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Chapter 1.0 - Summary of Findings and Recommendations 

 

This Water Facilities Plan was prepared for the City of Stuart to meet the requirements of the Florida 
Department of Environmental Protection (FDEP) State Revolving Fund (SRF) loan funding of drinking water 
systems.  The City of Stuart is located in Martin County and provides water service to the City of Stuart 
and some parts of unincorporated Martin County.  The City of Stuart serves an estimated 16,623 resident 
population within its service area with 3,950 service connections inside the City and 487 service 
connections outside the City limits.   

The City of Stuart owns and operates a water treatment plant (WTP) with a permitted treatment capacity 
of 6.0 million gallons per day (mgd) that utilizes forced draft aeration, lime softening, and dual media 
filtration to treat surficial groundwater from their supply wells.  The water wellfield is comprised of a total 
of 30 production wells of which 23 are active and 7 are inactive due to contamination remediation efforts.  
Additionally, three wells, PW-1, PW-3, and PW-5, are also currently inactive due to perfluorooctanoic acid 
(PFOA) and perfluorooctane sulfonate (PFOS) contamination levels that exceed EPA health advisory levels 
(HAL). 

The Environmental Protection Agency (EPA) established the Third Unregulated Contaminant Monitoring 
Rule {UCMR 3) in 2012 and required yearly assessment monitoring of public drinking water systems in 
2013, which regulates a number of emerging contaminants of concern that have been found in water 
sources around the Country. The City of Stuart was required to monitor for these contaminants as a public 
water system (PWS) which serves more than 10,000 people since 2013. For the City of Stuart, the 
perfluorinated compounds (PFC's), perfluorooctanesulfonic acid (PFOS) and perfluorooctanoic acid 
{PFOA) are the contaminants of concern which have consistently been detected above the minimum 
reporting level (MRL) since the rule was promulgated. Although no regulatory limits were initially 
established by the UCMR 3, in May 2016 EPA established a value of 0.07 ug/1, or 70 parts per trillion (ppt), 
as a Health Advisory Level (HAL) for the combined PFOS and PFOA levels for public drinking water systems. 
Since the inception of the UCMR 3, the City of Stuart's water treatment system's point of entry (POE) has 
historically experienced samples with PFC levels above this HAL. The HAL's provide information on 
contaminants that can cause human health effects and are known or anticipated to occur in drinking 
water. EPA's HAL's are non-enforceable and provide technical guidance to state agencies and other public 
health officials on health effects, analytical methodologies, and treatment technologies associated with 
drinking water contamination.  

Although the source of PFC contamination found in the groundwater is not fully known, given the 
environmental sources suspected for the contribution of these contaminants, the source of measured 
PFCs are suspected to be either from fire-fighting foam entering groundwater, or direct contribution from 
wastewater reclaim application. Given elevated levels found in several supply wells within a clustered 
area, it is believed that a point source is the major contributor to these elevated levels.  

In addition to contamination of the supply wells for the City’s water treatment plant, elevated levels of 
PFC compounds have also been detected in an area within the City’s service area called the Monterey 
Subdivision, consisting of approximately 146 residences within a 32.5-acre area in unincorporated Martin 
County on SE San Jose St, SE Tejon St, SE Cortez St, SE Madrid St, and SE Seville St.  These homes are 
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currently on private wells that recent sampling results have shown PFC levels above the established EPA 
levels. 

Based on the results from the sampling and technical research for PFC removal, the current treatment in 
use at the water treatment plant, using air stripping of the raw water to remove volatiles and other known 
contaminants, is not effective at removing PFC's.  The City of Stuart needs to implement a pretreatment 
process to remove the PFOA and PFOS contaminants to well below the HAL.   

The Monterey Subdivision also needs to have a new water distribution system constructed to connect to 
the City’s public water supply to disconnect these homes from their private well systems.   

Additionally, there are certain factors that are threatening the reliability and availability of the surficial 
aquifer.  These factors include groundwater contamination, potential for salt water intrusion, and 
potential impacts on adjacent wetlands and other legal users.    Due to the ongoing threats to the existing 
water supply and potential for more stringent future drinking water regulations, the City of Stuart needs 
to diversity its supply options by investing in an alternate water supply (AWS) and treatment system.   

Although the City’s surficial aquifer water supply is sufficient to meet the population and water demand 
forecasts under existing water quality regulations, the City’s existing surficial aquifer system wells 
withdrawal rates are limited due to the potential for wetland impacts, potential for saltwater intrusion, 
and contamination in the surficial aquifer supply. Due to these reasons the City is proactively planning to 
phase in over a ten-year period reverse osmosis treatment utilizing the Florida Aquifer System as an 
alternative water source. 

Based on the factors noted above, this project meets the requirements of Florida Statute 403.8532(9) 
which states that special consideration shall be given to “Projects that provide for the development of 
alternative drinking water supply projects and management techniques in areas where existing source 
waters are limited or threatened by saltwater intrusion, excessive drawdowns, contamination, or other 
problems”. 

The project cost for the Monterey Subdivision water distribution system, proposed pretreatment facilities, 
and alternative water supply reverse osmosis treatment through Phase 2 is estimated at $18,968,668.   Of 
the total estimated cost, $779,935 is for the Monterey Subdivision water distribution system, $1,904,733 
is for the pretreatment system (Phase 1) and $16,284,000 is for the alternative water supply reverse 
osmosis treatment through Phase 2.  The City is currently requesting a $1,904,733 loan for the 
construction of the pretreatment system (Phase 1), a $768,375 loan for the design of the first two bid 
packages (Phase 2A and 2B) for the alternative water supply project, and a $779,935 construction loan for 
the Monterey Subdivision water distribution system.  The details of capital and operation and 
maintenance costs for the water treatment plant improvements are shown in Appendix A. 

The pledged revenue for debt payments are the water charges by the City of Stuart.  The SRF loan will be 
repaid in 40 semi-annual installments. 
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Chapter 2.0 - Introduction 

 2.1 Background 

The City of Stuart is located in Martin County, Florida along Florida’s East coast.  It is the 
largest of the four incorporated municipalities within Martin County and serves as the 
County seat.  The City which is bordered by the North and South Forks of the St. Lucie 
River, was first settled in 1870, incorporated in 1914 and chartered in 1925.  The City of 
Stuart is a small neighborhood community that is famous for its sport fishing and is known 
locally as the Sailfish Capital of the World due to its proximity to the Gulf Stream in the 
Atlantic Ocean.  Although the residential population fluctuates with an increase in visitors 
during the winter months, the City’s service area population was estimated to be 
approximately 16,623 based on US Census data with 3,950 service connections inside the 
City and 487 service connections outside the City limits. 

The Utility Division of the Public Works Department is responsible for the overall 
operation of the City’s water system including the treatment and distribution of water to 
its service area customers.  The planning area, Figure 2-1, includes the entire service area 
which encompasses the majority of the City of Stuart as well as contiguous areas east to 
the St. Lucie River, west to the South Fork of the St. Lucie River and south to Monterey 
Road.  

 2.2 Need 

The City of Stuart (City) owns and operates a water treatment plant (WTP) with a 
permitted treatment capacity of 6.0 million gallons per day (mgd) that utilizes forced draft 
aeration, lime softening, and dual media filtration to treat surficial groundwater from 
their supply wells.  The water wellfield is comprised of a total of 30 production wells of 
which 23 are active and 7 are inactive due to contamination remediation efforts.  
Additionally, three wells, PW-1, PW-3, and PW-5, are also currently inactive due to 
perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) contamination 
levels that exceed EPA health advisory levels (HAL).  A copy of the Public Health 
Certification Risk and lab results of the well sampling is included under Appendix H. 

The Environmental Protection Agency (EPA) established the Third Unregulated 
Contaminant Monitoring Rule (UCMR 3) in 2012 and required yearly assessment 
monitoring of public drinking water systems in 2013, which regulates a number of 
emerging contaminants of concern that have been found in water sources around the 
Country.  The City of Stuart was required to monitor for these contaminants as a public 
water system (PWS) which serves more than 10,000 people since 2013. In particular for 
the City of Stuart, perfluorinated compounds (PFC’s), perfluorooctanesulfonic acid (PFOS) 
and perfluorooctanoic acid (PFOA) are the contaminants of concern which have 
consistently been detected above the minimum reporting level (MRL) since the rule was 
promulgated.  
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PFOS PFOA 

Although a provisional health advisory for PFOS/PFOA combined was set at 0.600 ug/L, or 
600 parts per trillion (ppt) in 2009, in May 2016 EPA established a value of 0.07 ug/L, or 
70 parts per trillion (ppt), as a Health Advisory Level (HAL) for the combined PFOS and 
PFOA levels for public drinking water systems. Since the inception of the UCMR 3, the City 
of Stuart’s water treatment system’s point of entry (POE) has historically experienced 
samples with PFC levels above this HAL. The HAL’s provide information on contaminants 
that can cause human health effects and are known or anticipated to occur in drinking 
water. EPA's HAL’s are non-enforceable and provide technical guidance to state agencies 
and other public health officials on health effects, analytical methodologies, and 
treatment technologies associated with drinking water contamination. 

 

Although the source of PFC contamination found in the groundwater is not fully known, 
given the environmental sources suspected for the contribution of these contaminants, 
the source of measured PFCs are suspected to be either from a direct point source 
contamination using fire- fighting foam entering groundwater. Given elevated levels 
found in several supply wells within a clustered area, it is believed that a point source is 
the major contributor to these elevated levels. Refer to Figure 2-2 illustrating the PFC 
(PFOA + PFOS) levels measured in each supply well and POE. 

Based on the results from the sampling and technical research for PFC removal, 
conventional treatment currently in use at the water treatment plant of using air 
stripping of the raw water to remove volatiles and other known contaminants followed 
by lime softening and filtration is not effective at removing PFC’s. For supporting 
information, refer to the Water Research Foundation’s Web Report #4322, 
“Treatment Mitigation Strategies for Poly- and Perfluoralkyl Substances”.  Based on 
this information and other research, the existing treatment system provides 
inadequate treatment for the removal and/or reduction of PFC’s in order to meet the 
established regulations and the City’s treatment goals. 

