labor hours is 

approximately 251, which equals approximately 0.2 FTE staff. 

TABLE 4‐2: CURRENT O&M COSTS FOR E.A. FAIRBAIRN WTP 
 CHEMICAL COST  LABOR 

ESTIMATE 
EQUIPMENT 

REPLACEMENT 
TOTAL 

Sodium Fluoride (Current)  $215,000 $25,100 $500 $240,600  

 

4.2.3. Well Site O&M Costs 

When the City started fluoridating in 2000, O&M requirements for the system were 

anticipated to be low and additional O&M staff was not added at that time.  O&M 

requirements, especially on the well systems, have been higher than anticipated and the 

City has concerns that groundwater O&M issues, outside of the fluoride system, are 

being deferred.  Figure 4‐1 and Figure 4‐2 indicate the average annual O&M costs and 

labor days, respectively, from data provided by the City.    
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FIGURE 4‐1: WELL SYSTEM ANNUAL O&M COSTS 
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FIGURE 4‐2: WELL SYSTEM ANNUAL O&M LABOR DAYS 

Based on the breakdown in Figure 4‐1 and Figure 4‐2, the City is spending approximately 

150 hours per well site, which equates to approximately $15,000 in labor costs per well 

site, annually.  This equates to approximately 3.3 full‐time equivalent (FTE) staff that are 

needed for fluoridation‐related activities.  The City currently has 8 FTEs dedicated to 

O&M on the well system, plus supervisors and management.   Occasionally, additional 

staff, such as machinists and electricians, are drawn upon when more involved repairs 

are required. 

The CMMS data indicates only approximately $4,400 in material costs recorded 

annually.  The total hours required (approximately 1,200 for all 27 wells) annually are 

slightly more than ½ full time equivalent (FTE) for the combined 27 wells.  This is on the 

lower side of typical for O&M of a sodium fluoride system of this size.  However, the City 

notes that the CMMS does not necessarily provide an accurate record of the complete 

costs of maintaining the fluoridation system, because:   

 Much of the O&M work related to fluoride is frequently combined with other 

preventative and corrective work and does not have a standalone work order.  

Extracting only fluoride‐related work would be difficult in such instances. 

 Many costs related to the operations and maintenance of the fluoridation 

systems have been absorbed by the division and are not reflected in CMMS 
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data.  These costs would include trucks, tools, computer equipment, safety 

gear, permits, and fees 

 The work order system does not include any work done by the Water Quality 

Laboratory, engineering, clerical, accounting, procurement and managerial 

staff, all of whom have duties related to fluoridation. 

Table 4‐3 summarizes the approximate current O&M costs for the well fluoridation 

facilities based on information provided by City staff to supplement the CMMS data. 

TABLE 4‐3: CURRENT O&M COSTS FOR WELL SYSTEM 
 CHEMICAL 

COST 
LABOR 
ESTIMATE 

EQUIPMENT 

REPLACEMENT 
TOTAL 

Sodium Fluoride (Current)  $2,400 $14,700 $600 $17,700  

 Total O&M Costs (27 Well Sites)  $478,100*

* O&M costs simplified to generate standard well site costs that are multiplied by 27.  Actual O&M at 
each well site varies.  Reported total O&M costs by City is $478,144. 

 

4.3. Fluoridation System Improvements 

4.3.1. Sacramento River WTP Fluoridation System Improvements 

The fluoride facilities at the Sacramento River WTP were replaced in 2007 and moved 

inside the chemical feed building.  The equipment is in good working condition and has 

a remaining life of approximately 7 to 12 years for the tanks, piping and valving, and 

approximately 17 years for the pumps.  Table 4‐4 presents the O&M and future value 

costs for this system. 

TABLE 4‐4: O&M, FUTURE, AND PRESENT VALUE COSTS FOR SACRAMENTO RIVER WTP 
   CHEMICAL 

COST 
LABOR 
ESTIMATE 

EQUIPMENT 

REPLACEMENT 
TOTAL O&M 

COSTS 
20‐YEAR 
FUTURE VALUE 
COSTS 

PRESENT 
VALUE COSTS 

ANNUALIZED 
COSTS 

Hydrofluosilicic 
Acid System  

$212,100  $25,500  $1,000 $238,600 $10,168,000  $6,205,000 $398,000

         

1. ENERGY COSTS NOT INCLUDED. 
2. Equipment Replacement included in Year 2018, 2023, and 2028. 
3. CHEMICAL COSTS ARE BASED ON THE CURRENT TARGET DOSE.  THE USEPA IS CURRENTLY CONSIDERING A 

REDUCTION IN OPTIMAL FLUORIDE LEVELS TO 0.7 MG/L; WHICH MAY REDUCE ANNUAL CHEMICAL COSTS BY 

APPROXIMATELY $65,000. 

 

4.3.2. E.A. Fairbairn WTP Fluoridation System Improvements 

As noted in Section 3, all outdoor components at EAF are due for replacement.   
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A completely new HFA system would consist of two storage tanks, two diaphragm 

metering pumps, and new ancillary piping, valves, and flow meter.  The new chemical 

feed system can be configured in the same space as the existing equipment with no 

covering (Option 1), under a simple fiberglass canopy structure (Option 2), or can be 

installed in a concrete masonry building (Option 3).  Concrete masonry is recommended 

over a metal building due to the HFA fumes and potential damage to the metal 

structure.  The existing lime storage silos would need to be demolished to make room 

for the new chemical feed system for Option 3, and those demolition costs are included 

in the evaluation. 

A summary of the opinion of probable construction costs (OPCC) for each option at the 

E.A. Fairbairn WTP is summarized in  

Table 4‐5.  The complete OPCC is presented in Appendix D. 

TABLE 4‐5: E.A. FAIRBAIRN WTP FLUORIDATION SYSTEM CONSTRUCTION COSTS 
OPINION OF PROBABLE CONSTRUCTION COST SUMMARY 

  COST 

E.A. Fairbairn HFA System Improvements $219,000 

(Option 1 – Replace Equipment Only)  

General Conditions (Bonds, Insurance, etc)  10% $22,000 

Contingency  25% $60,000 

Mid‐Point of Construction (Rate = 5%, Time = 1.00 years) $ 15,000 

TOTAL PROBABLE CONSTRUCTION COST (OPTION 1 – NO CANOPY) $316,000 

E.A. Fairbairn HFA System Improvements $283,000 

(Option 2 – New Equipment and Canopy Structure in Existing Space)  

General Conditions (Bonds, Insurance, etc)  10% $28,000 

Contingency  25% $78,000 

Mid‐Point of Construction (Rate = 5%, Time = 1.00 years) $ 19,000 

TOTAL PROBABLE CONSTRUCTION COST (OPTION 2 ‐ CANOPY) $408,000 

E.A. Fairbairn HFA System Improvements $618,000 

(Option 3 ‐ New Concrete Masonry Building in new location)  

General Conditions (Bonds, Insurance, etc)  10% $62,000 

Contingency        25% $170,000 

Mid‐Point of Construction (Rate = 5%, Time = 1.00 years) $43,000 

TOTAL PROBABLE CONSTRUCTION COST (OPTION 3 ‐ BUILDING) $893,000 

The O&M costs associated with any of the HFA optional projects at EAF are 

approximately the same and would not change dramatically from the existing O&M 

expenditures.  These are presented in Table 4‐6.  There will likely be more general 

maintenance associated with the uncovered building versus the canopy or building 
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options.  However, the canopy structure and masonry building would require their own 

maintenance. 

TABLE 4‐6: E.A. FAIRBAIRN WTP FLUORIDATION SYSTEM O&M COSTS 
   CHEMICAL 

COST 
LABOR 
ESTIMATE 

EQUIPMENT 

REPLACEMENT 
TOTAL 

Hydrofluosilicic Acid System 
Upgrade 

$215,700 $25,100 $1,000 $241,800 

1. Electricity costs not included.  Based on 2007‐2008, energy usage was approximately $1.7m 
and for 2008‐2009, energy usage was approximately $1.5m. 

2. Plant operated 305 days in 2008‐2009, and 312 days in 2009‐2010. 
3. Chemical costs are based on the current target dose.  The USEPA is currently considering a 

reduction in optimal fluoride levels to 0.7 mg/L; which may reduce annual chemical costs 
by approximately $65,000. 

     

The 20‐year future value costs associated with the upgraded HFA projects at E.A. 

Fairbairn WTP are summarized in Table 4‐7. 

TABLE 4‐7: E.A. FAIRBAIRN WTP FLUORIDATION SYSTEM FUTURE AND PRESENT VALUE COSTS 
  CAPITAL 

COST 
2011 O&M 

COST 
20‐YEAR FUTURE 
VALUE COST 

PRESENT 
VALUE COSTS 

ANNUALIZED 
COSTS 

(Option 1 – Replace 
Equipment in existing 
location) 

$316,000  $241,800 $11,176,000 $6,820,388  $437,508

(Option 2 ‐ Canopy 
Structure in existing 
location) 

$408,000  $241,800 $10,723,000 $6,543,935  $419,775

(Option 3 ‐ New Concrete 
Masonry Building in new 
location) 

$893,000  $241,800 $11,852,000 $7,232,931  $463,972

 

Option 1 has the lowest initial capital cost, but will require more frequent equipment 

replacement, which increases the future value costs.  Option 2 with the canopy shelter 

provides a greater level of protection than Option 1, so it is anticipated that the majority 

of the chemical feed equipment, including tanks, valves and piping can last slightly 

longer than a 10‐year service life, so the equipment would not need to be changed out 

as frequent as Option 1, which lowers the future costs.  Option 3 is the most expensive 

with the new masonry building but equipment has the longest service life.  It is 

anticipated that the equipment will need replacement after approximately 10 (piping, 

valves, instruments), 15 (tanks), and 20 (pumps, piping, valves, instruments) years of 

service.   
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4.3.3. Well Site Modifications 

The well system modifications are separated into three options.  The first option 

includes a series of three steps, as described in Section 3 of the report, to optimize 

performance of the existing sodium fluoride system.  The second and third options both 

include conversion of the well systems to a HFA system with the only difference being 

use of a third party contract service for delivery of HFA to the wells in Option 3.   

The conceptual costs are based on a typical system that would be duplicated at each 

well site.  Option 1 includes optimization of the water softening system, a new saturator 

system, and new solenoid metering pump (duty and shelf spare at each well).  The costs 

are divided into the three implementation steps described previously in Section 3. 

For Options 2 and 3, each well system consists of a new fiberglass shed, storage drum 

and transfer pump, day tank, solenoid metering pump (duty and spare on shelf), and 

new ancillary piping, valves, flow meter, and analytical instruments.  New online 

analyzers were initially considered as part of the improvements to add remote 

monitoring capabilities.  However, each analyzer would require a new drain line 

constructed and tied into a nearby sewer, and would add approximately $20,000 to the 

base construction cost per well site.  In addition, the analyzers are fairly sensitive to hot 

weather, so installation inside the buildings at the well sites will likely lead to inaccurate 

readings during the afternoon hours.  B&V does not anticipate a reduction in O&M with 

the addition of on‐line analyzers.  Based on these factors, it is not recommended that 

on‐line analyzers be installed at the well sites as long as the City can maintain its current 

waiver. 

The cost estimate for a contract chemical supplier includes access to the unattended 

well site, filling the chemical storage tanks, and also general site inspection to check for 

leaks, non‐functioning equipment, alarms, and security.  However, the contract 

chemical delivery service option would not allow for the chemical supplier to perform 

any maintenance, only inspection and notification to City staff. 