Given the PFC contaminant’s concentration in the raw water, it is not anticipated that 
blending with other wells with lower PFC levels as a treatment method to reduce PFC 
levels in the finish water will be acceptable to meet the PFC removal goals. Using the 70 
ppt HAL (combined PFOA and PFOS) as an upper limit for each well, an alternative 
treatment method will be necessary to maintain use of the groundwater wells. There is 
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Also, on-going research outside of the EPA that has suggested lower allowable 
concentrations of PFOA, PFOS, and other PFC’s is recommended. For instance, The State 
of New Jersey was in the process of promulgating a maximum contaminant level for PFOA 
of 14 ppt at the time of this report, nearly five times lower than the HAL EPA has 
established. If adopted, it will be the only legal limit on PFOA in the nation. 

The existing groundwater supply has limitations due to challenges with other historical 
contaminants, including the recent presence of PFCs and some of the emerging 
contaminants of concern. Accordingly, the approach to the City’s water supply concerns 
revolves around achieving compliance for the existing water source and customers as well 
as a sustainable supply for the future of the City.  

The current water supply is derived from the surficial aquifer which has limited 
withdrawal capacity and is highly scrutinized by the South Florida Water Management 
District due to its influence on the surrounding water table. In addition, its close proximity 
to the surface yields it as suspect to contamination from surface application of chemicals 
and reclaimed water. Specifically, these contaminants include the PFCs, and others listed 
in Table 2-1.  

 
Table 2-1 Contaminants of Concern - City of Stuart Wells 

Water Quality Unit Influent (range) MCL/HAL 

 Parameter 
 PFC (PFOS)** ug/L 0.046 - 2.1 - 
 PFC (PFOA)** ug/L 0.0048-0.052 - 
 PFC (PFOS + PFOS) (max) ug/L 0.050 - 2.15 0.070 

> 1,4-Dioxane** ug/L 0.130 - 
> Methyl-tert-butyl-ether ug/L 1.800 - 
> cis-1,2-Dichloroethylene (DCE) ug/L 0.3-42.4 70.0 
> 1,2 Dichloropropane (DCP) ug/L 1.2-39.0 - 
> 1,2,3-Trichloropropane (1,2,3-TCP)* ug/L 1.0-23.8 - 
> Trichloroethylene (TCE) ug/L 5.00 - 
> Tetrachloroethylene (PCE) ug/L 0.65 3.0 
> Vinyl Chloride ug/L 0.13 1.0 
> Chlorobenzene ug/L 0.34 - 
> Benzene ug/L 1.30 1.0 

* UCMR3 List 
** UCMR3 and UCMR4 List 
> Treatment currently in place 
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Longer term raw water supply focused on alternative water sources needs to be 
implemented in the future for sustainability, treatment feasibility, regulatory 
considerations, and financial efficiency for the City. The existing surficial aquifer is a limited 
source of raw water, and the City does not have any alternative water supply sources, 
other than interconnects with neighboring utilities.  Additionally, the existing surficial 
aquifer has a number of existing contaminants that further limit the withdrawal capacity, 
and with the recent discovery of PFC contaminants, further limits the Utilities ability to 
meet future water system demands and drinking water standards. Table 2-1 provides a list 
of current and historical known contaminants that require advanced treatment beyond 
conventional lime softening and filtration. 

Currently, there is no known groundwater contaminant level established for PFC’s that 
would trigger corrective cleanup actions or potential funding at the PFC levels measured 
in the wells. Additionally, the use of reclaim water for irrigation and continued recharge of 
the surficial aquifer has no regulations for these emerging contaminants. However, reclaim 
water quality standards are currently under review by the regulatory agencies, which may 
trigger monitoring and/or potential treatment for these emerging contaminants. 

The short-term solution should include either replacing lost capacity from these wells with 
finished water from existing finish water interconnects or restore the functional use of the 
existing groundwater wells containing elevated PFC levels with an alternative treatment 
method. Restoring capacity of the raw water supply wells which contain PFC levels above 
the HAL, must include an advanced treatment method not currently used at the existing 
facility. Pilot testing using the most cost-effective, best known track record of reducing 
PFC’s was developed and implemented in order to identify design criteria, operational 
experience, and capital and operating costs associated with the selected treatment option.   
 

Based on the results from the sampling and technical research for PFC removal, the 
current treatment in use at the water treatment plant, using air stripping of the raw water 
to remove volatiles and other known contaminants, is not effective at removing PFC's.  
The City of Stuart needs to implement a pretreatment process to remove the PFOA and 
PFOS contaminants to well below the HAL.  Additionally, there are certain factors that are 
threatening the reliability and availability of the surficial aquifer.  These factors include 
groundwater contamination, potential for salt water intrusion, and potential impacts on 
adjacent wetlands and other legal users.    Due to the ongoing threats to the existing water 
supply and potential for more stringent future drinking water regulations, the City of 
Stuart needs to diversity its supply options by investing in an alternate water supply (AWS) 
and treatment system.   

In addition to contamination of the supply wells for the City’s water treatment plant, 
elevated levels of PFC compounds have also been detected in an area within the City’s 
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service area called the Monterey Subdivision, consisting of approximately 146 residences 
within a 32.5-acre area in unincorporated Martin County on SE San Jose St, SE Tejon St, 
SE Cortez St, SE Madrid St, and SE Seville St.  .  These homes are currently on private wells 
that recent sampling results have shown PFC levels above the established EPA levels.  In 
conjunction with the treatment improvements planned at the City’s water treatment 
facility, the Monterey Subdivision also needs to have a new water distribution system 
constructed to connect to the City’s public water supply to disconnect these homes from 
their private well systems.   

Although the City’s surficial aquifer water supply is sufficient to meet the population and 
water demand forecasts under existing water quality regulations, the City’s existing 
surficial aquifer system wells withdrawal rates are limited due to the potential for wetland 
impacts, potential for saltwater intrusion, and contamination in the surficial aquifer 
supply. Due to these reasons the City is proactively planning to phase in over a ten-year 
period reverse osmosis treatment utilizing the Florida Aquifer System as an alternative 
water source.  This project meets the requirements of Florida Statute 403.8532(9) which 
states that special consideration shall be given to “Projects that provide for the 
development of alternative drinking water supply projects and management techniques 
in areas where existing source waters are limited or threatened by saltwater intrusion, 
excessive drawdowns, contamination, or other problems”. 

 2.3 Scope of Study 

The scope of the Water Facilities Plan is described below: 

1. Inventory existing water facilities, service area characteristics, and environmental 
conditions. 

2. Establish design needs for planning period. 
3. Identify and evaluate various water system alternatives to satisfy the planning year 

needs. 
4. Recommend the most cost-effective, environmentally sound facilities to meet the 

planning needs. 
5. Describe, in detail, the recommended facilities and their cost. 
6. Present a schedule of implementation of the recommended facilities. 
7. Identify and adverse environmental impacts and propose mitigating measures. 
8. Identify a source of financing and estimate the cost per household. 
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Chapter 3.0 - Environmental Impacts 

3.1 Description of Planning Area 

 3.1.1 Planning/Water Service Area 

The planning area and water service area are the same and as depicted in Figure 3-1.  The 
planning area is bounded on the east by the St. Lucie River, on the south by Monterey 
Road on the west by the South Fork of the St. Lucie River and on the north by Federal 
Highway/US No. 1 and Baker Road.   

 3.1.2 Climate 

Due to its proximity to the Atlantic Ocean in South Florida, the climate in the City of Stuart 
is humid with warm temperatures characteristic of long tropical summers and mild 
winters.  According to climate data provided by the USDA Natural Resources Conservation 
Service, the average annual temperature is 830F.  During extended periods from the 
month of June through the month of September, daytime temperatures often exceed 
900F.  Winters are generally short and mild with January generally the coldest month with 
an average daily temperature of 650F.  The coldest day temperature recorded in Stuart in 
the last 30 years was 230F.  Normally in Stuart the temperatures rarely reach freezing.  

The average rainfall in Stuart is 59 inches.  Approximately 60% of the total rainfall occurs 
during the months of June through September. 

From June to September, daily thunderstorms with moderately high winds are likely to 
occur.  The hurricane season begins in June and concludes in November and heavy rainfall 
and high winds can be expected during this time period. 

 3.1.3 Topography and Drainage 

The topography in the service area ranges from sea level to 15 feet. Higher elevations can 
be found as you move inland from the areas located adjacent to the surrounding waters.  
The highest elevation in the planning area is 17 feet.  Figure 3-2 depicts the topography 
data for the Stuart service area.  Surface water drains to adjacent waterways with the 
flow generally from the west to the east except in those areas adjacent to water bodies. 
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 3.1.4 Geology, Soils and Physiography 

Most of the planning areas terrain is flat and low lying.  According to the USDA Soil 
Conservation Service: 

“The sandy flatlands, stretching westward from the coastal ridge to near 
Lake Okeechobee, make up the major part of the survey area.  The flatlands 
consist mostly of flatwoods with numerous small ponds and grassy sloughs.  The 
soils are predominantly nearly level, sandy, and wet and have a sandy subsoil that 
is weakly cemented with organic matter.  In the south-central part of the survey 
area, limestone is below the soil in many places.  Most areas of the flatwoods have 
an elevation ranging from 15 to 30 feet, but in the northwestern part elevation 
ranges to about 50 feet.  Vegetation is mostly pine, saw palmetto, and pineland 
threeawn.”   

The soils characteristics for the planning area, as provided from the USDA Soil 
Conservation Service, are illustrated in Figure 3-3.  Throughout the planning area, 
nearly level to gently sloping, excessively drained soils exist.  These soils are 
typically sandy throughout.  The majority of the soils are Paola soils, 50 percent, 
with 30 percent St. Lucie soils and 20 percent soils of minor extent.  Paola soils 
are excessively drained.  The surface layer is gray sand about 4 inches thick, the 
subsurface layer is mostly white sand to a depth of 32 inches with a subsoil is also 
sand to a depth of about 68 inches. The substratum is a light yellowish-brown 
sand to a depth of 80 inches or more. St. Lucie soils are also excessively drained 
and consist of a surface layer of gray sand approximately 3 inches thick followed 
by a layer of white sand to a depth of 80 inches or more. 

  3.1.5 Surface and Ground Water Hydrology, Quality and Uses 

3.1.5.1. Surface and Ground Water Hydrology 

There are no Outstanding Florida Waters in the planning area.  Figure 
3-4 illustrates the surface water features located within the planning 
area.  The St. Lucie River is a designated Class III water body, suitable 
for recreation and for propagation of fish and wildlife.  The 
Intracoastal waterway is located to the east of the planning area and 
serves as the marine highway for boat traffic travelling through Stuart 
on their way north or south.   

 

 

 



CITY OF STUART

WATER FACILITIES PLAN
SOIL SURVEY FIGURE 3-3

HOLTZ CONSULTING ENGINEERS, INC.
270 SOUTH CENTRAL BLVD., SUITE 207 
JUPITER, FL 33458
PH: (561) 575-2005



CITY OF STUART

WATER FACILITIES PLAN

SURFACE WATER 

FEATURES
FIGURE 3-4

HOLTZ CONSULTING ENGINEERS, INC.
270 SOUTH CENTRAL BLVD., SUITE 207 
JUPITER, FL 33458
PH: (561) 575-2005



 

16 
 

 3.1.5.2. Surface and Ground Water Quality and Uses 

The water quality in the St. Lucie River is fair and fluctuates seasonally 
due to releases of freshwater from Lake Okeechobee.  Much of the 
ground water in the planning area is Class G-11 (potable water use).  

  3.1.6 Sourcewater Protection 

The City’s main potable water supply source is the surficial aquifer.  All of the 
City’s raw water supply wells withdraw from the surficial aquifer approximately 
100 to 125 feet below ground surface.  The production wells vary slightly in 
depth from approximately 105-feet to 120 feet below ground surface depending 
on local subsurface conditions. 

The City’s Comprehensive Plan references the Martin County Wellfield Protection 
Ordinance (Ord.  No. 428, pt. 1 adopted 7-27-1993 and Ord. No. 437, pt. 2, 
adopted 3-8-1994) which adopted the Martin County Wellfield Protection 
Ordinance provisions to make Division 5 application to the City of Stuart.  
Additionally, the City of Stuart has developed policies within its Comprehensive 
Plan (Ord. No. 1893-02, pt. 1 adopted 1-27-2003 and Ord. No. 2205-2010, pt. 1 
(Exh. I)) adopted 9-27-2010) related to sourcewater protection.   

The proposed projects will enhance and improve the City’s water supply and 
sourcewater protection.  Appendix B contains a copy of the Martin County 
Wellfield Protection Ordinance. 

  3.1.7 Environmentally Sensitive Areas or Features 

   3.1.7.1 Wetlands 

According to the U.S. Department of the Interior National Wetland 
Inventory Map, numerous freshwater wetlands border surface water 
bodies that drain the service area.  Figure 3-5 presents wetlands 
identified in the National Wetland Inventory.  There will be no wetland 
impacts associated with the City of Stuart alternative water supply 
treatment project including the concentrate disposal main.   

   3.1.7.2 Environmentally Sensitive Lands 

All proposed improvements will be constructed on the existing City of 
Stuart water treatment plant site or within the public road Right-of-Way 
for the concentrate disposal main.  There are no environmentally 
sensitive lands within the project area. 
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   3.1.7.3 Plant and Animal Communities (Endangered Species) 

According to the Martin County Soil Survey, wildlife habitat has already 
been impacted with development in the urbanized areas near the coast 
such as the City of Stuart.  The most extensive areas of good habitat are 
in the undeveloped rangeland and the ocean beaches which are used 
extensively for nesting by endangered and threatened sea turtles and the 
mangrove islands in the Indian River, Loxahatchee River and St. Lucie 
River which are valuable as rookery and roosting areas for wading birds 
and pelicans. 

The alternative water supply project will be on the existing City of Stuart 
water treatment plant property and for the concentrate disposal main 
within the limits of public road Right-of-Ways within the heart of the 
downtown City of Stuart service area and therefore no endangered or 
threatened species of animals or vegetation will be impacted with this 
project. 

   3.1.7.4 Archaeological and Historical Sites 

Figure 3-6 identifies the historical and archaeological sites recorded in 
the Florida Master Site File (Florida Division of Historical Resources) 
within the project area.  As identified in the figure, the alternative water 
supply project will be constructed within the limits of existing City of 
Stuart water treatment plant property and public right-of-way for the 
concentrate disposal main and Monterey Subdivision water mains.  
Although there are structures and sites identified within the project 
areas, none of these projects will be impacted by the alternative water 
supply project.     

  3.1.8 Floodplain 

Flood zones for the water service area are presented in Figure 3-7.  The areas in 
which the proposed infrastructure and treatment improvements are to be 
constructed are located in Zones X and AE.  The Flood Insurance Rate Map (FIRM) 
defines Zone X as an area determined to be outside of the 0.2% annual chance 
floodplain.  Zone AE is designed as the 100-year floodplain where base flood 
elevations have been determined. The construction of the City of Stuart alternative 
water supply project will occur on the existing water treatment plant site and within 
the limits of the public road Right-of-Way and will not create any impact on the 
existing floodplain boundaries as the surface elevation will not be altered. 
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  3.1.9 Air Quality 

According to the Florida Department of Environmental Protection, Florida Air 
Quality System (FLAQS) website, the City of Stuart’s water service area is an 
“attainment” area with respect to the National Ambient Air Quality Standards. 

The construction of the City of Stuart alternative water supply project will not 
create any impact on the existing City of Stuart air quality.   

3.2 Socio-economic Conditions 

  3.2.1 Population 

The population of the service area is calculated using the available information 
from the different census tracts from the American Community Survey, 2016 
estimates.  Using the past history of the census tracts population and future 
growth estimates from Martin County and the City of Stuart planning 
department, a future population projection is made for the census tracts.  Table 
3-1 presents the existing population of the City of Stuart in the census tracts 
served and the current number of water accounts. 

Table 3-1:  Population and Future Water Demands 

 

 

 

3.2.2  Land Use and Development 

Future land use is established in the Comprehensive Plan for the City of Stuart 
and is depicted in the 2030 Future Land Use Map.  Areas within the City north of 
the St. Lucie River consist of commercial, residential, conservation, and limited 
areas of industrial.  The majority of the City of Stuart is south of the St. Lucie 
River.  The central area of the City, considered downtown Stuart, is a mix of 
commercial, office, and residential.  Heading east, the predominant land use is 
single-family and multi-family residential, with commercial and office uses along 
SE Ocean Boulevard, and interspersed areas of public and institutional 
uses.  Along the western city limits, adjacent to the St. Lucie River, uses are 
predominantly single-family, with several areas of multi-family and 
commercial.  Heading south along the U.S. 1 corridor, land uses are 
predominantly commercial, followed by multi-family residential, with limited 
areas of industrial, public, and institutional.  Redevelopment, or future 

Year Total Resident 
Population of 
Water Service Area 

Number of 
Accounts 

2016 16,623 4,500 
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development on vacant parcels, is expected to be consistent with the City’s 2030 
Future Land Use Map.     

3.3 Water Supply, Treatment and Transmission/Distribution System 

  3.3.1 Description of the Existing Water System 

The City of Stuart receives raw water from 30 raw water wells located throughout 
the City’s service area and has executed an Interlocal Agreement with Martin 
County Utilities (MCU) for the purchase of additional potable water should this 
be necessary in order for the City to meet daily demands.  These water sources 
are summarized as follows: 

Raw Water Source:  Surficial Aquifer.  All of the City’s raw water supply wells 
withdraw from the surficial aquifer approximately 100 to 125 feet below ground 
surface.  The production wells vary slightly in depth from approximately 105-feet 
to 120 feet below ground surface depending on local subsurface conditions.  
Seven of the 30 supply wells have been leased to Northrop Grumman 
Corporation, as part of its groundwater remediation program.  A map showing 
the location of the City’s raw water wells is included as Figure 3-8. 

In addition to the raw water wells, the City has an Interlocal Agreement with 
Martin County Utilities (MCU) for the purchase of additional potable water should 
this be necessary in order for the City to meet daily demands. 

The City of Stuart’s water transmission and distribution system consists of 
approximately 100 miles of pipe that ranges in diameter from ¾ inches to 24 
inches.  The material of construction includes cast iron, ductile iron, asbestos 
cement, and polyvinyl chloride (PVC).   

The City’s water transmission and distribution system is supplied by high service 
pumps located at the City’s water treatment plant which draws from the water 
plant’s ground storage.  The City’s service area for potable water is depicted in 
Figure 3-1 titled City of Stuart Potable Water Service Area. 
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  3.3.2 Present and Historical Water Usage 

The City’s projected per capita water demand was determined as part of the City’s 
South Florida Water Management District (SFWMD) Water Use Permit renewal 
process.  The estimated future per capita demand of 191 gallons per day per 
person (gpd/person) by 2028 is less than the current demand of 218 gpd/person.  
Table 3-2 shows the future population projections along with the corresponding 
potable water flow demand projections through 2028. 

Table 3-2:  Population and Future Water Demands 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data Source:  City of Stuart South Florida Water Management District Water Use 
Permit Application. 

The projected daily potable water necessary to serve the City’s future demands 
ranges from 3.6 million gallons per day (MGD) to 5.96 MGD.  Based on these 
projections, neither the average daily demand nor the maximum daily demands 
are anticipated to exceed the current permitted WTP capacity of 6.0 MGD within 
the planning period. 