The summary OPCC for the sodium fluoride (Option 1) and HFA system (Option 2 or 

Option 3) improvements at the well sites are summarized in Table 4‐8 and Table 4‐9, 

respectively, and the complete OPCCs are presented in Appendix D. 
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TABLE 4‐8: OPINION PROBABLE CONSTRUCTION COST SUMMARY FOR OPTION 1 – SODIUM FLUORIDE 
SYSTEM 

OPINION OF PROBABLE CONSTRUCTION COST SUMMARY 

  COST 

Sodium Fluoride Improvements (unit cost per well site) $5,000 

(Step 1: Optimization of Existing Water Softener System)  

 SUBTOTAL (27 WELL SITES)  $135,000 

General Conditions (Bonds, Insurance, etc)  10% $14,000 

Contingency     25% $37,000 

Mid‐Point of Construction (Rate = 5%, Time = 1.00 years) $9,000 

OPTION 1, STEP 1 TOTAL PROBABLE CONSTRUCTION COST $195,000 

Sodium Fluoride Improvements (unit cost per well site) $9,000 

(Step 2: New Sodium Fluoride Saturator)  

 SUBTOTAL (27 WELL SITES)  $243,000 

General Conditions (Bonds, Insurance, etc)  10% $24,000 

Contingency     25% $67,000 

Mid‐Point of Construction (Rate = 5%, Time = 1.00 years) $17,000 

OPTION 1, STEP 2 TOTAL PROBABLE CONSTRUCTION COST $351,000 

Sodium Fluoride Improvements (unit cost per well site) $21,000 

(Step 3: New Metering Pumps and Chemical Piping)  

SUBTOTAL (27 WELL SITES)  $567,000 

General Conditions (Bonds, Insurance, etc)  10% $57,000 

Contingency     25% $156,000 

Mid‐Point of Construction (Rate = 5%, Time = 1.00 years) $39,000 

OPTION 1, STEP 3 TOTAL PROBABLE CONSTRUCTION COST $819,000 

   

OPTION 1 TOTAL ALL WELLS (STEPS 1‐3) $1,365,000 
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TABLE 4‐9: OPINION PROBABLE CONSTRUCTION COST SUMMARY FOR OPTION 2 AND 3 – NEW HFA 
SYSTEM 

OPINION OF PROBABLE CONSTRUCTION COST SUMMARY 

  COST 

Option 2 and Option 3 Hydrofluosilicic Acid Improvements (unit cost per well 
site) 

$73,000 

SUBTOTAL (27 WELL SITES)  $1,971,000 

General Conditions (Bonds, Insurance, etc)  10% $197,000 

Contingency     25% $542,000 

Mid‐Point of Construction (Rate = 5%, Time = 1.00 years) $136,000 

OPTION 2 OR OPTION 3, HFA SYSTEM TOTAL PROBABLE CONSTRUCTION COST $2,846,000*

* COSTS INCREASE TO APPROXIMATELY $3,626,000 IF ONLINE ANALYZERS ARE INCLUDED

 

The approximate annual O&M costs for the sodium fluoride and HFA system improvements at the well 

sites are summarized in Table 4‐10. 

TABLE 4‐10: WELL SYSTEM MODIFICATIONS O&M COSTS 
 CHEMICAL 

COST 
LABOR 
ESTIMATE 

EQUIPMENT 

REPLACEMENT 
TOTAL 

Sodium Fluoride (Current)  $2,400 $14,700 $600 $17,700  

 Total O&M Costs (27 Well Sites)  $478,100  

   

Sodium Fluoride (Option 1, 
Upgrade Steps 1‐3) 

$2,400 $12,900 $600 $15,900  

 Total O&M Costs (27 Well Sites)  $429,000 

   

Hydrofluosilicic Acid (Option 2)  $5,900 $9,900 $1,000 $16,800  

Total O&M Costs (27 Well Sites)  $454,000  

   

Hydrofluosilicic Acid W/Delivery 
Service (Option 3) 

$8,400 $8,000 $1,000 $17,400  

Total O&M Costs (27 Well Sites)  $470,000  

   

* Electricity Costs not included.  Based on 2007‐2008, energy usage was approximately $723,000 and 
for 2008‐2009, energy usage was approximately $683,000 for all lead well sites.   
Chemical costs are based on the current target dose.  The USEPA is currently considering a reduction 
in optimal fluoride levels to 0.7 mg/L; which may reduce annual chemical costs by approximately 
$65,000. 

 

The O&M costs indicated in Table 4‐10 for sodium fluoride are less than the HFA systems, primarily due 

to the greater chemical costs, and more expensive equipment to maintain on the HFA system.  There is 
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some reduction in labor with the HFA systems, but most of the labor activities (e.g., water quality 

checks, routine site visits) would still need to occur.  Table 4‐11 lists the 20‐year future value costs for 

the well options.   

TABLE 4‐11 WELL SITE 20‐YEAR CURRENT AND FUTURE COST SUMMARY 
2011 
CAPITAL 
COST 

2011 O&M 

COST 
20‐YEAR 

FUTURE VALUE 
COST 

PRESENT 
VALUE 
COSTS 

ANNUALIZED 
COSTS 

Current System  $478,100 $16,647,000 $10,159,180  $651,682

OPTION 1 – Sodium Fluoride, 
All Steps 

$1,365,000 $429,000 $21,057,000 $12,850,475  $824,321

OPTION 2 – Hydrofluosilicic 
Acid w/Standard Delivery 

$2,846,000 $454,000 $25,670,000 $15,665,655  $1,004,907

OPTION 3 – Hydrofluosilicic 
Acid w/Contract Delivery 
Service 

$2,846,000 $470,000 $26,824,000 $16,369,908  $1,050,083

Note: Future and present worth values include anticipated future capital projects not shown in the 2011 

capital costs.  Chemical costs are based on the current target dose.  The USEPA is currently considering a 

reduction in optimal fluoride levels to 0.7 mg/L; which may reduce annual chemical costs by 

approximately $65,000. 
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5. RECOMMENDATIONS AND PROJECT IMPLEMENTATION 

The purpose of this study was to conduct a review of the city’s fluoridation practices and facilities, 

identify current issues and best management practices, evaluate costs and make recommendations 

to reduce costs and/or improve operations.  The previous sections of this report provide 

information on the condition of the facilities, options for modifications, and costs.  This section 

provides recommendations and implementation considerations. 

5.1. Sacramento River Water Treatment Plant 

The fluoride facilities at the Sacramento River WTP will not be due for replacement for several 

years.  No improvement projects are recommended at this time.  Table 5‐1 summarizes the 20‐year 

future value, present value, and annualized costs, which includes replacement of equipment in 7, 

12, and 17 years from 2011. 

TABLE 5‐1: SACRAMENTO RIVER WTP FUTURE AND PRESENT VALUE AND ANNUALIZED COSTS 
   20‐YEAR FUTURE 

VALUE COSTS 
PRESENT VALUE 
COSTS 

ANNUALIZED 
COSTS 

Hydrofluosilicic 
Acid System  

$10,168,000 $6,205,235 $398,048 

   

1. Energy costs not included.
2. Equipment Replacement included in Year 2018, 2023, and 2028. 
3. Chemical costs are based on the current target dose.  The USEPA is 

currently considering a reduction in optimal fluoride levels to 0.7 
mg/L; which may reduce annual chemical costs by approximately 
$65,000. 

 

5.2. E.A. Fairbairn Water Treatment Plant 

The fluoride facilities at the E. A. Fairbairn WTP are nearing the end of their useful life (refer to 

Table 3‐1 in Section 3).  To maintain reliable operations and address the issues described under 

Section 3, three optional projects were developed and the costs were presented in Section 4.  The 

costs associated with Option 1 (no covering) and Option 2 (canopy covering) are lower than Option 

3 (building), however the level of protection for equipment achieved with a canopy is not 

comparable to the level of protection achieved with a building.  The enclosed equipment will have a 

longer service life (approximately 5 to 10 years) due to the higher level of protection inside a 

building, and the difference in life cycle cost is low.  Therefore Option 3 is recommended.  Delaying 

replacement of equipment as it nears the end of its useful life will increase the risk associated with 

failure and leaks. 
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Implementation of this project, including design and construction, will take on the order of 17 to 20 

months.  B&V recommends that design of this project be started within 1 to 2 years, based on the 

remaining useful life of the facility.  No additional permitting or training requirements have been 

identified for this project.  Project implementation costs are presented in Table 5‐2.   

TABLE 5‐2: E.A. FAIRBAIRN WTP FLUORIDATION SYSTEM IMPLEMENTATION COSTS 
TOTAL PROJECT COSTS 

  COST 

Total Probable Construction Cost $893,000 

Design Cost  $150,000 

Construction Management Costs  $100,000 

TOTAL PROJECT COST  $1,143,000 

5.3. Groundwater Production Wells 

The previous sections of this report identify the issues associated with the sodium fluoride systems 

at the groundwater production wells and provided costs for optional upgrade projects.  The 

evaluation indicates the following recommendations: 

1. It is recommended that the City test the hardness on the downstream side of the water 

softener.  If the water hardness exceeds 50 mg/L of CaCO3, the water hardness is too high.  

Hardness testing needs to be an on‐going effort on each well.  While recent data indicated 

hardness levels well below 50 mg/L, this data is not sufficient enough to rule out hardness as an 

issue.  Tests should be completed, just prior to water softener changeout to determine if 

changeout frequency is suitable.   

2. If it is determined that the hardness is higher than 50 mg/L CaCO3, it is recommended that the 

City implement Option 1, for upgrade of the existing sodium fluoride system.  However, it is 

noted that even with resolution of the current O&M issues on the sodium fluoride system, 

there is still concern regarding the quality of the foreign supplied sodium fluoride.  If the City is 

not in alignment with accepting the risk associated with this product and the uncertainty 

associated with the level of remedy that the outlined steps in Option 1 may provide, then 

Option 2, is recommended for implementation.  Similarly, if the City finds that the water 

hardness is not an issue, then it is recommended that the City move forward with the 

conversion of the well system to HFA in Option 2.  Recommendations for additional provisions 

to be added to sodium fluoride procurement specifications are included in Section 2.  The City 

may consider making upgrades to sodium fluoride system at one well to determine if 

improvements are suitable to continue the retrofit program.  

3. If Option 2 is chosen for implementation, each site should be visited to confirm space available 

for the new structure. 
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4. The City could consider deferring modifications to the eight groundwater wells that are 

currently maintained in standby mode until a later date to defer costs.  Upgrades at those wells 

could be completed in the future if the City determines that their continued use is required. 

5. Eyewash stations should be installed at each of the well sites regardless of the project option 

selected. 

6. On‐line analyzers are typically required on fluoride systems.  However, the existing system 

operates with an exemption from this requirement.  It has been assumed for purposes of this 

evaluation that on‐line analyzers will not be required on the upgraded systems.  The City may 

consider installation of these units at some point in the future; however, the costs need to be 

considered.  The units are approximately $10,000 each and a drain line to sewer would be 

required, bringing the total cost per well to approximately $20,000.  B&V does not anticipate a 

reduction in O&M costs at the wells due solely to the addition of on‐line analyzers. 

7. The O&M data provided to B&V from the CMMS identifies a level of O&M on the wells sites 

that appears to be slightly higher than would be typical for a system such as this, but still within 

a reasonable range of acceptance.  Refer to Table 5‐3 for comparison between the City’s 

expenditures and typical expenditures.    Section 4 includes a breakdown of the City’s O&M 

activities. 