 

 

Year Population Per 
Capita 
Usage 
(gallons) 

Average 
Daily 
Flow 

MDF 
Peaking 
Factor 

Maximum 
Daily 
Flow 
(MGD) 

Peak 
Hour 
Peaking 
Factor 

2009 17,135 210 3.60 1.32 4.76 1.93 
2010 17,428 209 3.65 1.32 4.81 1.93 
2011 17,726 208 3.69 1.32 4.87 1.93 
2012 18,029 207 3.73 1.32 4.93 1.93 
2013 18,338 206 3.78 1.32 4.99 1.93 
2014 18,651 205 3.82 1.32 5.05 1.93 
2015 18,970 204 3.87 1.32 5.11 1.93 
2016 19,295 203 3.92 1.32 5.17 1.93 
2017 19,625 202 3.96 1.32 5.23 1.93 
2018 19,960 201 4.01 1.32 5.30 1.93 
2019 20,302 200 4.06 1.32 5.36 1.93 
2020 20,649 199 4.11 1.32 5.42 1.93 
2021 21,002 198 4.16 1.32 5.49 1.93 
2022 21,361 197 4.21 1.32 5.55 1.93 
2023 21,726 196 4.26 1.32 5.62 1.93 
2024 22,098 195 4.31 1.32 5.69 1.93 
2025 22,476 194 4.36 1.32 5.76 1.93 
2026 22,860 193 4.41 1.32 5.82 1.93 
2027 23,251 192 4.46 1.32 5.89 1.93 
2028 23,648 191 4.52 1.32 5.96 1.93 



 

25 
 

  3.3.3  Water Conservation 

The City of Stuart adopted a 20-year Water Conservation Initiative in January 
2008.  Effective July 1, 2010, the City also adopted 2-day per week year-round 
water conservation measures to limit residential irrigation to 2 days per week and 
the timing of the irrigation to early morning and late evenings to mitigate the loss 
of water to evaporation.   

The City of Stuart recently implemented the use of AquaHawk, an online water 
conservation and budgeting tool for customers. AquaHawk Alerting™ is an 
online Web portal that enables City customers to see their water usage anytime 
during the billing cycle. After registering and providing up-to-date contact 
information, customers can opt to receive a text message, e-mail, or phone call 
alert if their consumption indicates a potential leak or abnormal usage.  To help 
save money and more efficiently manage water usage, customers can set 
thresholds for usage (e.g., 5,000 gals.). If the customer's consumption is trending 
to exceed or surpasses the threshold, AquaHawk will send an automatic alert.  
Additionally, when City of Stuart 
consumers are traveling, AquaHawk 
enables them to monitor for 
unauthorized water use in their homes. 
Consumption, rainfall, and temperature 
data are displayed in easy-to-understand 
graphs that help pinpoint when an 
account may be using water inefficiently 
such as watering a landscape during, or 
shortly after a rain event. 

Since 2012, the City of Stuart along 
with partnering agencies, has been 
hosting an annual “Water Fest”, in 
honor of Water Conservation Month, 
Earth Day, and Drinking Water Week. 
This free-to-the public event is to 
promote and educate awareness for 
water conservation and protecting 
the environment.  More than 1,000 
attendees come to Water Fest each 
year.  Young and old learn together 
about water testing and treatment, 
water quality and conservation.  Participants are provided with hands-on water 
treatment testing and sampling offered by Martin County Utilities and the City of 
Stuart Water Treatment Facility.   

City of Stuart Annual Water Fest 
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  3.3.4 Performance of Existing Water System 

The high service pumps at the City’s water treatment plant perform well and the 
water treatment plant is in good operating condition and has the capability to 
treat the projected demand permitted under the water use permit from the 
South Florida Water Management District.   

  3.3.5 Service Population and Water Demand Projection 

The water demand for 2028 is developed based upon the population projection 
and per capita demand of 191 gallons per capita.  Table 3-2 listed above, 
presents the projected water demands from 2009 to 2028.  

3.4 Managerial capacity 

The City of Stuart Public Works Department has the responsibility and authority to 
operate and maintain the water system.  Department staff has the capability and 
capacity to maintain and operate the City’s water system.  The City’s water system is 
continuously operated in shifts.  After hours repairs and maintenance are conducted 
with night and weekend utility crews. 

Routine water analyses are performed by Public Works Department staff in the City’s 
laboratory.  Monitoring of the water system is accomplished with SCADA.  Recently the 
City of Stuart implemented AquaHawk Alerting™, a meter reading system that 
incorporates leak detection to more accurately pinpoint the location of leaks and breaks 
and to allow residents to monitor water conservation and individual water usage. 
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Chapter 4.0 - Alternatives Analysis 

 4.1 General 

For the pretreatment system (Phase I) as part of the City of Stuart Alternative Water 
Supply Project there are three viable treatment method alternatives effective at removing 
PFC’s:   

  1. (An) Ion Exchange (AIX). 

  2. Granular activated carbon (GAC). 

  3. Membrane Treatment (Reverse Osmosis (RO) and Nanofiltration (NF). 

Pilot testing was conducted to determine the most feasible treatment method for the 
removal of the PFC compounds. 

The current water supply for the City of Stuart is the surficial aquifer.  However, the 
surficial aquifer has several factors which are threatening the reliability and availability of 
this water source. These factors include groundwater contamination, potential for salt 
water intrusion, and potential impacts on adjacent wetlands and other legal users.  The 
recommended alternative water supply is the Floridan aquifer Upper Permeable Zone.  
Although the current, total dissolved solids (TDS) concentration is expected to be 
between 3,000 – 5,000 mg/L, it is expected that the TDS concentrations will increase to 
approximately 6,000 mg/L after 50 years of pumping. The proper technology to treat 
water of this characteristics is reverse osmosis (RO).  The addition of the reverse osmosis 
treatment to the City of Stuart will result in a reduction on surficial well withdrawals.  The 
chart below depicts the estimated surficial well withdrawals through 2040.   
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For the alternative water supply and treatment systems (Phase 2) four potential 
alternatives utilizing reverse osmosis treatment were evaluated as a solution to the City 
of Stuart’s water supply needs and are depicted in the table below.  Cost was not a factor 
in the evaluation and comparison of the four alternatives. 

AWS Alternatives 

Alternative Description 
Disposition of 
Existing Lime 

Softening Plant 

Alternative Water Supply 

Source Treatment 
Process 

1 

Replace lime 
softening plant with 
nanofiltration 
treatment and add 
Floridan Aquifer 
wells and reverse 
osmosis treatment 

Replace with 
Nanofiltration WTP 

Upper 
Floridan 
Aquifer 
(UFA) 

Reverse 
Osmosis 

2 

Continued operation 
of existing lime 
softening plant plus 
add Floridan Aquifer 
wells (completed in 
the Upper Floridan 
Upper Permeable 
Zone) and reverse 
osmosis treatment 

Continue Operation 
of Existing Lime 
Softening Plant 

Upper 
Floridan 
Aquifer 
Upper 

Permeable 
Zone (UPZ) 

Reverse 
Osmosis 

3 

Continued operation 
of existing lime 
softening plant plus 
add Floridan Aquifer 
wells (completed in 
the Upper Floridan 
Avon Park 
Permeable Zone) 
and reverse osmosis 
treatment 

Continue Operation 
of Existing Lime 
Softening Plant 

Upper 
Floridan 

Aquifer Avon 
Park 

Permeable 
Zone (APPZ) 

Reverse 
Osmosis 

4 

Continued operation 
of existing lime 
softening plant plus 
add Floridan Aquifer 
wells (completed in 
the Lower Floridan 
Aquifer Uppermost 
Permeable Zone) 
and reverse osmosis 
treatment 

Continue Operation 
of Existing Lime 
Softening Plant 

Lower 
Floridan 
Aquifer 

Uppermost 
Permeable 
Zone (LFA) 

Reverse 
Osmosis 
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For the Monterey Subdivision water main improvements there are three primary options 
which are:  

1. No action 
2. Construction of a filtration system at each individual residence 
3. Construction of a new water distribution system and connect to the City’s water 

distribution system. 

 4.2 Cost-effectiveness 

The cost effectiveness of the project was evaluated based on capital investment, and 
operation and maintenance costs.  However, the benefit of the projects outweighs the 
capital costs as they provide removal of harmful contaminants and provide a reliable 
source and treatment of drinking water for the City and its residents.  Appendix A 
contains a detailed cost calculation of the selected alternative.   

Cost was not a factor in the evaluation and comparison of the four alternative water 
supply alternatives, however the capital costs for the feasible alternatives are presented 
below: 

Alternative Description Evaluation Capital Cost 

1 

Replace lime softening 
plant with 

nanofiltration 
treatment and add 

Floridan Aquifer wells 
and reverse osmosis 

treatment 

Not feasible due to 
limited site space 

Capital Cost not 
estimated, 

alternative not 
feasible 

2 

Continued operation of 
existing lime softening 
plant plus add Floridan 

Aquifer wells 
(completed in the 

Upper Floridan Upper 
Permeable Zone) and 

reverse osmosis 
treatment 

Feasible and 
recommended 

$16,284,000 
 

3 

Continued operation of 
existing lime softening 
plant plus add Floridan 

Aquifer wells 
(completed in the 

Upper Floridan Avon 
Park Permeable Zone) 
and reverse osmosis 

treatment 

Feasible but not 
recommended due 

to raw water quality 
degradation over 

time based on 
groundwater 

hydraulic modeling 
results 

$16,752,000 
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The finished water from the reverse osmosis facility will off-set finished water produced 
by the lime softening plant.  Hence, the overall O&M costs for the facility will increase.  
However, keeping the lime softening plant as the sole means of water treatment for the 
City of Stuart is not a feasible option.  The estimated annual O&M cost increase for the 
facility is presented below.   

 

 

 

 

 

 

 

Chemical costs were developed based on preliminary chemical dosages presented in the 
table below, a raw water flow of 1.43 mgd and a permeate flow rate of 1.0 mgd.  

 

 

 

 

 

 

 

Maintenance costs were developed based replacement frequency experienced by 
facilities with similar treatment processes as well as engineering judgement. For 

4 

Continued operation of 
existing lime softening 
plant plus add Floridan 

Aquifer wells 
(completed in the 

Lower Floridan Aquifer 
Uppermost Permeable 

Zone) and reverse 
osmosis treatment 

Not feasible due to 
poor raw water 

quality 

Capital Cost not 
estimated, 

alternative not 
feasible 

Preliminary Estimate of Chemical Doses 

Chemical Unit Dose 

Sulfuric Acid mg/L 65 

Scale Inhibitor mg/L 3.0 

Corrosion Inhibitor mg/L 5.0 

Sodium Hydroxide mg/L 40 

Carbon Dioxide mg/L 30 
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membrane replacement costs, it was assumed that membranes are replaced every 5 
years. For cartridge filter replacement cost, it was assumed that the replacement 
frequency is every 6 months. These frequencies can change depending on raw water 
quality characteristics as well as overall system maintenance practices.  

Energy costs were estimated based on a permeate flow rate of 1.0 mgd at a membrane 
recovery of 70%. The RO system’s total energy cost was calculated based on a unit power 
cost of $0.10 per kilowatt-hour (kW-hr). The energy costs include power consumption for 
the equipment listed below: 
• One (1) UFA well pump (continuous operation) 
• One (1) RO membrane feed pump (continuous operation) – for this calculation an  

average pressure between current condition and 20-year projected condition was 
assumed 

• One (1) clean-in-place pump (12 hours of operation every three months) 
• Five (5) chemical metering pumps (continuous operation) 
• One (1) degasifier blower (continuous operation) 
• One (1) transfer pump (continuous operation) 
• One (1) concentrate pump (continuous operation) 
 

 4.3 Pretreatment System  

4.3.1 Pilot Testing 

The City of Stuart’s existing groundwater supply has limitations due to recent discovery 
of Per-Fluorinated (PFCs) and other emerging contaminants of concern in the raw water 
supply.  Since the existing conventional treatment system does not provide adequate 
treatment and removal of these contaminants, pilot testing was immediately 
implemented to determine the most cost-effective method of treatment.  Based on 
sampling results and technical research available at the time, the current treatment 
system in place using aeration, lime softening, and filtration of the raw water is not 
effective at removing PFC’s.  With that, the City actively investigated treatment methods 
to reduce and eliminate the PFC’s in the raw water supply.  A treatment investigation was 
conducted in late 2016, of which granular activated carbon (GAC), ion exchange (IX), and 
membrane treatment were determined to be the best available technologies suitable for 
implementation at the City’s water treatment plant.  A copy of the full report and the 
basis of design is included as Appendix G.  The following is the evaluation of each of the 
treatment technologies: 

4.3.1.1 Ion Exchange 

Ion exchange is an exchange of ions between two electrolytes or between an electrolyte 
solution and a complex. Typical ion exchangers are ion exchange resins (functionalized 
porous or gel polymer), zeolites, montmorillonite, clay, and soil humus. Ion exchangers 
are either cation exchangers that exchange positively charged ions (cations) or anion 
exchangers that exchange negatively charged ions (anions). Typical ion exchange 
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systems include softeners, which replace or remove calcium (hardness) with sodium. 

Ion exchange resins from different manufacturers tend to deliver varying results on 
PFC removal. Research indicates that fresh resin presents a higher removal 
efficiency than continuous regeneration approaches (Appleman, 2012). The removal 
efficiency is estimated to be largely based on molecular weight of the fluorine chains. 
The longer chains such as PFOS typically have better removal efficiency in cases where 
ion exchange has been shown to provide some removal of the PFC’s. Generally, in the 
cases where ion exchange has provided some level of removal, the smaller versus larger 
fluorine hydrocarbon chains were removed at approximately 46% and 92%, respectively 
(Appleman, 2012). According to the WRF Web Report #4322, Treatment Mitigation 
Strategies for Poly- and Perfluoroalkyl Substances, 2016, Amberlite IRA-400 resin was 
found to have a higher capacity than GAC for both PFOS and PFOA removal. However, 
contact times for IX are much longer than typical bed volumes used for conventional IX 
treatment, and conventional regeneration techniques were not sufficient to regenerate 
the resins. Recent experience with IX piloting has been directed away from regenerating 
the resins and running the bed volumes to exhaustion. 

Other studies have indicated waters with contaminated with PFC’s that contained higher 
natural organic matter (NOM) were more effectively removed using IX, possibly due to 
the interaction between the PFC’s and NOM. 

Given the research that has been conducted, ion exchange has the potential to provide 
removal of PFCs and should be considered on a case by case basis compared to the 
contaminants present and the Utility’s goals. Recent advances in IX technology and 
recent pilot studies have shown IX resins that were originally designed to remove 
perchlorates from contaminated water have shown outstanding performance in 
removing PFC’s at extended bed volume cycles down to non-detect levels. Small scale 
pilot testing was conducted at the conclusion of the initial final draft report, which has 
triggered modification of this report to include IX performance. The following process 
flow diagram (Figure A) is a schematic depiction of the integration of GAC into the City’s 
existing process. 

Some of the advantages of using IX include: 
• Specific, yet partial removal of contaminants with select media 
• Requires low operating pressures 
• No hazardous chemicals required for treatment 
• Much higher bed volume treatment than GAC (> 10 times) 
• Regeneration not required, lowered operating costs  

 
The disadvantages include: 
• Potential to lose resin and require regular purchase of new resin 
• Maintenance can be intensive with several mechanical transfer processes if 

resins regenerated 
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Non-labor operating costs are mainly composed of ion exchange resin replacement, and 
regeneration cost and brine disposal cost IF the resins are regenerated. Operating costs are 
estimated based on average annual design flow conditions. Ion exchange resin replacement and 
regeneration with sodium chloride is estimated at $0.20 per 1,000 gallons of treated average flow. 
If regenerated resin used, brine disposal cost is estimated at $0.15 per 1,000 gallons of ion 
exchange treated flow, which includes pumping of spent brine directly to the City’s WWTP. Both 
the resin supply and brine disposal costs are subject to CPI cost increases and could lead to 
increased operating expenses. Labor costs, power costs and other existing operating costs are not 
included in this estimate. The conceptual level operational cost estimates for the ion exchange 
system are shown in the table below. 

 

Conceptual Level Annual AIX Operational Cost Estimate 

ADD Capacity (MGD) MDD Capacity (MGD) Operating Costs ($ 
per 1,000 gallon 

produced) 

Estimated Annual 
Operating Cost (0.525 
MGD treated per day) 

0.525 0.75 $ 0.35 $67,069 

 
 

The conceptual level of capital costs estimated for ion exchange treatment construction are 
shown in the table below. The estimated costs are based on treating the average day demand 
flow rate of 0.525 MGD. The cost shown includes the ion exchange treatment systems and pre- 
filtration to prevent sand and silt build-up on the resins. The brine as well as the ancillary 
resin regeneration system, brine storage and transfer systems, and resin storage and system 
controls needed for full operation of the ion exchange treatment system was not included in 
the table of costs, since the newer generation IX resins are assumed to be run through to 
exhaustion of the resin when PFC levels start to breakthrouth. The table below provides a 
summary of the estimated costs for the ion exchange treatment alternative. 

 
Conceptual Level AIX Capital Cost Estimate 

 

Item Size/Units Quantity Unit or Material Cost Total Cost 
General 
Requirements 

L.S. 1 $ 50,000 $ 50,000 

Site Civil (slab, site 
work) 

L.S. 1 $ 110,000 $ 110,000 

Site Mechanical 
(RWM piping, u/g) 

 
L.S. 

 
1 

 
$ 90,000 

 
$ 90,000 
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Electrical (new service, 
MCC, VFD's) 

 
L.S. 

 
1 

 
$ 120,000 

 
$ 120,000 

12-inch FM 
(WTP to 
WWTP) 

 
FT 

 
5300 

 
$ 90 

 
$ - 

DIW upgrades L.S. 1 $ - $ - 
Process 

Ion Exchange (vessels, 
filters, resin) 

 
MGD-ADD 

 
1.00 

 
$ 0.47 

 
$ 470,000 

Instrumentation & 
Controls 

 
L.S. 

 
1 

 
$ 80,000 

 
$ 80,000 

Total Construction 
Cost 

$ 920,000 

 
Contingency 

% of 
Const. 

 
15% 

 
$ 138,000 

 
$ 138,000 

Engineering 
Planning, Design 
and Permitting 

% of 
Const. 

 
12% 

 
$ 126,960 

 
$ 126,960 

Total Budget $ 1,184,960 
 

4.3.1.2 Granular Activated Carbon 
 

Activated carbon is commonly used adsorb natural organic compounds, taste and odor 
compounds, and synthetic organic chemicals in drinking water treatment. Adsorption is both 
the physical and chemical process of accumulating a substance at the interface between 
liquid and solids phases. Activated carbon is an effective adsorbent because it is a highly 
porous material and provides a large surface area to which contaminants may adsorb. The two 
main types of activated carbon used in water treatment applications are granular activated 
carbon (GAC) and powdered activated carbon (PAC). 

 

Multiple carbon manufacturers and carbon bases of their carbon components have been 
utilized to effectively remove PFCs in water sources. The testing researched has resulted in a 
variance of active removal rates and bed volumes. The carbon base material, loading rates, 
raw water contaminants, nominal organic matter (NOM) and TOC, and granule size have all 
contributed to the length of run time, removal of specific contaminants and regeneration 
frequency. Despite the variations in these criteria, the treatment technology is overall 
effective at removing PFCs of concern for the City of Stuart. 

 

In general, waters with TOC and NOM in the raw water significantly reduces the bed volumes to 
contaminant breakthrough.  This results in more frequent regeneration and more costly 
operations. Relating to the City of Stuart’s ground water supply, organics are going to be present 
and are most likely going to reduce the longevity of each carbon load. It is anticipated that the 
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frequency of full breakthrough would be around the 10,000 bed volumes (Appleman, 2012). 