TABLE 5‐3: O&M EXPENDITURE COMPARISON 
   LABOR   EQUIPMENT 

REPLACEMENT 
TOTAL 

Typical System, per well  $12,000 $1,000 $13,000  

City’s Existing System, per 
well (from CMMS data) 

$14,700 $600 $15,300 

 

Implementation of Option 1, including design and construction, will take on the order of 15 to 17 

months.  B&V recommends that this project should be started immediately, to identify how 

hardness contributes to the experienced issues.  No additional permitting or training requirements 

have been identified for this project.  Project implementation costs are presented in Table 5‐4.   

TABLE 5‐4: GROUNDWATER PRODUCTION WELLS FLUORIDATION SYSTEM IMPLEMENTATION COSTS 
TOTAL PROJECT COSTS – OPTION 1 (ALL STEPS INCLUDED) 

  COST 

Total Probable Construction Cost $1,365,000 

Design Cost  $150,000 

Construction Management Costs  $100,000 

TOTAL PROJECT COST   $1,615,000 
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If the City decides on implementation of Option 2, design and construction will take on the order of 

17 to 20 months.  B&V recommends that this project be started immediately to address the 

identified issues with the existing system.  Additional hazardous material permitting will be required 

with the conversion to HFA and additional training for the operators on the new chemical will be 

required.  Project implementation costs for Option 2 are presented in Table 5‐5.   

TABLE 5‐5: GROUNDWATER PRODUCTION WELLS FLUORIDATION SYSTEM IMPLEMENTATION COSTS 
TOTAL PROJECT COSTS – OPTION 2 

  COST 

Total Probable Construction Cost $2,846,000 

Design Cost  $250,000 

Construction Management Costs  $200,000 

TOTAL PROJECT COST  $3,296,000 

5.4. Project Management 

The projects outlined above are of such a size that it is anticipated that the City could utilize in‐

house staff to provide project management services throughout the lifecycle of the projects. It is 

anticipated that project management duties will require a 15 to 25 percent full‐time equivalent 

(FTE) commitment through the duration of each project.   

5.5. Project Financing 

Financing for the capital projects outlined herein will be contingent upon City Council direction.  

Projects will either be funded through the City’s rate payer backed Capital Improvements Program 

(CIP) or through grant funding or bonding.  Bond funding would most likely only be considered if the 

City decided to include one of these projects with another larger improvement project.   

5.6. Total Fluoride System O&M Cost 

Table 5‐6 presents a summary of the total annual and 20‐year present worth O&M expenditures 

anticipated for the City to continue fluoridating.  Expenditures do not include energy costs or costs 

associated with capital improvement projects though it is assumed that the capital projects have 

been performed as recommended in this report. 

   



 

City of Sacramento Fluoride Best Practices Study Report    Page 5‐5 

TABLE 5‐6: 20‐YEAR O&M COSTS FOR FLUORIDATION FACILITIES 
 FACILITIES  CHEMICAL 

COST 
LABOR 
ESTIMATE 

EQUIPMENT 

REPLACEMENT 
TOTAL COSTS 

Sacramento River WTP   $212,100 $25,500 $1,000 $238,600  

E.A. Fairbairn WTP ‐ Option 3  $215,700 $25,100 $1,000 $241,800  

Groundwater Production Wells (27 
wells) – Option 1 

$64,800 $348,300 $16,200 $429,300 (for 27 wells)

Total Annual O&M Cost  $492,600 $398,900 $18,200 $909,700 

Total O&M Cost – 20 Year Future 
Value Cost 
Total O&M Cost – 20 Year Future 
Value Cost, less equipment 
replacement 
 

  $33,722,000 
 
 
$33,139,000 

1. Energy costs not included.  Energy usage is considered negligible in comparison to the overall well site and 
water treatment plant operation. 

2. Capital improvement projects not included. 
3. Equipment replacement budget includes replacement of small items in the system on a routine basis including 

pumps, valves, piping, etc., and does not include replacement of the complete system on a pre‐determined 
interval. 

4. Chemical costs are based on the current target dose.  The USEPA is currently considering a reduction in 
optimal fluoride levels to 0.7 mg/L; which may reduce annual chemical costs by approximately $65,000. 

 

5.7.  20Year Fluoridation Cost Summary 
To continue fluoridating, the City will need to provide O&M expenditures and upgrade facilities 

to improve operations and replace aging equipment.  This report has outlined estimates for on‐

going O&M costs and has made recommendations regarding capital projects.  Table 5‐7 and 

Table 5‐8 summarize the capital, O&M, 20‐year future value, present value, and annualized 

costs of the combined recommended improvements. Table 5‐8 specifically summarizes the 

future value, present value, and annualized costs for the present and future equipment 

replacement, and the total City fluoridation costs minus the equipment replacement costs. 

Figures 5‐1, 5‐2, and 5‐3 provide a Cost of Fluoridation Summary in graphical format for Option 

1, Option 2 and a comparison of both options.   
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TABLE 5‐7 FLUORIDATION FACILITIES IMPROVEMENTS SUMMARY 
  Base 2011 Costs  Total City Fluoridation Costs 

Description 
2011 Capitol 
Projects 

O&M 
Equipment 
Replacement 

O&M 
Chemical 

O&M  
Labor 

Total 2011 O&M 
Costs 

PW Annualized FW 

Wells – Sodium 
Fluoride (Steps 13) 

EAF – HFA in Building 

Sac River WTP 
Equipment 
Replacement 

$2,258,000  $18,000  $493,000  $399,000  $910,000  $26,289,000 $1,686,000 $43,077,000 

Wells – HFA 

EAF – HFA in Building 

Sac River WTP 
Equipment 
Replacement 

$3,739,000  $29,000  $587,000  $318,000  $934,000  $29,104,000  $1,867,000  $47,690,000 

Note: Chemical costs are based on the current target dose.  The USEPA is currently considering a reduction in optimal fluoride levels to 0.7 mg/L; 

which may reduce annual chemical costs by approximately $65,000. 
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TABLE 5‐8 FLUORIDATION FACILITIES IMPROVEMENTS SUMMARY 
  Present and Future Equipment 

Replacement Total City Fluoridation Costs less Equipment Costs 

Description 
PW  Annualized  FW  PW  Annualized  FW 

Wells – Sodium Fluoride 
(Steps 13) 

EAF – HFA in Building 

Sac River WTP Equipment 
Replacement 

$6,065,000  $389,000  $9,938,000  $20,224,000  $1,297,000  $33,139,000 

Wells – HFA 

EAF – HFA in Building 

Sac River WTP Equipment 
Replacement 

$8,073,000  $518,000  $13,228,000  $21,031,000  $1,349,000  $34,462,000 

Note: Chemical costs are based on the current target dose.  The USEPA is currently considering a reduction in optimal fluoride levels to 0.7 mg/L; 

which may reduce annual chemical costs by approximately $65,000. 
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FIGURE 5‐5: PHOTOS OF SODIUM FLUORIDE INJECTOR AT WELLS (NEW AND WITH CLOGGING) 

 

FIGURE 5‐1: COST OF FLUORIDATION OPTION 1 
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Cumulative Total Cost of Fluoridation‐Option1

O&M Cost/Connection/Month‐Low  Estimate‐Opt  1

O&M Cost/Connection/Month‐High  Estimate‐ Opt 1

Potential 
Grant Funding

Description:
Maintain Current System
Wells: Solid NAF
WTP's: Liquid HFA

Potential 
Grant Funding
Potential 
Grant Funding

Notes:
1: Growth in costs assumes 4%  inflation for labor and 
equipment and 6% growth  in chemical cost. 

2: O&M Cost per Connection per Month projection could be 
expected to shift up by 28% if equipment costs are born by the 
rate payer as well. 
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FIGURE 5‐2: COST OF FLUORIDATION OPTION 2 
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O&M Cost/Connection/Month‐High  Estimate‐ Opt 2

Potential 
Grant Funding

Notes:
1: Growth in costs assumes 4%  inflation for labor and 
equipment and 6% growth  in chemical cost. 

2: O&M Cost per Connection per Month projection could be 
expected to shift up by 35% if equipment costs are born by the 
rate payer as well. 

Description:
Convert Existing Wells to Liquid
Wells:  Liquid HFA
WTP's: Liquid HFA
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FIGURE 5‐3: COST OF FLUORIDATION COMPARISON OF RECOMMENDED OPTIONS 
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Cost of Fluoridation
Compare Recomended Options

Cumulative Total  Cost of Fluoridation‐Option1

Cumulative Total  Cost of Fluoridation‐Option2

Cumulative Equipment Replacement‐Option1

Cumulative Equipment Replacement‐Option2

O&M Cost/Connection/Month‐Low  Estimate‐Opt  1

O&M Cost/Connection/Month‐High  Estimate‐ Opt 2

Potential 
Grant Funding

Notes:
1: Growth in costs assumes 4%  inflation for labor and 
equipment and 6% growth  in chemical cost. 

2: O&M Cost per Connection per Month projection could be 
expected to shift up by 28‐35% if equipment costs are born by 
the rate payer as well. 
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Attachment 4 1 of 1 

 
Current Issues with the Fluoride Delivery System-12/02/2010 
 
The Quality of Product 
1. The Center for Disease Control (CDC) recommends that only the US 

product be used due to quality control and efficient operation of the 
saturator, yet crystalline sodium fluoride is no longer produced in the USA. 
Availability is limited to import manufacturers in China, Japan, and 
Belgium. 

2. Foreign product has a higher concentration of “inert” material, and 
produces more dust when handling, creating increased maintenance cost.  

3. The quality of Japan and China manufactured supplies seem to 
exacerbate costly equipment problems and failures.  Shipments of sodium 
fluoride often have damaged bags that are leaking product through 
punctures or failed seals as well.  

4. One of the issues with sodium fluoride is the characteristic stratification 
that occurs with the current product and the impacts on equipment 
performance associated with characteristic. i.e. The product does not 
dissolve readily. 

5. AWWA standards specify that sodium fluoride have 44% fluoride 
available.  The study needs to identify what makes up the other 56% of 
the product.  The study should also itemize what criteria sodium fluoride 
must meet to be NSF 60 certified.  How is it determined there are no 
industrial or other wastes added into that 56% other material? 

6. Should higher quality NAFL exist, what are the measurable parameters 
the City can utilize in a performance specification? I.e, the city needs to 
maintain competitive bidding, but needs the receive a particular level of 
quality. 

 
Equipment Failure and Loss of Production 
1. The movement of suppliers away from domestically produced sodium 

fluoride is adversely affecting the fluoridation feed equipment at the well 
sites, primarily due to clogged fluoride injector pumps.  Clogging of flow 
indicators, chemical pump intake screens is also an issue.  

2. Loss of production due to fluoride pump faults.  Most of which are caused 
by plugging of the delivery system. Well shut downs also affect our ability 
to meet water pressure requirements, which are mandated in Title 22. 
Shortages of chemical supplies have also threatened interruption of 
service of wells.  

3. Crystallization of lines in cold temperatures. 
4. High rate of component failures such as pump injectors, diaphragms, 

fittings, screens, flow indicators, floats, and diffusers.  



5. Operators must ensure that 3 attributes of fluoridation match in order to 
maintain well production.  The chemical pump output (dose) must closely 
match the calculated dose which must closely match the measured 
residual dose.  If they do not, the operator must troubleshoot equipment 
and run additional residual testing to determine why they don’t match.  
The well must be taken out of service until the corrective measures can be 
implemented.  The well can be out of service for several days depending 
on availability of maintenance staff to fix the problem. 

6. The fluoridation infrastructure at the E.A. Fairbairn Water Treatment Plant 
is overdue for replacement and will be expensive to replace.  Sacramento 
River Water Treatment Plant’s fluoridation system will be due for 
replacement in 2014. When this system is installed, does it make financial 
sense to install new acid tank within a shelter 

7. Sacramento Suburban Water District also identified the damages caused 
by the fumes emitted from the chemical tank vents.  Control of these acid 
fumes should also be addressed in looking at an acid system for wells. 

8. The existing chemical feed system for sodium fluoride is extremely 
vulnerable to any solid material (a spec of plastic the size of a straight pin 
head has fouled the digipulse on numerous occasions)and an increase in 
viscosity associated with the “fluff” level in the saturator reaching the pump 
intake.  These vulnerabilities need recommended solutions. 

Safety 
1. The ergonomics of lifting the 50 pound bags of sodium fluoride to fill the 

saturator puts the workers in a position of increased risk of injury.  Under 
the worker safety aspect, ergonomics of this activity should be addressed. 

2. Addressing worker training is not a one-time thing.  A training program that 
can be delivered to new staff needs to be identified.  Comprehensive 
annual refresher training is required by State regulations.  

3. There needs to be a detailed instructional manual developed to guide staff 
in proper operation and maintenance practices and procedures.  What 
currently exists are scattered SOP’s which are not cohesive. 

4. Should we install acid system at the wells, how would material handling 
occur to minimize dangers? What is the risk to the public? How is site 
security impacted. 

 
Additional Costs and Issues 
1. Saturator cleaning is scheduled every 6 months rather than the 

recommended 12 month cycle. This increase in frequency is part of the 
City’s effort to mitigate for clogging issues. This drives labor costs up. 

2. There is added time/cost to condition fill water with water softeners for 
saturators. 

3. Additional staff time required for the accounting of time spent specifically 
on fluoride related activities. 



4. Discharge reporting requires 7 days prior notice.  Discharge is restricted to 
200 gallons per event.  Samples must be sent to contract lab, and lab 
results must be reported within 14 days of sampling.  The cost of 
additional sampling, as required by discharge permit agency, is the 
responsibility of City. 

5. Additional cost for Hazardous Permits are a resultant of onsite storage 
and use of fluoride. 

6. Additional cost to provide and maintain personal protective equipment 
required for handling of fluoride. 

7. Troubleshooting fluoride related problems is very time consuming. 
8. Grant funding is available for capital costs, but in order to take advantage 

of this grant, all the operations and maintenance costs must be covered by 
the city and ultimately the rate payers.  Such a contract would also 
obligate the city to fluoridate its water supply for 20 years regardless of the 
economic condition or budgetary constraints.  Developing a fluoride 
delivery system which minimizes operation and maintenance costs is a 
department goal. 

9. There needs to be a table of comparative analysis between sodium 
fluoride saturator system costs and hydrofluorosillic acid system costs for 
well fluoridation. 

10. Identify O&M work that is not being done that is in support of the existing 
fluoride system due to insufficient staff time.   One example is the 
saturator’s need to be pumped out and cleaned to remove insoluble waste 
and crystallized residues every 6   months.  To date we have missed 4 
cycled of this maintenance. 

11. Specific to the Fluoridation system, what adequate staffing levels should 
be maintain now and after identified improvements?  

12. In the chemical handling area there needs to be recommendations on how 
pallets that have product leaking from their containers are dealt with.  If 
one bag out of 50 bundled together on a pallet is breached, how is the 
whole pallet to be treated?  And if refusing the delivery is the action, what 
should the minimum quantity on hand be?  (Our existing storage shed can 
only hold 4 pallets.  We order 3 pallets when the 4th pallet starts to be 
used.) 

13. In the analysis comparing the use of sodium fluoride and hydrofluorosillic 
acid there needs to be clear comparisons of product cost AND delivery.  In 
conversation with Jim Arnez of Sac Suburban Water he indicated they pay 
dramatically higher prices (gallon per gallon) for fluoride acid than we do 
AND a premium for having delivery service to their wells AND the labor 
associated with each delivery. 

14. What would the cost be to have the saturator pump-out waste disposed of 
as industrial waste if disposal to the sanitary sewer is prohibited? 



15. The study needs to identify the additional cost associated with the extra 
travel required to accomplish all tasks associated with fluoridation.  While 
Operators make a MWF site visit for chlorination system purposes 
anyway, it cannot be assumed there are no additional travel expenses 
related specifically to support of the fluoridation system.  Example: The 
Operator encounters a problem that requires maintenance personnel.  The 
Operator takes the system out-of-service until the repair can be made.  
There is additional travel for the maintenance staff to come and make the 
repair.  The maintenance staff must have the Operator return to place the 
equipment back in service as required by State regulations.  There is extra 
travel required of the Operator to return to the site AND extra travel for the 
Operator to return to whatever duties he was interrupted from.  There is 
travel expense for the maintenance staff to return to their interrupted work 
as well.  This example is a simple response involving only two staff.  There 
are times where there are more staff required to be diverted. 
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APPENDIX B – QUESTIONNAIRES FROM OTHER UTILITIES USING 

FLUORIDE 

   



 

Appendix B 

Questions for Fluoride Users  

NAME:  Derrick Smith/ Jay Kleinheinz 

AGENCY:  Huntington Beach 

DATE/ TIME: January 18, 2011; 10:40 AM Central Time 

  January 25, 2011; 5:30 PM Central Time  

SUBJECT: Fluoride System  

Question Response 
1. What kinds of facilities are operated? Plants, 

well sites, or both?  
Ten well sites 

2. How long have has fluoride been fed?   Since 1972 
3. What kind of fluoride is used? Has that type 

of fluoride always been used?  
Hydrofluosilicic acid – it has 
always been used.  

4. Why was that fluoride type selected?   Don’t know – it was selected too 
many years ago.  

5. How much fluoride is fed? (gallons/day, 
pounds/day)  

~18 gallons per day of acid per 
well station 

6. If the utility has well sites, how many days of 
chemical storage are kept at each site?   

Each well site uses 100 gallon 
tanks, which is about 10 days 
worth of storage.  

7. If the utility has un-staffed well sites, what is 
the O&M requirement at each station?  

Huntington Beach spent $6,000 
in 2010 maintaining the fluoride 
systems at their well stations.  

8. What kind of fluoride deliveries to are 
accepted? (drums/ totes/ bulk truck/ 50-
pound bags/ super-sacks)  

Bulk deliveries are made to a 
central storage tank. The 
Huntington Beach staff then 
takes the acid from the central 
storage and delivers it to the well 
stations via water trucks.  

9. What equipment is used to feed the fluoride?  LMI solenoid metering pumps  
10. What operations issues have been 

experienced? How were these issues 
solved?   

Huntington Beach initially had 
some problems with their 
metering pumps. Now they 
specify Teflon seats, diaphragms, 
and ball checks, and these have 
proven to have good chemical 
compatibility.  
 



Question Response 
11. Is the utility happy with their fluoride system? 

What changes could be made?  
Yes; they consider it to be 
relatively easy to handle.  

12. How much time is spent each month per 
fluoride system? Does that include chemical 
deliveries?  

See the response to #7.  

13. Have you ever identified the cost of the 
fluoride program or developed any cost 
ratios, such as cost/gallon produced or cost/ 
resident served? If so, can this be provided?  

The total cost of the 
hydrofluosilicic acid systems for 
all well sites is $100,000. This 
includes operations, 
maintenance, chemical cost, and 
lab work.  

14. Have you ever experienced problems with 
the fluoride product? What were they and 
were they ever resolved?  

Huntington Beach has not had 
any problems with the 
hydrofluosilicic acid product.  

 

 



Questions for Fluoride Users  

NAME:  Sun Liang  

AGENCY:  Metropolitan Water District (MWD) 

DATE/ TIME: January 5, 2011; 2:10 PM CST 

SUBJECT: Fluoride System  

Question Response 
1. What kinds of facilities are operated? Plants, 

well sites, or both?  
MWD operates 5 water treatment 
plants.  

2. How long have has fluoride been fed?   Since October 2009  
3. What kind of fluoride is used? Has that type 

of fluoride always been used?  
Hydrofluosilicic acid is currently 
fed and has always been MWD’s 
fluoride source.  

4. Why was that fluoride type selected?   The WTP capacities are very 
large, making sodium fluoride too 
labor intensive.  

5. How much fluoride is fed? (gallons/day, 
pounds/day)  

WTP capacities range from 220 
to 750 MGD each. This 
calculates to hydrofluosilicic acid 
478 to 1,630 gallons of delivered 
acid per day.   

6. If the utility has well sites, how many days of 
chemical storage are kept at each site?   

Not applicable.  

7. If the utility has un-staffed well sites, what is 
the O&M requirement at each station?  

Not applicable.  

8. What kind of fluoride deliveries to are 
accepted? (drums/ totes/ bulk truck/ 50-
pound bags/ super-sacks)  

Bulk delivery. MWD tries to keep 
14 days of storage at each plant.  

9. What equipment is used to feed the fluoride?   
10. What operations issues have been 

experienced? How were these issues 
solved?   

Most of the issues occurred at 
start-up and were tied to the 
corrosive nature of the 
hydrofluosilicic acid and material 
compatibility. Now that these 
issues have been resolved, the 
system works fine.   

11. Is the utility happy with their fluoride system? 
What changes could be made?  

MWD is happy with the fluoride 
feed system. They are 
disappointed in the quality of 
fluoride analyzers, though. They 
tried using analyzers and found 
them to be unreliable. Now they 
test grab samples twice per day.  



Question Response 
12. How much time is spent each month per 

fluoride system? Does that include chemical 
deliveries?  

Now that the system is beyond 
start-up, O&M time is very low.  

 



Questions for Fluoride Users  

NAME:  Tai Tseng 

AGENCY:  Long Beach Water Department 

DATE/ TIME: December 17, 2010 

SUBJECT: Fluoride System  

Question Response 
1. What kinds of facilities are operated? 

Plants, well sites, or both?  
Groundwater Treatment Plant 

2. How long have has fluoride been fed?   1971 
3. What kind of fluoride is used? Has that 

type of fluoride always been used?  
Hydrofluosilicic Acid 

4. Why was that fluoride type selected?   Ease and safety 
5. How much fluoride is fed? (gallons/day, 

pounds/day)  
On average, we add approximately 
0.5 mg/L fluoride. 

6. If the utility has well sites, how many 
days of chemical storage are kept at 
each site?   

14,000 gallons at treatment plant 

7. If the utility has un-staffed well sites, 
what is the O&M requirement at each 
station?  

We use to feed it at an un-staff 
reservoir site.  On-line fluoride 
monitoring and alarm system for 
automatic operations.  Since MWD 
started fluoridating, we haven’t had to 
feed fluoride at an un-staffed location. 

8. What kind of fluoride deliveries to are 
accepted? (drums/ totes/ bulk truck/ 50-
pound bags/ super-sacks)  

Bulk  

9. What equipment is used to feed the 
fluoride?  

Metering pumps and on-line fluoride 
analyzer 

10. What operations issues have been 
experienced? How were these issues 
solved?   

Availability of on-line analyzers.  
Industry has improved. More products 
are now available. 

11. Is the utility happy with their fluoride 
system? What changes could be made?  

We are happy with existing system 

12. How much time is spent each month per 
fluoride system? Does that include 
chemical deliveries?  

Including deliveries and running lab 
analysis every 4 hours to confirm on-
line instrument, about 3 hours per day. 