 

At the pilot scale, small columns of GAC can be exposed to a steady stream of raw water to 
simulate the actual operating conditions of the Utility. Pilot testing is typically completed using 
4-inch columns filled with a known quantity of GAC. As the water is processed through the GAC 
the water quality parameters are analyzed on the treated side of the GAC media.  As the specific 
parameters of concern consume the GAC adsorption sites within the media, they will be 
identified in the treated water. This is termed as the initial breakthrough and the beginning 
stages of degrading removal of the specified contaminant. At this point, the carbon will 
become less efficient at removing the contaminant and the engineering analysis can be used 
to determine the percentage of breakthrough that can be allowed while maintaining 
compliance with the regulatory conditions. Once the GAC reaches its limit for obtaining 
regulatory compliance, it is considered exhausted and requires regeneration or replacement 
with virgin media. This process reveals the design parameters for the full-scale design and 
operation of the GAC treatment process and can be scaled up directly to the full- scale 
treatment. 

 

At the full-scale treatment design and operation, the process is administered in the same 
fashion. The pressurized carbon vessels are much larger and hold from 20,000 to 40,000 
pounds of GAC and require backwash cycles as the pressure buildup in the vessel typically 
escalates prior to the exhaustion of the carbon media. The breakthrough of the 
contaminants is observed similarly to the breakthrough described for the pilot scale 
operation. The frequency of regeneration is similar to the process observed in the pilot scale 
adjusted for the quantity of flow at the full-scale treatment. As noted above, the full-scale 
treatment and operation closely resembles the process experienced in the pilot scale 
treatment and operation. The following process flow diagram (Figure B) is a schematic 
depiction of the integration of GAC into the City’s existing process. 

 

Some of the advantages of using GAC include: 

• Proven technology with numerous installations 

• Requires low operating pressures 

• No chemicals required for treatment 

• Less maintenance than other treatment alternatives 

• High percentage removal of specific contaminants 

• Can be designed for full or partial removal of contaminants 

• Regenerated GAC minimizes operational costs 

• Capital expense for installation is low compared to other alternatives 

• Allows hardness and alkalinity through for treated water stability
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The disadvantages include: 

• Spent carbon must be regenerated offsite 

• GAC is consumed by hydrogen sulfide (H2S), iron, DOC and TOC which can reduce the 
removal efficiency and significantly shorten the regeneration cycles, resulting in 
increased operating costs 

• Iron can blind over the media, greatly reducing the treatment effectiveness of the 
GAC 

• Large loading of backwash/rinse flow disposal into the onsite backwash basin for the 
lime softening facility 

• Operational expenses may be higher than the other alternatives due to the frequent 
estimation of regeneration cycles 

 
Estimated operating costs for the various treatment levels is presented in the table below for 
GAC treatment. Non-labor operating costs are mainly composed of the cost of GAC 
regeneration. Operating costs are estimated based on average annual design flow conditions. 
The largest contributor to the operating expenses for GAC center around the supply and 
regeneration of the GAC media, its transport to and from a regeneration facility, and steady 
replacement through each regeneration cycle. GAC regeneration costs are estimated using 
$1.35 per pound of GAC and a GAC consumption rate of 0.64 pounds per 1,000 gallons treated 
prior to breakthrough. Backwash disposal costs, labor costs, and other existing operating costs 
are not included in this estimate. Overall, total operating costs are estimated to be $0.58 per 
1,000 gallons produced for the respective treatment level considered. 

Conceptual Level Annual GAC Operational Cost Estimate 

ADD Capacity (MGD) MDD Capacity (MGD) Operating Costs ($ 
per 1,000 gallon 

produced) 

Estimated Annual 
Operating Cost (0.525 
MGD treated per day) 

0.525 0.75 $ 0.58 $111,143 

 
 

The conceptual level of capital costs estimated for GAC treatment construction are shown in the 
table below. The estimated costs are based on treating the average day demand flow rate of 
0.65 MGD. The cost shown includes the GAC treatment systems, as well as the ancillary 
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backwash systems and controls needed for full operation of the GAC treatment system. The 
table below provides a summary of the estimated costs for the GAC treatment alternative. 

Conceptual Level GAC Capital Cost Estimate 

 
Item 

 
Size/Units 

 
Quantity 

Unit or Material 
Cost 

 
Total Cost 

General 
Requirements 

L.S. 1 $ 50,000 $ 50,000 

Site Civil (slab, site 
work) 

 
L.S. 

 
1 

 
$ 80,000 

 
$ 110,000 

Site Mechanical 
(RWM piping, u/g) 

 
L.S. 

 
1 

 
$ 80,000 

 
$ 80,000 

Electrical (new 
service, MCC, VFD's) 

 
L.S. 

 
1 

 
$ 95,000 

 
$ 120,000 

Process 
Recirc/booster 
pumps 

L.S. 1 $ 50,000 $ 50,000 

Granular 
Activated Carbon 
(vessels, GAC, 
rinse pumps) 

 
 

MGD-ADD 

 
 

1.00 

 
 

$ 0.38 

 
 

$ 380,000 

Instrumentation & 
Controls 

 
L.S. 

 
1 

 
$ 80,000 

 
$ 80,000 

Total Construction 
Cost 

$ 870,000 

Contingency % of Const. 15% $ 130,500 $ 130,500 
Engineering 
Planning, Design 
and Permitting 

 
% of Const. 

 
12% 

 
$ 120,060 

 
$ 120,060 

Total Budget $ 1,120,560 
 
  4.3.1.3 Membrane Treatment 

Research suggests that membrane treatment is a viable option for removal of the 
contaminants listed in the UCMR 3 and the suggested contaminants in the drafted UCMR 4. 
However, there is no known full-scale membrane treatment system that is currently in 
operation and that demonstrates consistent reliable rejection of these contaminants. 
Depending on the level of treatment desired and the contaminants present, nanofiltration (NF) 
membranes can be implemented to provide effective removal of the PFCs regulated by the 
UCMR 3 and UCMR 4. As with several other technologies listed within this analysis, the smaller 
carbon chain PFCAs such as perfluorobutanoic acid (PFBA) are more challenging to remove. 
Nanofiltration membranes were observed to remove greater than 90% of the PFCs in both a flow 
through and recycled treatment approach (Appleman, 2012). 
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Where more effective treatment removal is needed, brackish water reverse osmosis (RO) 
membranes have shown to remove greater than 90% of all the contaminants listed and greater 
than 95% of all contaminants listed over the molar mass of 300 g/mol (Appleman, 2012). Even with 
the molar mass driving most of the rejection abilities, the RO membrane is estimated to remove 
greater than 95% of PFBAs found in the raw water which are the smallest chain of PFCs. Therefore, 
membrane treatment provides the best available technology and highest removal efficiency of all 
the PFC’s down to the smallest molecular weight than the other treatment methods. While research 
indicates that membrane elements appear to reject the PFBAs, PFCs and PFOAs at a high rate, it is 
suggested that the City pilot membrane elements to confirm the rejection rates as well as compare 
the performance of elements from different manufacturers. 

 
At the pilot scale, a single element testing unit can be utilized to show rejection characteristics of 
selected membranes. The performance can be quickly compared by simulating the projected 
recovery of multiple elements within the full-scale system. Typical single element pilot tests focus on 
the lead and tail elements of the system as well as a representative middle element within the 
membrane train.   Samples taken from the raw feed stream, permeate and concentrate can be 
analyzed to monitor the respective performance from the membrane elements. If further testing is 
desired to simulate the full membrane train’s performance and any fouling potential, a pilot scale 
membrane test can   be initiated using 4-inch elements mocking the projected staging array. The 
following process flow diagram is a schematic depiction of the integration of membranes into the 
City’s existing process. 

 
Some of the advantages of using membrane treatment include: 

 

• High percentage of removal of contaminants 

• Continuous operation of consistent treatment quality 

• Automated process controls for operators 

• Lowest operating costs compared to the comparable alternatives 

• Can be tested at small scale to identify the effective removal of contaminants  

The disadvantages include: 

• Concentrate disposal is required resulting in increased DIW usage 

• Direct forcemain required to convey concentrate to DIW for disposal 

• New chemicals introduced to the plant operation (acid for pH adjustment, anti- 
scalant for membrane process) 

• Capital expense is larger than other alternatives 

• Operator interaction and instrument technician required for day to day operation 
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Traditionally, membrane operational costs and concentrate disposal have been the prohibiting 
factor in integrating membrane treatment. Since the City’s WTP currently has a deep injection well 
for wastewater effluent injection, the concentrate disposal expense includes repumping the 
concentrate down the deep well. Given that the anticipated feed pressures for this raw water 
quality are expected to be less than 100 psi, the non-labor operating costs are much more 
comparable to, if not less expensive, than other treatment technologies. For this operating expense 
analysis, we have calculated the power consumption using 100 psi as the feed pressure and the 
remaining concentrate pressure to transport the concentrate to the effluent storage and disposal 
site. 
 
The non-labor operating costs are mainly composed of energy (feed pumping) cost, membrane 
replacement cost (5-year replacement), and concentrate disposal cost (repumping down the deep 
injection well). The conceptual level operating costs are estimated based on average annual design 
flow conditions. Membrane feed power costs are estimated using $0.12 per KWH and 100 psi net 
feed pressure, which results in a cost of 
$0.25 per 1,000 gallons of membrane permeate produced. Concentrate disposal pumping results 
in a cost of $0.05 per 1,000 gallons of membrane permeate produced, which results in total 
membrane operational costs of $0.30 per 1,000 gallons of membrane permeate produced. 
Concentrate disposal is assumed to be via a pipeline to the WWTP, using residual concentrate 
pressure from the membrane systems. In order to provide an air gap between the membrane 
concentrate and the injection well, a booster pump station is necessary and the capital and 
operating costs are included. Membrane replacement cost is estimated at 
$0.05 per 1,000 gallons of permeate produced. Labor costs, deep injection well maintenance, 
additional chemical costs and other existing operating costs are not included in this conceptual level 
cost estimate. 