 



Questions for Fluoride Users  

NAME: Gary Richinick 

AGENCY:  City of Santa Monica 

DATE/ TIME: January 19, 2011 

SUBJECT: Fluoride System  

Question Response 
1. What kind of facilities do you 

operate? Plants, well sites, or both?  
Both 
One groundwater well @ 240 gpm 
Arcadia WTP = 8.8 mgd 

2. How long have you been feeding 
fluoride?  

3 years at the groundwater well, the facility 
at the WTP was just started up in 
December of 2010. 

3. What kind of fluoride do you use? 
Have you always used that type of 
fluoride?  

Sodium Fluoride. 

4. Why was that fluoride type 
selected? 

For safety of handling a lower 
concentration fluoride solution 

5. How much fluoride do you feed? 
(gallons/day, pounds/day)  

300 gpd of 4% NaF solution is fed at the 
well 

6. If the utility has well sites, how 
many days of storage are kept at 
each site 

9 days of storage is provided at the 
groundwater well site. 

7. If the utility has un-staffed well sites, 
what is the O&M requirement at 
each station 

The day tank at the well site is filled 
weekly. 

8. What kind of fluoride deliveries to 
you accept? (drums/ totes/ bulk 
truck/ 50-pound bags/ super-sacks)  

For the well site, 50 lb bags are used.  
 
At the Arcadia WTP, supersacks are used. 

9. What equipment are you using to 
feed the fluoride?  

Milton Roy Metering Pumps 

10. What operations issues have you 
experienced? How did you solve 
these issues?  

Low saturation sodium fluoride solution 
concentration 
 
Failure of online analyzers 

11. Are you happy with your fluoride 
system? If not, what would you 
change? 

 
 
 
 
 

Yes 



Question Response 
12. How much time is spent each 

month per fluoride system?  Does 
that include chemical deliveries 

On average, 10 hours per month is spent 
on maintaining the sodium fluoride system 
at the single groundwater well (including 
chemical delivery). 
 
It is unknown at this time what the O&M 
requirement is for the sodium fluoride 
system at the Arcadia WTP since it was 
just started up recently. 
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APPENDIX D – OPINION OF PROBABLE CONSTRUCTION COSTS



10995 Gold Center Drive Suite 100, Rancho Cordova, CA 95670

        B&V Project  172145

PRELIMINARY DESIGN

CITY OF SACRAMENTO
SACRAMENTO, CA

 
FLUORIDATION STUDY

 

PRELIMINARY OPINION ON CAPITAL AND ANNUAL O & M COST
February 2011

 
 

COST
Sodium Fluoride Improvements (unit cost per well site) 5,000$                   

(Step 1: Optimization of Existing Water Softener System)
Subtotal (27 well sites) 135,000$               

General Conditions (Bonds, Insurance, etc) 10% 14,000$                 
Contingency 25% 37,000$                 
Mid-Point of Construction 9,000$                   

Rate = % 5.0%
Time = Years 1.00 (S=P(1+i)n)

TOTAL PROBABLE CONSTRUCTION COST 195,000$               

COST
Sodium Fluoride Improvements (unit cost per well site) 9,000$                   

(Step 2: New Sodium Fluoride Saturator)
Subtotal (27 well sites) 243,000$               

General Conditions (Bonds, Insurance, etc) 10% 24,000$                 
Contingency 25% 67,000$                 
Mid-Point of Construction 17,000$                 

Rate = % 5.0%
Time = Years 1.00

TOTAL PROBABLE CONSTRUCTION COST 351,000$               

COST
Sodium Fluoride Improvements (unit cost per well site) 21,000$                 

SUMMARY

SUMMARY

SUMMARY

1 of 1

(Step 3: New Metering Pumps and Chemical Piping)
Subtotal (27 well sites) 567,000$               

General Conditions (Bonds, Insurance, etc) 10% 57,000$                 
Contingency 25% 156,000$               
Mid-Point of Construction 39,000$                 

Rate = % 5.0%
Time = Years 1.00

TOTAL PROBABLE CONSTRUCTION COST 819,000$               

Hydrofluosilicic Acid Improvements (unit cost per well site) 73,000
Subtotal (27 well sites) 1,971,000$            

General Conditions (Bonds, Insurance, etc) 10% 197,000$               
Contingency 25% 542,000$               
Mid-Point of Construction 136,000$               

Rate = % 5.0%
Time = Years 1.00 (S=P(1+i)n)

TOTAL PROBABLE CONSTRUCTION COST 2,846,000$            

 
Chemical 

Cost*
Labor Estimate Equipment 

Replacement
Total

Sodium Fluoride (Current System) $2,400 $15,000 $700 $18,100

TOTAL O&M COSTS (27 WELL SITES) $488,700

$2,400 $12,900 $600 $15,900

TOTAL O&M COSTS (27 WELL SITES) $64,800 $348,300 $16,200 $429,300

Hydrofluosilicic Acid $5,900 $9,900 $1,000 $16,800
TOTAL O&M COSTS (27 WELL SITES) $159,300 $267,300 $27,000 $453,600

Hydrofluosilicic Acid w/Delivery Service $8,400 $8,000 $1,000 $17,400
TOTAL O&M COSTS (27 WELL SITES) $226,800 $216,000 $27,000 $469,800

* Chemical costs should decrease if the EPA reduces the fluoride target level to 0.7.

Sodium Fluoride (Optimized Water 
Softener, New Equipment)

1 of 1



BLACK & VEATCH
 
City of Sacramento
Fluoridation Study
Sacramento, California
Well Site Improvements Preliminary Opinion of Probable Construction Cost (OPCC)
February 2011

Item Description Quantity Unit Unit Cost Total Cost
WELL SITE SODIUM FLUORIDE FACILITY - OPTION 1, STEP 1, WATER SOFTENER IMPROVEMENTS

Mobilization 7% % of Total $330
Lab Service, Culligan Water Consultation LS $1,000
Equipment

Misc. Interior Piping / Devices 1 LS $3,000 $3,000

Instrumentation and Control 10% % of Total $400
Electrical 8% % of Total $320

WELL SITE SODIUM FLUORIDE FACILITY TOTAL $5,000

Item Description Quantity Unit Unit Cost Total Cost
WELL SITE SODIUM FLUORIDE FACILITY - OPTION 1, STEP 2, NEW SATURATOR

Mobilization 7% % of Total $566
Equipment

Saturator 1 EA $2,000 $2,000
Scale 1 EA $4,000 $4,000

Demolition 1 LS $1,000 $1,000

Instrumentation and Control 10% % of Total $600
Electrical 8% % of Total $480

WELL SITE SODIUM FLUORIDE FACILITY TOTAL $9,000

Item Description Quantity Unit Unit Cost Total Cost
WELL SITE SODIUM FLUORIDE FACILITY - OPTION 1, STEP 3, NEW PUMPS, FLOWMETER, REPLACE PIPING

Mobilization 7% % of Total $1,392
Equipment

Chemical Metering Pumps 2 EA $2,000 $4,000
Chemical piping and accessories 100 LF $30 $3,000
Chemical valves 10 EA $100 $1,000
Flowmeter 2 EA $4,000 $8,000

Demolition 1 LS $1,000 $1,000

Instrumentation and Control 10% % of Total $1,600
Electrical 8% % of Total $1,280

WELL SITE SODIUM FLUORIDE FACILITY TOTAL $21,000

Item Description Quantity Unit Unit Cost Total Cost
Well Site Hydrofluosilicic Acid Facility

Mobilization 7% % of Total $4,759

Finishes
Protective Coating on Equipment/Piping 1 LS $5,000 $5,000

Equipment
Chemical Metering Pumps 2 EA $2,000 $4,000
Transfer Pumps 1 EA $2,000 $2,000
Bulk Storage Tank (5200gallons) 0 EA $20,800 $0
Day Tank (w/ scale) 1 EA $4,500 $4,500
Truck Unloading Panel 0 EA $5,000 $0
Chemical piping and accessories 100 LF $30 $3,000
Chemical valves 20 EA $100 $2,000
Static Mixer 1 EA $11,200 $11,200
Sump Pump 0 EA $6,000 $0
Emergency Shower and Eyewash 1 EA $4,000 $4,000
Portable Fluoride Hand-Held Analyzer 1 EA $4,000 $4,000
Flowmeter 1 EA $4,000 $4,000
Misc. Interior Piping / Devices 1 LS $3,000 $3,000

Special Construction
Fiberglass Shed 100 SF $100 $10,000

Demolition 1 LS $1,000 $1,000

Instrumentation and Control 10% % of Total $5,670
Electrical 8% % of Total $4,616

WELL SITE HYDROFLUOSILICIC ACID FACILITY $73,000
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Well Site
City of Sacramento
Sacramento, California
Well Site Operation and Maintenance Cost
February 2011

Sodium Fluoride
Current System
ANNUAL O&M COSTS

Chemical Costs
Sodium Fluoride

Cost of sodium fluoride, $/lb $0.88
7

Total sodium fluoride cost, $/year $2,248

Water Softener Service/per year/per well 131

Total water softener cost, $/year $131

Sodium Fluoride Disposal  
Sodium fluoride disposal costs, $ per pound $1.50
Pounds of sodium fluoride disposed of per year 22
Total disposal cost, $/year $33

Total Chemical Costs, $/year $2,413

Labor 
Chemical Delivery

Duration, hours 0.10
Frequency, per year 12.00
Total labor, per year, hours 1.20

Water Quality Checks

Duration, hours 1.5
Frequency, per year 52
Total labor, per year, hours 78.0

Troubleshooting Fl faults & dosage issues

Duration, hours 1.5
Frequency, per year 6
Total labor, per year, hours 9

Additional Operations Time to Restart Wells after Fl faults 

Duration, hours 1
Frequency, per year 6
Total labor, per year, hours 6

Saturator Cleanout
Duration, hours 6.00
Frequency, per year 2.00
Total labor, per year, hours 12.00

Exchange Water Softeners 1
Duration, hours 0.5
Frequency, per year 6.0
Total labor, per year, hours 3.0

Program Management

Duration, hours 0.1
Frequency, per year 12
Total labor, per year, hours 1.2

Sodium Fluoride usage - avg dose/max well capacity, lbs/d
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Transcribing Datasheets. Prepare & QAQC DPH Reports

Duration, hours 0.1
Frequency, per year 12
Total labor, per year, hours 1.2

Equipment Maintenance and Repair

Duration, hours 9.0
Frequency, per year 4.0
Total labor, per year, hours 36.0

Equipment Maintenance: Electrical & Instrumentation

Duration, hours 2.0
Frequency, per year 1.0
Total labor, per year, hours 2.0

Overall Labor Costs   
Total number of hours of labor per year 150
Hourly rate, $/hr $100.00

Total Labor cost per year $14,960
Chemical Feed and Safety Equipment Replacement

Number of equipment 1
Equipment install year 0
Replacement year 15
Cost of equipment replacement, $/year $700

$18,073

Sodium Fluoride
Option 1, 2, 3 - Optimized Sodium Fluoride System
ANNUAL O&M COSTS

Chemical Costs
Sodium Fluoride

Cost of sodium fluoride, $/lb $0.88
7

Total sodium fluoride cost, $/year $2,248

Water Softener Service/per year/per well 131

Total water softener cost, $/year $131

Sodium Fluoride Disposal  
Sodium fluoride disposal costs, $ per pound $1.50
Pounds of sodium fluoride disposed of per year 22
Total disposal cost, $/year $33