Conceptual Level Annual Membrane Operational Cost Estimate 

ADD Capacity (MGD) MDD Capacity (MGD) Operating Costs ($ 
per 1,000 gallon 

produced) 

Estimated Annual 
Operating Cost (0.525 
MGD treated per day) 

0.525 0.75 $ 0.30 $57,488 

 
The conceptual level of capital costs estimated for membrane treatment system construction are 
shown in the table below. The estimated costs are based on producing the average day demand flow 
rate of 0.525 MGD. The cost shown includes the membrane treatment systems, as well as the 
ancillary cleaning system, concentrate storage and disposal systems. 
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Conceptual Level Membrane Capital Cost 

Item Size/Units Quantity Unit or Material Cost Total Cost 
General Requirements L.S. 1 $ 50,000 $ 50,000 
Site Civil (slab, site work) L.S. 1 $ 110,000 $ 110,000 
Site Mechanical (RWM 
piping, u/g) 

 
L.S. 

 
1 

 
$ 90,000 

 
$ 90,000 

Electrical (new service, 
MCC, VFD's) 

 
L.S. 

 
1 

 
$ 150,000 

 
$ 150,000 

12-inch FM (WTP to 
WWTP) 

 
FT 

 
5300 

 
$ 90 

 
$ 477,000 

DIW upgrades L.S. 1 $ 250,000 $ 250,000 
Process 

Building SQFT 8000 $ 110 $ 880,000 
Membrane Treatment MGD-ADD 1.00 $ 1.05 $ 1,050,000 
Instrumentation & 
Controls 

 
L.S. 

 
1 

 
$ 150,000 

 
$ 150,000 

Total Construction Cost $ 3,207,000 
 

Contingency 
% of 
Const. 

 
15% 

 
$ 481,050 

 
$ 481,050 

Engineering Planning, 
Design and Permitting 

% of 
Const. 

 
12% 

 
$ 442,566 

 
$ 442,566 

Total Budget $ 4,130,616 

 
4.3.1.4 Selected Pretreatment Alternative 
 
The three treatment alternatives considered for the Utility’s WTP are each projected to remove 
the emerging contaminants to an acceptable level for UCMR regulatory compliance. The 
recommendations have been based on the ability to achieve treatment compliance for the Utility 
as well as capital expense and operational expense. After reviewing these categories for each 
alternative, this section provides a discussion of the treatment alternative selection that is 
recommend for short-term solution for the City’s Utility. 

 
Treatment 
Alternative 

Capital Cost Annual Operating Cost 20-Year NPV: Capital and 
Operating Cost 

Ion Exchange $1,184,960 $67,069 $2,526,335 

GAC $1,120,560 $111,143 $3,343,410 

Membranes $4,130,616 $57,488 $5,280,366 

Martin County 
Utilities 

$N/A $394,200 $7,884,000 
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Based on the combination of capital and operating costs, it is recommended that the Utility pursue 
ion exchange (IX) treatment alternative for this facility. Although the GAC treatment alternative 
provides the lowest initial capital cost for the three alternatives, the operating costs for IX clearly 
provide a more rapid return on investment as compared to GAC. The net return on investment 
shows IX is the most cost-effective treatment alternative beyond 1 – 2 years of operation. 

Additionally, IX provides the necessary treatment capabilities to effectively remove the emerging 
contaminants from the raw water supply coupled with flexibility to increase removal through 
increasing the media regeneration frequency. The annual operating expenses are slightly more than 
the membrane treatment alternative however, the capital cost differential doesn’t support the 
short-term or even long-term (20-years) application of membrane treatment. As shown in the 
capital and operating costs figure, GAC provides the second most cost-effective solution for the 
City’s treatment. Since this option will most likely be a short-term solution to the City’s demand, 
buying water from Martin County Utilities is the most cost effective short-term solution (3 years +/-
) even though the operating costs are much higher than one of the treatment options. The long-
term economic differential is graphically depicted in the figure below. 
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Depending on the water source selected for the long-term supply for the City’s 
potable water, the IX treatment alternative may be used for full treatment or in 
conjunction with another treatment alternative to achieve regulatory 
compliance and water quality preferences set by the City. Further analysis and 
testing may be completed to confirm the treatment alternatives necessary for 
long-term future water supplies, however, at the time of the completion of this 
report, IX is the best available technology for removing PFC’s from this raw water 
and appears it will remain the most effective treatment method removing PFC’s 
down to low non-detect levels. 

  
4.4 Alternative Water Supply 

4.4.1 Alternative #1: Replace the existing lime softening plant with nanofiltration 
treatment and add Floridan Aquifer wells and reverse osmosis treatment. 

This alternative evaluated the use of the existing surficial aquifer wellfield with 
nanofiltration treatment replacing the existing lime softening plant along with a 
Floridan aquifer water supply and RO treatment.  Nanofiltration was chosen as 
an alternative treatment method appropriate for treating the surficial aquifer 
water supply.   The TDS concentration for the Floridan Aquifer Upper Permeable 
Zone is expected to be between 3,000 – 5,000 mg/L. It is expected that the TDS 
concentrations will increase to approximately 6,000 mg/L after 50 years of 
pumping. The proper technology to treat water of this characteristics is Reverse 
Osmosis (RO).  However, for this alternative, the existing WTP does not have 
sufficient site space to construct nanofiltration treatment along with RO 
treatment. Consequently, the City would have to repurpose the soccer field at 
the 10th Street / Guy Davis Sports Complex to provide sufficient land to construct 
the membrane treatment facility and its ancillary facilities (i.e., backup power, 
degasifiers, odor control, fuel storage, chemical facilities, electrical building, etc.). 
City staff indicated that repurposing the soccer field at the 10th Street / Guy Davis 
Sports Complex is not feasible. Hence, it is recommended that this alternative is 
not feasible and hence was rejected. 

4.4.2 Alternative #2:  Continue the operation of the existing lime softening plant and 
add Floridan Aquifer wells (completed in the Upper Floridan Upper Permeable 
Zone (UPZ)) and reverse osmosis treatment. 

 Under this alternative the existing lime softening plant would continue to treat 
the surficial aquifer supply and Floridan Aquifer wells and reverse osmosis 
treatment would be added as an alternative water supply. The Floridan Aquifer 
wells would supply water from the UPZ.  The proposed RO treatment facilities 
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would be constructed on the existing WTP site. There appears to be sufficient site 
space exists to support the RO treatment facility and its ancillary facilities. Hence, 
this alternative is deemed feasible from a space planning perspective.   

Ground water modeling prepared by Grandusky, Lamb and Associates, Inc. 
indicates that TDS may rise from approximately 4,000 mg/L to approximately 
5,000 mg/L in the UPZ over the next 20 years. Additionally, GLA indicated that 
TDS may rise from 6,000 mg/L to approximately 14,000 mg/L in the APPZ over the 
next 20 years.   

The large TDS increase forecasted for the APPZ would require that the proposed 
electrical equipment, motors, pumps, conductors, etc. to be oversized to 
accommodate the expected future degradation in water quality. This would 
increase the construction cost of the proposed alternative water supply facility 
designed for the APPZ (Alternative 4.4.3 noted below) relative to an alternative 
water supply facility designed for the UPZ (this alternative, 4.4.2). Hence, this 
alternative is the most feasible and is recommended. 

4.4.3 Alternative #3:  Continue the operation of the existing lime softening plant and 
add Floridan Aquifer wells (completed in the Upper Floridan Avon Park 
Permeable Zone (APPZ)) and reverse osmosis treatment. 

Under this alternative the existing lime softening plant would continue to treat 
the surficial aquifer supply and Floridan Aquifer wells and reverse osmosis 
treatment would be added as an alternative water supply. The Floridan Aquifer 
wells would supply water from the APPZ.   The proposed RO treatment facilities 
would be constructed on the existing WTP site. There appears to be sufficient site 
space to support the RO treatment facility and its ancillary facilities. Hence, 
although this alternative is deemed feasible from a space planning perspective, 
given the large TDS increase forecast for the APPZ, this alternative is not 
recommended. 

4.4.4 Alternative #4:  Continue the operation of the existing lime softening plant and 
add Floridan Aquifer wells (completed in the Lower Floridan Aquifer (LFA) 
Uppermost Permeable Zone) and reverse osmosis treatment. 

Under this alternative the existing lime softening plant would continue to treat 
the surficial aquifer supply and Floridan Aquifer wells and reverse osmosis 
treatment would be added as an alternative water supply. The Floridan Aquifer 
wells would supply water from the Lower Floridan Uppermost Permeable Zone.  
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The LFA has much higher operating cost, higher construction cost, and lower 
water quality relative to the UPZ and APPZ. Therefore, this alternative is discarded 
as it is not economically feasible. 

4.5 Monterey Subdivision Water Main Installation 

4.5.1 Alternative #1: No action 

Under this alternative, all of the 146 residences will continue to have their water supply 
from their existing private wells systems.  As this does not provide any treatment to the 
existing wells, and therefore does not remove any PFC contaminants, this alternative is 
not viable and hence was rejected. 

4.5.2 Alternative #2:  Construct Filtration Systems on Individual Wells 

This alternative involves installing a filtration system at each of the 146 residences to 
provide treatment and removal of the PFC compounds.  This would require the filtration 
systems to be installed and maintained on private property.  Since these systems would 
be installed on private property, they would become the responsibility of the landowners 
to operate and maintain and not the City’s, which is not feasible.  Therefore, this 
alternative was not recommended or selected.  

4.5.3 Alternative #3:  Construct a water distribution system and connect to the City’s 
system 

This alternative involves installing a water distribution system within the project area and 
connecting each of the residences to the public water system and disconnecting their 
contaminated private wells for potable water usage.  The mains would be constructed of 
6-inch polyvinyl chloride (PVC).  In addition, to connecting the homes to the public water 
system and disconnecting the contaminated private wells, fire protection for this 
community would also be provided with the addition of new fire hydrants through the 
project area.  The route of the proposed water mains will be in the public right-of-way 
and will not involve any land acquisition or easements.  The only approvals to obtain are 
for the current landowners in order to construct the water main services on the existing 
properties and disconnect the existing wells.  There are no adverse environmental 
impacts expected as a result of the implementation of this alternative.  This alternative 
was selected.  
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Chapter 5.0 - Selected Project 

5.1 Description of Proposed Facilities 

The planned improvements for the City of Stuart’s pretreatment system, Monterey 
Subdivision water main improvements, and alternative water supply project is proposed 
to be constructed in multiple phases from 2018 through 2032.  The flowchart below 
depicts the timeline and improvements under each Phase. 