Total Chemical Costs, $/year $2,413

Labor 
Chemical Delivery

Duration, hours 0.10
Frequency, per year 12.00
Total labor, per year, hours 1.20

Water Quality Checks

Duration, hours 1.5
Frequency, per year 52
Total labor, per year, hours 78.0

Troubleshooting Fl faults & dosage issues

Duration, hours 1.0
Frequency, per year 6
Total labor, per year, hours 6

Additional Operations Time to Restart Wells after Fl faults 

Sodium Fluoride usage - avg dose/max well capacity, lbs/d

Total Annual O&M Cost per Well Site
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Duration, hours 0
Frequency, per year 6
Total labor, per year, hours 0

Saturator Cleanout
Duration, hours 6.00
Frequency, per year 2.00
Total labor, per year, hours 12.00

Exchange Water Softeners

Duration, hours 0.5
Frequency, per year 6.0
Total labor, per year, hours 3.0

Program Management

Duration, hours 0.1
Frequency, per year 12
Total labor, per year, hours 1.2

Transcribing Datasheets. Prepare & QAQC DPH Reports

Duration, hours 0.1
Frequency, per year 12
Total labor, per year, hours 1.2

Equipment Maintenance and Repair

Duration, hours 6.0
Frequency, per year 4.0
Total labor, per year, hours 24.0

Equipment Maintenance: Electrical & Instrumentation

Duration, hours 2.0
Frequency, per year 1.0
Total labor, per year, hours 2.0

Overall Labor Costs
Total number of hours of labor per year 129
Hourly rate, $/hr $100.00

Total Labor cost per year $12,860
Chemical Feed and Safety Equipment Replacement

Number of equipment 1
Equipment install year 0
Replacement year 15
Cost of equipment replacement, $/year $600

$15,873Total Annual O&M Cost per Well Site

3 of 5



Hydrofluosilicic Acid

ANNUAL O&M COSTS

Chemical
Hydrofluosilicic Acid

Delivery Amount 100
$8.12

2.00
Chemical cost, $/year $5,928

Total Chemical  Cost per year, $/yr $5,928
Labor 

Chemical Delivery
Duration, hours 0.10
Frequency, per year 12.00
Total labor, per year, hours 1.20

Monthly Safety Inspections

Duration, hours 0.5
Frequency, per year 12.0
Total labor, per year, hours 6.0

Water Quality Checks

Duration, hours 1.5
Frequency, per year 52
Total labor, per year, hours 78.0

Troubleshooting Fl faults & dosage issues

Duration, hours 0.5
Frequency, per year 2
Total labor, per year, hours 1

Program Management

Duration, hours 0.1
Frequency, per year 12
Total labor, per year, hours 1.2

Transcribing Datasheets. Prepare & QAQC DPH Reports

Duration, hours 0.1
Frequency, per year 12
Total labor, per year, hours 1.2

Equipment Maintenance and Repair

Duration, hours 4.0
Frequency, per year 2.0
Total labor, per year, hours 8.0

Equipment Maintenance: Electrical & Instrumentation

Duration, hours 2.0
Frequency, per year 1.0
Total labor, per year, hours 2.0

Overall Labor Costs
Total number of hours of labor per year 99
Hourly rate, $/hr $100.00

Total Labor cost per year $9,860
Chemical Feed and Safety Equipment Replacement

Number of equipment 1
Equipment install year 0
Replacement year 15
Cost of equipment replacement, $/year $1,000

$16,788

Cost of chemical, $/gal
Chemical usage - avg dose/max well capacity, gpd

Total Annual O&M Cost
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Hydrofluosilicic Acid w/ Delivery Service

ANNUAL O&M COSTS

Chemical
Hydrofluosilicic Acid

3rd Party Delivery Service, $/yr/well site $8,369
Total Chemical  cost per year, $/yr $8,369
Labor 

Water Quality Checks

Duration, hours 1.3
Frequency, per year 52
Total labor, per year, hours 65.0

Monthly Safety Inspections

Duration, hours 0.5
Frequency, per year 12.0
Total labor, per year, hours 6.0

Troubleshooting Fl faults & dosage issues

Duration, hours 0.5
Frequency, per year 2
Total labor, per year, hours 1

Program Management

Duration, hours 0.1
Frequency, per year 12
Total labor, per year, hours 1.2

Transcribing Datasheets. Prepare & QAQC DPH Reports

Duration, hours 0.1
Frequency, per year 12
Total labor, per year, hours 1.2

Equipment Maintenance and Repair

Duration, hours 2.0
Frequency, per year 2.0
Total labor, per year, hours 4.0

Equipment Maintenance: Electrical & Instrumentation

Duration, hours 2.0
Frequency, per year 1.0
Total labor, per year, hours 2.0

Overall Labor Costs
Total number of hours of labor per year 80
Hourly rate, $/hr $100.00

Total Labor cost per year $8,040
Chemical Feed and Safety Equipment Replacement

Number of equipment 1
Equipment install year 0
Replacement year 15
Cost of equipment replacement, $/year $1,000

$17,409Total Annual O&M Cost
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10995 Gold Center Drive Suite 100, Rancho Cordova, CA 95670

         B&V Project  172145

PRELIMINARY DESIGN

CITY OF SACRAMENTO
SACRAMENTO, CA

 
FLUORIDATION STUDY

 

PRELIMINARY OPINION ON CAPITAL AND ANNUAL O & M COST
February 2011

 
 

E.A. Fairbairn Hydrofluosilicic Acid System Improvements 219,000$              

(No Shelter, Replace Equipment and Piping Only)

General Conditions (Bonds, Insurance, etc) 10% 22,000$                

Contingency 25% 60,000$                

Mid-Point of Construction 15,000$                

Rate = % 5.0%
Time = Years 1.00 (S=P(1+i)n)

TOTAL PROBABLE CONSTRUCTION COST 316,000$              

E.A. Fairbairn Hydrofluosilicic Acid System Improvements 283,000$              

(New Canopy Structure at Existing Site, New Equipment and Piping)

General Conditions (Bonds, Insurance, etc) 10% 28,000$                

Contingency 25% 78,000$                

Mid-Point of Construction 19,000$                

Rate = % 5.0%
Time = Years 1 00 (S=P(1+i)n)

SUMMARY

1 of 1

Time = Years 1.00 (S=P(1+i) )

TOTAL PROBABLE CONSTRUCTION COST 408,000$              

E.A. Fairbairn Hydrofluosilicic Acid System Improvements 618,000

(New Concrete Masonry Structure Across the Street)

General Conditions (Bonds, Insurance, etc) 10% 62,000$                

Contingency 25% 170,000$              

Mid-Point of Construction 43,000$                

Rate = % 5.0%
Time = Years 1.00 (S=P(1+i)n)

TOTAL PROBABLE CONSTRUCTION COST 893,000$              

Sacramento River WTP Fluoridation Improvements 143,000

(Tank, Piping and Valve Replacement)

General Conditions (Bonds, Insurance, etc) 10% 14,000$                

Contingency 25% 39,000$                

Mid-Point of Construction 10,000$                

Rate = % 5.0%
Time = Years 1.00 (S=P(1+i)n)

TOTAL PROBABLE CONSTRUCTION COST 206,000$              

 
Chemical 

Cost*
Labor 

Estimate
Equipment 

Replacement
Total

Hydrofluosilicic Acid (E.A. Fairbairn) $215,700 $25,100 $1,000 $241,800

Hydrofluosilicic Acid (Sac River) $212,100 $25,500 $1,000 $238,600

* Chemical costs should decrease if the EPA reduces the fluoride target level to 0.7.
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City of Sacramento
Fluoridation Study
Sacramento, California Sac River WTP
WTP Fluoridation Opinion of Probable Construction Cost (OPCC) Replace
February 2011 Replace Equip New Masonry New Canopy Tanks, Valves,

Only Building Structure Piping
Item Description Quantity Unit Unit Cost Total Cost Total Cost Total Cost Total Cost
WTP Hydrofluosilicic Acid Facilities

Mobilization 7% % of Total $13,431 $37,931 $17,396 $8,764
Special Construction

Concrete Masonry Unit Building (includes HVAC system) 1,200 SF $150 $0 $180,000
Alternative Canopy Structure 1,200 SF $40 $0 $48,000 $0

Concrete, cast in place
Slab on grade 44 CY $600 $0 $26,667 $0 $0
Walls 16 CY $1,000 $0 $15,556 $0 $0
Equipment pads 7 CY $800 $0 $5,926 $0 $0

Finishes
Concrete Protective Coating on Containment Area 1,620 SF $15 $24,300 $24,300 $24,300 $0
Protective Coating on Equipment/Piping 1 LS $5,000 $5,000 $5,000 $5,000 $5,000

Metals
Guardpost 4 EA $840 $0 $3,360 $0 $0
FRP Grating 400 SF $90 $0 $36,000 $0 $0
Miscellaneous Metals (Welding, Bolts, etc.) 1 LS $4,000 $0 $4,000 $0 $0
Handrail 40 LF $98 $0 $3,920 $0 $0

Equipment
Chemical Metering Pumps 2 EA $12,000 $24,000 $24,000 $24,000 $24,000
Bulk Storage Tank (6000gallons) 2 EA $24,000 $48,000 $48,000 $48,000 $48,000
Truck Unloading Panel 1 EA $5,000 $5,000 $5,000 $5,000 $0
Chemical piping and accessories 300 LF $30 $9,000 $9,000 $9,000 $9,000
Chemical valves 20 EA $100 $2,000 $2,000 $2,000 $2,000
Static Mixer 1 EA $11,200 $11,200 $11,200 $11,200 $0
Sump Pump 1 EA $6,000 $6,000 $6,000 $6,000 $6,000
Emergency Shower and Eyewash 2 EA $4,000 $8,000 $8,000 $8,000 $0
Flowmeter 2 EA $4,000 $8,000 $8,000 $8,000 $0
Misc. Interior Piping / Devices 1 LS $3,000 $3,000 $3,000 $3,000 $3,000
Fluoride Analyzers (Hach CA610) 1 EA $9,100 $9,100 $9,100 $9,100 $9,100

Demolition (outdoor lime storage silos) 1 LS $25,000 $0 $25,000 $0 $0

Instrumentation and Control 10% % of Total $16,260 $43,803 $21,060 $10,610
Electrical 8% % of Total $13,008 $35,042 $16,848 $8,488

WTP Hydrofluosilicic Acid Facilities $219,000 $618,000 $283,000 $143,000

E.A. Fairbairn WTP
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City of Sacramento
Fluoridation Study
Sacramento, California
WTP Fluoridation System Annual O&M Cost Opinion
February 2011

Hydrofluosilicic Acid E.A. Fairbairn WTP

ANNUAL O&M COSTS

Chemical
Hydrofluosilicic Acid

Delivery Amount 12000
$3.60

192
Chemical cost, $/year $215,654

Total Chemical cost per year, $/yr $215,654

Labor 
Chemical Delivery

Duration, hours 2.00
Frequency, per year 6.00
Total labor, per year, hours 12.00

Monthly Safety Inspections

Duration, hours 0.5
Frequency, per year 12.0
Total labor, per year, hours 6.0

Operations Labor and Sampling

Duration, hours 0.5
Frequency, per year 365.0
Total labor, per year, hours 182.5

Equipment Maintenance and Repair

Duration, hours 8.0
Frequency, per year 3.0
Total labor, per year, hours 24.0

Equipment Maintenance: Electrical & Instrumentation

Duration, hours 2.0
Frequency, per year 7.0
Total labor, per year, hours 14.0

Program Management

Duration, hours 1.0
Frequency, per year 12
Total labor, per year, hours 12.0

Total number of hours of labor per year 251
Hourly rate, $/hr $100.00

Total Labor cost per year $25,050
Equipment Replacement

Number of equipment 1
Equipment install year 0
Replacement year 15
Cost of equipment replacement, $/year $1,000

$241,704

Cost of chemical, $/gal
Chemical usage - avg dose/max well capacity, gpd

Total Annual O&M Cost
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Hydrofluosilicic Acid Sac River WTP

ANNUAL O&M COSTS

Chemical
Hydrofluosilicic Acid

Delivery Amount 12000
$3.30

206
Chemical cost, $/year $212,098

Total Chemical cost per year, $/yr $212,098
Labor 

Chemical Delivery
Duration, hours 2.00
Frequency, per year 6.00
Total labor, per year, hours 12.00

Monthly Safety Inspections

Duration, hours 0.5
Frequency, per year 12.0
Total labor, per year, hours 6.0

Operations Labor and Sampling

Duration, hours 0.5
Frequency, per year 365.0
Total labor, per year, hours 182.5

Equipment Maintenance and Repair

Duration, hours 8.0
Frequency, per year 3.0
Total labor, per year, hours 24.0

Equipment Maintenance: Electrical & Instrumentation

Duration, hours 2.0
Frequency, per year 9.0
Total labor, per year, hours 18.0

Program Management

Duration, hours 1.0
Frequency, per year 12
Total labor, per year, hours 12.0

Total number of hours of labor per year 255
Hourly rate, $/hr $100.00

Total Labor cost per year $25,450
Equipment Replacement

Number of equipment 1
Equipment install year 0
Replacement year 15
Cost of equipment replacement, $/year $1,000

$238,548

Cost of chemical, $/gal
Chemical usage - avg dose/max well capacity, gpd

Total Annual O&M Cost

1 of 1



Staffing Level Evaluation

Well Site Staffing Level Summary

Total Labor Hours Total Labor Days Approximate FTE

1 Sodium Fluoride (Current) 4,039 505 3.1

1 Sodium Fluoride (Optimized) 3,472 434 2.7

2 Hydrofluosilicic Acid 2,662 333 2.0

3 Hydrofluosilicic Acid w/ Delivery Service 2,171  271 1.7

* Full Time Equivalent (FTE) staff based on 163 effective labor days each year

Staff Efficiency Factor = 80%
Days

Regular Days 260

Sick ‐12

Vacation ‐15

Holidays ‐13

Daily Breaks ‐14

Staff Meetings ‐0.5

Overall Training ‐0.8

Safety Meeting ‐0.8

Gross Days 204

Effective Days (less efficiency factor) 163

Option



Water Treatment Plant Staffing Summary

Facility Total Labor Hours Total Labor Days Approximate FTE

E.A. Fairbairn WTP 251 31 0.2

Sac River WTP 255 32 0.2

* Full Time Equivalent (FTE) staff based on 163 effective labor days each year

Staff Efficiency Factor = 80%
Days

Regular Days 260

Sick ‐12

Vacation ‐15

Holidays ‐13

Daily Breaks ‐14

Staff Meetings ‐0.5

Overall Training ‐0.8

Safety Meeting ‐0.8

Gross Days 204

Effective Days (less efficiency factor) 163



City's Pool A Rate 2.5%
ENR ROR 4.0%

Chemical Inflation 6.0%
Water Production Growth 0.3%

Year
Major 

Equipment 
Replacement

Ongoing 
Equipment 

Replacement
Chemicals Labor Total

Major 
Equipment 

Replacement

Ongoing 
Equipment 

Replacement
Chemicals Labor Total

Major 
Equipment 

Replacement

Ongoing 
Equipment 

Replacement
Chemicals Labor Total

Major 
Equipment 

Replacement

Ongoing 
Equipment 

Replacement
Chemicals Labor Total

Current 18,900$         65,141$         403,920$       487,961$       1,365,000$    16,200$         64,800$         348,300$       1,794,300$    2,846,000$    27,000$            159,300$       267,300$       3,299,600$    3,626,000$    27,000$         159,300$                              267,300$       4,079,600$    
1 19,656$         69,245$         421,289$       510,189$       16,848$         68,882$         362,232$       447,962$       28,080$            169,336$       277,992$       475,408$       28,080$         169,336$                              277,992$       475,408$       
2 20,442$         73,607$         439,404$       533,453$       17,522$         73,222$         376,721$       467,465$       29,203$            180,004$       289,112$       498,319$       29,203$         180,004$                              289,112$       498,319$       
3 21,260$         78,244$         458,298$       557,803$       18,223$         77,835$         391,790$       487,848$       30,371$            191,344$       300,676$       522,392$       30,371$         191,344$                              300,676$       522,392$       
4 22,110$         83,174$         478,005$       583,289$       273,747$       18,952$         82,739$         407,462$       782,899$       31,586$            203,399$       312,703$       547,688$       31,586$         203,399$                              312,703$       547,688$       
5 22,995$         88,414$         498,559$       609,968$       19,710$         87,951$         423,760$       531,421$       32,850$            216,213$       325,211$       574,274$       32,850$         216,213$                              325,211$       574,274$       
6 23,915$         93,984$         519,997$       637,896$       20,498$         93,492$         440,711$       554,701$       34,164$            229,835$       338,220$       602,218$       34,164$         229,835$                              338,220$       602,218$       
7 24,871$         99,905$         542,357$       667,133$       21,318$         99,382$         458,339$       579,039$       35,530$            244,314$       351,749$       631,593$       35,530$         244,314$                              351,749$       631,593$       
8 25,866$         106,199$       565,679$       697,743$       320,245$       22,171$         105,643$       476,673$       924,732$       36,951$            259,706$       365,819$       662,476$       36,951$         259,706$                              365,819$       662,476$       
9 26,901$         112,889$       590,003$       729,793$       23,058$         112,299$       495,740$       631,096$       38,429$            276,067$       380,451$       694,948$       38,429$         276,067$                              380,451$       694,948$       

Wells Current Costs Wells Option 1 Wells Option 2A: City Provided HFA Wells Option 2B: City Provided HFA-FL Analyzers

10 27,977$         120,001$       615,373$       763,351$       1,386,989$    23,980$         119,373$       515,569$       2,045,911$    1,731,886$    39,967$            293,460$       395,669$       2,460,981$    1,731,886$    39,967$         293,460$                              395,669$       2,460,981$    
11 29,096$         127,561$       641,834$       798,491$       24,939$         126,894$       536,192$       688,025$       41,565$            311,948$       411,496$       765,009$       41,565$         311,948$                              411,496$       765,009$       
12 30,260$         135,598$       669,433$       835,290$       374,642$       25,937$         134,888$       557,640$       1,093,106$    43,228$            331,600$       427,956$       802,784$       43,228$         331,600$                              427,956$       802,784$       
13 31,470$         144,140$       698,219$       873,829$       26,974$         143,386$       579,945$       750,306$       44,957$            352,491$       445,074$       842,522$       44,957$         352,491$                              445,074$       842,522$       
14 32,729$         153,221$       728,242$       914,192$       28,053$         152,420$       603,143$       783,616$       46,755$            374,698$       462,877$       884,330$       46,755$         374,698$                              462,877$       884,330$       
15 34,038$         162,874$       759,556$       956,468$       29,175$         162,022$       627,269$       818,466$       563,695$       48,625$            398,304$       481,392$       1,492,017$    563,695$       48,625$         398,304$                              481,392$       1,492,017$    
16 35,399$         173,135$       792,217$       1,000,752$    438,278$       30,342$         172,229$       652,359$       1,293,209$    50,570$            423,397$       500,648$       974,616$       50,570$         423,397$                              500,648$       974,616$       
17 36,815$         184,043$       826,283$       1,047,141$    31,556$         183,080$       678,454$       893,090$       52,593$            450,071$       520,674$       1,023,338$    52,593$         450,071$                              520,674$       1,023,338$    
18 38,288$         195,637$       861,813$       1,095,738$    32,818$         194,614$       705,592$       933,024$       54,697$            478,426$       541,501$       1,074,624$    54,697$         478,426$                              541,501$       1,074,624$    
19 39,819$         207,963$       898,871$       1,146,653$    34,131$         206,875$       733,816$       974,821$       56,885$            508,567$       563,161$       1,128,612$    56,885$         508,567$                              563,161$       1,128,612$    
20 41,412$         221,064$       937,522$       1,199,999$    2,563,614$    35,496$         219,908$       763,168$       3,582,186$    4,526,860$    59,160$            540,606$       585,687$       5,712,314$    6,235,936$    59,160$         540,606$                              585,687$       7,421,390$    
FV -$               604,000$       2,696,000$    13,347,000$  16,647,000$  6,723,000$    518,000$       2,682,000$    11,135,000$  21,057,000$  9,668,000$    863,000$          6,593,000$    8,545,000$    25,670,000$  12,158,000$  863,000$       6,593,000$                           8,545,000$    28,159,000$  
PV -$               368,604$       1,645,290$    8,145,286$    10,159,180$  4,102,852$    316,120$       1,636,747$    6,795,367$    12,850,475$  5,900,099$    526,664$          4,023,516$    5,214,765$    15,665,655$  7,419,674$    526,664$       4,023,516$                           5,214,765$    17,184,619$  

Annualized -$               23,645$         105,541$       522,497$       651,682$       263,186$       20,278$         104,993$       435,903$       824,321$       378,474$       33,784$            258,097$       334,512$       1,004,907$    475,951$       33,784$         258,097$                              334,512$       1,102,344$    

Equipment Replacement Detail (2011 Base Construction Costs) Equipment Replacement Detail (2011 Base Construction Costs)

Year 4 - $234,000 allowance for pump replacement Year 10 - $1,170,000 allowance for tank, piping, valve replacement
Year 8 - $234, 000 allowance for pump replacement Year 15 - $313,000 allowance for pump replacement
Year 10 - $937,000 allowance for tank, piping, valve access. Replacement Year 20 - $2,066,000 allowance for tank, piping, valve, instrument, access.
Year 12 - $234,000 allowance for pump replacement
Year 16 - $234,000 allowance for pump replacement, p p p
Year 20 - $1,170,000 allowance for pump, tank, piping… replacement



Year

Current
1
2
3
4
5
6
7
8
9

Major 
Equipment 

Replacement

Ongoing 
Equipment 

Replacement
Chemicals Labor Total

Major 
Equipment 

Replacement

Ongoing 
Equipment 

Replacement
Chemicals Labor Total

Major 
Equipment 

Replacement

Ongoing 
Equipment 

Replacement
Chemicals Labor Total

2,846,000$    27,000$         226,800$       216,000$       3,315,800$    3,626,000$    27,000$         226,800$       216,000$       4,095,800$    316,000$       1,000$           215,700$       25,100$         557,800$       
28,080$         241,088$       224,640$       493,808$       28,080$         241,088$       224,640$       493,808$       1,040$           229,289$       26,104$         256,433$       
29,203$         256,277$       233,626$       519,106$       29,203$         256,277$       233,626$       519,106$       1,082$           243,734$       27,148$         271,964$       
30,371$         272,422$       242,971$       545,764$       30,371$         272,422$       242,971$       545,764$       1,125$           259,090$       28,234$         288,449$       
31,586$         289,585$       252,689$       573,861$       31,586$         289,585$       252,689$       573,861$       1,170$           275,412$       29,363$         305,946$       
32,850$         307,829$       262,797$       603,476$       32,850$         307,829$       262,797$       603,476$       1,217$           292,763$       30,538$         324,518$       
34,164$         327,222$       273,309$       634,695$       34,164$         327,222$       273,309$       634,695$       1,265$           311,207$       31,760$         344,232$       
35,530$         347,837$       284,241$       667,609$       35,530$         347,837$       284,241$       667,609$       1,316$           330,813$       33,030$         365,159$       
36,951$         369,751$       295,611$       702,313$       36,951$         369,751$       295,611$       702,313$       1,369$           351,655$       34,351$         387,374$       
38,429$         393,045$       307,435$       738,910$       38,429$         393,045$       307,435$       738,910$       1,423$           373,809$       35,725$         410,957$       

EAF Option 1: No ShelterWells Option 3: HFA Deliverer Wells Option 3B: HFA Deliverer w/ FL Analyzers

10
11
12
13
14
15
16
17
18
19
20
FV
PV

Annualized

1,731,886$    39,967$         417,807$       319,733$       2,509,392$    1,731,886$    39,967$         417,807$       319,733$       2,509,392$    405,587$       1,480$           397,359$       37,154$         841,580$       
41,565$         444,129$       332,522$       818,216$       41,565$         444,129$       332,522$       818,216$       1,539$           422,392$       38,640$         462,572$       
43,228$         472,109$       345,823$       861,160$       43,228$         472,109$       345,823$       861,160$       1,601$           449,003$       40,186$         490,790$       
44,957$         501,852$       359,656$       906,465$       44,957$         501,852$       359,656$       906,465$       1,665$           477,290$       41,793$         520,749$       
46,755$         533,468$       374,042$       954,266$       46,755$         533,468$       374,042$       954,266$       1,732$           507,360$       43,465$         552,556$       

563,695$       48,625$         567,077$       389,004$       1,568,402$    563,695$       48,625$         567,077$       389,004$       1,568,402$    1,801$           539,323$       45,204$         586,328$       
50,570$         602,803$       404,564$       1,057,937$    50,570$         602,803$       404,564$       1,057,937$    1,873$           573,301$       47,012$         622,185$       
52,593$         640,779$       420,747$       1,114,119$    52,593$         640,779$       420,747$       1,114,119$    1,948$           609,419$       48,892$         660,259$       
54,697$         681,149$       437,576$       1,173,422$    54,697$         681,149$       437,576$       1,173,422$    2,026$           647,812$       50,848$         700,686$       
56,885$         724,061$       455,079$       1,236,025$    56,885$         724,061$       455,079$       1,236,025$    2,107$           688,624$       52,882$         743,613$       

4,526,860$    59,160$         769,677$       473,283$       5,828,980$    6,235,936$    59,160$         769,677$       473,283$       7,538,056$    692,395$       2,191$           732,007$       54,997$         1,481,591$    
9,668,000$    863,000$       9,387,000$    6,905,000$    26,824,000$  12,158,000$  863,000$       9,387,000$    6,905,000$    29,313,000$  1,414,000$    32,000$         8,927,000$    802,000$       11,176,000$  
5,900,099$    526,664$       5,728,613$    4,213,921$    16,369,908$  7,419,674$    526,664$       5,728,613$    4,213,921$    17,888,872$  862,923$       19,529$         5,447,889$    489,437$       6,820,388$    

378,474$       33,784$         367,474$       270,311$       1,050,083$    475,951$       33,784$         367,474$       270,311$       1,147,520$    55,354$         1,253$           349,466$       31,396$         437,508$       

Equipment Replacement Detail (2011 Base Construction Costs) Equipment Replacement Detail (2011 Base Construction Costs)

Year 10 - $1,170,000 allowance for tank, piping, valve replacement Year 10 - $274,000 allowance for pumps, tank, piping, valve replacement
Year 15 - $313,000 allowance for pump replacement Year 20 - $316,000 allowance for pumps, tank, piping, valve, instr, access.
Year 20 - $2,066,000 allowance for tank, piping, valve, instrument, access.



Year

Current
1
2
3
4
5
6
7
8
9

Major 
Equipment 

Replacement

Ongoing 
Equipment 

Replacement
Chemicals Labor Total

Major 
Equipment 

Replacement

Ongoing 
Equipment 

Replacement
Chemicals Labor Total

Major 
Equipment 

Replacement

Ongoing 
Equipment 

Replacement
Chemicals Labor Total

408,000$       1,000$           215,700$       25,100$         649,800$       893,000$       1,000$           215,700$       25,100$         1,134,800$    1,000$           212,100$       25,500$         238,600$       
1,040$           229,289$       26,104$         256,433$       1,040$           229,289$       26,104$         256,433$       1,040$           225,462$       26,520$         253,022$       
1,082$           243,734$       27,148$         271,964$       1,082$           243,734$       27,148$         271,964$       1,082$           239,666$       27,581$         268,329$       
1,125$           259,090$       28,234$         288,449$       1,125$           259,090$       28,234$         288,449$       1,125$           254,765$       28,684$         284,574$       
1,170$           275,412$       29,363$         305,946$       1,170$           275,412$       29,363$         305,946$       1,170$           270,816$       29,831$         301,817$       
1,217$           292,763$       30,538$         324,518$       1,217$           292,763$       30,538$         324,518$       1,217$           287,877$       31,025$         320,118$       
1,265$           311,207$       31,760$         344,232$       1,265$           311,207$       31,760$         344,232$       1,265$           306,013$       32,266$         339,544$       
1,316$           330,813$       33,030$         365,159$       1,316$           330,813$       33,030$         365,159$       107,906$       1,316$           325,292$       33,556$         468,071$       
1,369$           351,655$       34,351$         387,374$       1,369$           351,655$       34,351$         387,374$       1,369$           345,786$       34,899$         382,053$       
1,423$           373,809$       35,725$         410,957$       1,423$           373,809$       35,725$         410,957$       1,423$           367,570$       36,294$         405,288$       

EAF Option 2: Shade Structure EAF Option 3: Masonary Building SRWTP

10
11
12
13
14
15
16
17
18
19
20
FV
PV

Annualized

1,480$           397,359$       37,154$         435,993$       149,505$       1,480$           397,359$       37,154$         585,498$       1,480$           390,727$       37,746$         429,953$       
1,539$           422,392$       38,640$         462,572$       1,539$           422,392$       38,640$         462,572$       1,539$           415,343$       39,256$         456,138$       
1,601$           449,003$       40,186$         490,790$       1,601$           449,003$       40,186$         490,790$       186,511$       1,601$           441,509$       40,826$         670,447$       

552,804$       1,665$           477,290$       41,793$         1,073,553$    1,665$           477,290$       41,793$         520,749$       1,665$           469,324$       42,459$         513,449$       
1,732$           507,360$       43,465$         552,556$       1,732$           507,360$       43,465$         552,556$       1,732$           498,892$       44,158$         544,781$       
1,801$           539,323$       45,204$         586,328$       162,085$       1,801$           539,323$       45,204$         748,413$       1,801$           530,322$       45,924$         578,047$       
1,873$           573,301$       47,012$         622,185$       1,873$           573,301$       47,012$         622,185$       1,873$           563,732$       47,761$         613,366$       
1,948$           609,419$       48,892$         660,259$       1,948$           609,419$       48,892$         660,259$       248,530$       1,948$           599,247$       49,671$         899,397$       
2,026$           647,812$       50,848$         700,686$       2,026$           647,812$       50,848$         700,686$       2,026$           637,000$       51,658$         690,684$       
2,107$           688,624$       52,882$         743,613$       2,107$           688,624$       52,882$         743,613$       2,107$           677,131$       53,725$         732,962$       
2,191$           732,007$       54,997$         789,196$       885,214$       2,191$           732,007$       54,997$         1,674,409$    2,191$           719,790$       55,874$         777,855$       

961,000$       32,000$         8,927,000$    802,000$       10,723,000$  2,090,000$    32,000$         8,927,000$    802,000$       11,852,000$  543,000$       32,000$         8,778,000$    815,000$       10,168,000$  
586,470$       19,529$         5,447,889$    489,437$       6,543,935$    1,275,466$    19,529$         5,447,889$    489,437$       7,232,931$    331,377$       19,529$         5,356,958$    497,371$       6,205,235$    

37,620$         1,253$           349,466$       31,396$         419,775$       81,817$         1,253$           349,466$       31,396$         463,972$       21,257$         1,253$           343,633$       31,905$         398,048$       

Equipment Replacement Detail (2011 Base Construction Costs) Equipment Replacement Detail (2011 Base Construction Costs) Equipment Replacement Detail (2011 Base Construction Costs)

Year 13 - $332,000 allowance for pumps, tank, piping, valve replacement Year 10 - $101,000 allowance for piping, valve replacement Year 7 - $82,000 allowance for piping, valve replacement
Year 15 - $90,000 allowance for tank replacement Year 12 - $126,000 allowance for tank replacement

(Not Included) Year 20 - $404,000 for pumps, tank, piping, valve replacement Year 17 - $138,000 for pumps, piping, valve replacement
Year 23 - $332,000 allowance for pumps, tank, piping, valve replacement



2011 Cost of Fluoridation Total City Fluoridation Costs Present and Future Equipment Replacement Total City Fluoridation Costs less Equipment Costs

2011 Capitol 
Project

O&M 
Equipment 

Costs

O&M 
Chemical 

Costs

O&M Labor 
Costs

Total 2011 
O&M Costs

PW Annuallized FW PW Annuallized FW PW Annuallized FW

-$               19,756$         491,876$       445,305$       956,937$       NA NA NA NA NA NA

$2,258,000 $18,000 $493,000 $399,000 $910,000 $26,289,000 $1,686,000 $43,077,000 $6,065,000 $389,000 $9,938,000 $20,224,000 $1,297,000 $33,139,000

$3,739,000 $29,000 $587,000 $318,000 $934,000 $29,104,000 $1,867,000 $47,690,000 $8,073,000 $518,000 $13,228,000 $21,031,000 $1,349,000 $34,462,000

3,739,000$    29,000$         655,000$       267,000$       951,000$       29,808,000$  1,912,000$    48,844,000$     8,073,000$    518,000$       13,228,000$  21,735,000$  1,394,000$    35,616,000$                         

Current System Costs

B&V Recommendation 1.  Optimize the 
wells.  Protect EAF Equipment

Scenario 1: NAF @ Wells + 
EAF in Bldg+ SRWTP

B&V Recommendation 2.  Change Wells 
to HFA.  Protect EAF Equipment.

Scenario 2: HFA @ Wells + 
EAF in Bldg + SRWTP

Provide for minimimal Total Costs, but 
lower employee exposure to HFA

Scenario 3: Delivered HFA @ 
Wells + EAF in Bldg + 

SRWTP

Minimize initial capital costs Scenario 4: NAF @ Wells + 
EAF Outdoors + SRWTP

Goal Description

1,681,000$    18,000$         493,000$       399,000$       910,000$       28,691,000$  1,840,000$    47,014,000$     7,660,000$    491,000$       12,552,000$  21,031,000$  1,349,000$    34,462,000$                         

1,773,000$    18,000$         493,000$       399,000$       910,000$       25,600,000$  1,642,000$    40,152,000$     5,376,000$    345,000$       8,809,000$    20,224,000$  1,297,000$    31,343,000$                         

O&M Cost 956,937$       
Less Fraction of Chemical Cost to Fluoridate Wholseale Water (19,718)$        

City Only O&M Portion 937,219$       
Population 486,189$       Source: Cal Dep of Finance, 1/1/2010 Estimate

Current Cost Ratio of Fluoridation 1.93$             $/person

Minimize long term costs Scenario 5: NAF @ Wells + 
EAF in Canopy + SRWTP
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