 

  

5.1.1 Ion Exchange Pretreatment 
System 

The ion exchange (IX) 
pretreatment system will consist 
of modifications/replacement of 
the existing influent booster 
pumps, bag filters and four ion 
exchange vessels loaded with 
resin that has been selected to 
remove PFCs. The IX system is 
designed to treat up to 4 MGD, 
and will treat raw water and will 

Phase 1 - 2018 - Pretreatment 
System

Phase 1A - 2020- Monterey 
Subdivision Water Main 

Improvements

•Phase 2A - Well FA-1 & Convert Injection Well to Tubing 
& Packer WEll

•Phase 2B - Wellhead, Raw Water Pipeline, and 
Concentrate Pipeline

•Phase 2C - 1 MGD Reverse Osmosis Treatment Plant

Phase 2 - 2022- Well FA-1 & 1 
MGD Reverse Osmosis 

Treatment Facility (RO Train 1)

Phase 3 - 2027 - Well FA-2 & 1 
MGD RO Train (RO Train 2)

Phase 4 - 2032 - Well FA-2  & 1 
MGD RO Train (RO Train 3)

Ion Exchange Pretreatment Units  
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act as a pretreatment system to the VOC towers, which is also a pretreatment to the 
existing lime softening and filtration system.  The existing raw water booster pumps will 
be modified to divert all, or partial (4 MGD) raw water stream to the IX system prior to 
entering the VOC towers which are used for stripping volatile organic compounds.  The 
raw water booster pumps currently act as in-line booster pumps driven by variable speed 
VFD’s, and maintain a constant suction pressure on the raw water manifold.  All the supply 
well raw water is pumped through the VOC towers.  Bag filters (10 – 50 micron size) 
upstream of the IX vessels will remove suspended material from the raw water to prevent 
blinding of the IX resin.  The IX vessels (4) will be piped to allow parallel (4) or series (2) 
raw water feed.  Initial loading of 4 different resins will operate in parallel, then once the 
best performing resin is selected, replace all of the resins, and place them in lead/lag 
series operation.  Each vessel is rated for 2 MGD, allowing up to 6 MGD of treatment with 
one out of service in parallel mode, or 4 MGD with 2 in lead/lag series mode.   

A copy of the final design plans for the pretreatment system are shown on the following 
pages that provide the location and schematic of the proposed improvements at the 
water treatment facility. 

5.1.2 Reverse Osmosis Treatment Alternative Water Supply  

The detailed descriptions of the proposed improvements as part of the alternative water 
supply project are contained in the “City of Stuart- Alternative Water Supply Technical 
Memorandum No. 5, 6, and 7 AWS Conceptual Design” included under Appendix F. The 
project is scheduled to be implemented in three phases (Phase 2, Phase 3, and Phase 4) 
constructed over a ten-year period.  Phase 2 of the project will provide a reverse osmosis 
treatment capacity of 1.0-mgd and will be bid in three separate sub-phases (Phase 2A, 2B, 
and 2C) and bid packages.  The conceptual implementation plan is to bid and construct 
Phase 2A first.  Phase 2B will be bid and constructed approximately five months after 
Phase 2A.  Phase 2C will be bid and constructed approximately a year and four months 
after Phase 2B.  An overview of the proposed improvements for the Phase 2 
improvements include the following: 

1. The Upper Permeable Zone (UPZ) of the Upper Floridan Aquifer is recommended 
for the AWS. 

2. Three UPZ wells with a capacity of 1.43 million gallons per day (mgd) each are 
recommended. Each well is sized to provide raw water to one reverse osmosis (RO) 
membrane train.  

3. It is recommended that the membrane treatment plant be constructed on the 
WTP site. Additionally, it is recommended that the membrane building be sized to house 
three RO membrane trains. Each membrane train would have a finished water capacity 
of 1.0 mgd. 
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4. It is recommended that the three wells and RO trains be constructed in phases as 
follows:   

• Phase 2: Well FA-1 and RO Train 1 in the year 2022 
• Phase 3: Well FA-2 and RO Train 2 in the year 2027 
• Phase 4: Well FA-3 and RO Train 3 in the year 2032 

5. It is recommended that disposal of RO concentrate (brine) be achieved by the 
following: 

• Convert existing Water Reclamation Facility injection well IW-2 into a 
tubing and packer well. 

• Alternate disposal method during mechanical integrity testing would be 
to remove the RO Facility from service and meet the balance of water 
demand by increasing the output of the lime softening WTP. This 
operating strategy would likely only need to be implemented once every 
five years for a one-week duration. 

• The City could also purchase finished water from Martin County to meet 
demand during the timeframe that the RO facility is shut down during 
mechanical integrity testing. 
 

5.1.2.1 Floridan Aquifer Supply (FAS) Wells 
 
A variety of factors were used to assess the viability of a site for the construction of a 
water production well. These factors included if the property is owned by the City, the 
zoning for the site, the method of water disposal during construction, the likelihood of 
public opposition to the construction, the jurisdiction responsible for permitting the site, 
and many others. The City indicated that the athletic field west of the City’s WTP is owned 
by the City of Stuart. Construction of FAS wells on this site is feasible. A total of three 
Florida Aquifer Supply Wells each with a capacity of 1.5 mgd are proposed through Phase 
4.  Phase 2 will include the construction of one well, FA-1.  Figure 5-1 illustrates the 
proposed FAS well locations. 
 
Table 5-1 presents certain location data for the proposed FAS wells. 
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Figure 5-1: Proposed Floridan Aquifer System Well Location Map 



 

74 
 

 

 
 
 
 
   
 
 
 
 
 
Maximizing well separation distance is recommended to minimize drawdown interactions 
between wells, potentially accelerating water quality degradation due to “up-coning” 
(i.e., the upward movement of water from lower depths). 

Key wellfield components would be designed based on the following: 

• Piping: Raw water transmission main will be High Density Polyethylene (HDPE). 

• Pump:  Submersible style pumps allow a lesser amount of dissolved oxygen from 
entering the pipe network than do surface mounted (i.e., turbine pumps with 
extended shaft and the motor mounted above grade) pumping equipment. 
Minimizing the entrance of dissolved oxygen into the pipe network is an important 
design goal. Therefore, submersible style pumps are recommended.  

• Wellhead: Wellhead piping would be 316L stainless steel. Each well would be 
equipped with surge relief, a flushing connection for periodic sand removal and 
chemical injection connections for well disinfection.  

• Telemetry: City staff requested that telemetry between the proposed wells and 
the WTP be fiber optic cable. This approach is feasible. 

• Controls: The well pump will be controlled locally through the pump Local Control 
Panel (LCP). Each well would be equipped with a programmable logic control and 
be controllable remotely at the WTP.  

Figure 5-2 illustrates a conceptual cross section of the wellhead. 
 

 

 

 

 

Table 5-1: Proposed FAS Well Location Data 

Parameter FA-1 FA-2 FA-3 

Latitude 27°11'18.21"N 27°11'23.84"N 27°11'12.66"N 

Longitude 80°14'13.39"W 80°14'25.21"W 80°14'27.26"W 

Pump Capacity 1.5 mgd 1.5 mgd 1.5 mgd 

Separation Distance 
from Nearest FAS Well ≈ 1,180 feet ≈ 1,180 feet ≈ 1,150 feet 

Year On-Line 2021 2026 2031 
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5.1.2.2 Reverse Osmosis (RO) Treatment –Phase 2 of the design will include one RO train with a 

capacity of 1.0-mgd in a two-stage membrane configuration.  Phase 3 and Phase 4 will 
each add an additional 1.0-mgd RO treatment train.   

Figure 5-3 shows the conceptual process flow diagram and Figure 5-4 shows a conceptual 
site plan illustrating the location of the major RO system components on the existing WTP 
site. There appears to be sufficient space at the existing WTP to accommodate the 
proposed RO facilities. It is noted that construction at the site will be highly difficult due 
to the limited land availability. Furthermore, the construction will be disruptive to 
ongoing operation of the existing WTP. These challenges can be overcome with carefully 
prepared design documents.  

Blended (i.e., RO permeate and lime softened water) finished water quality will meet all 
federal and state primary and secondary drinking water quality standards, health 
advisory levels, and the City of Stuart aesthetic levels for hardness. Key finished water 
quality goals are summarized in the table below. 

 

 

 

 

 

 

Parameter Units Value 
Hardness mg/L as CaCO3 60 – 80  
Alkalinity mg/L as CaCO3 >50 
pH -- 7.0 – 8.5 
Color CU <6 
Chlorides mg/L < 100 
Sodium mg/L < 60 
Note. Water quality values are based on a blend of approximately 25% RO degasified permeate and 
75% lime softened water. 

Figure 5-2: Conceptual Floridan Aquifer Wellhead Cross Section 
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Figure 5-3: RO System Process Flow Diagram 
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Figure 5-4: RO Conceptual Site Plan 
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The final composition of the blended finished water would be defined during detailed 
design. 

Pretreatment System 

Prior to RO treatment, raw water needs to be pre-treated to remove particles to protect 
the membranes and minimize scaling and fouling potential. Pretreatment will consist of 
the following: 

• Hydrocyclone Sand Separators 
• Chemical Pretreatment 
• Cartridge Filters 

These pretreatment components are described below. 

Hydrocyclone Sand Separators  

The use of sand cyclone separators is proposed as the first barrier for protecting the RO 
membranes by removing sand and silt that is occasionally produced. RO membranes are 
excellent for the removal of dissolved solids; however, they can be easily plugged by sand 
or silt. Therefore, sand separators will be installed to minimize potential fouling of the RO 
membrane surfaces due to particulates (i.e. sand) in the feed water. The conceptual 
design criteria are summarized in Table 5-2. 

Table 5-2: Sand Cyclone Separators Conceptual Design Criteria 

Description Unit Criteria (Phase 2) 

Number of Units -- One (1) Duty 
One (1) Standby 

Flow per Unit gpm 
mgd 

2,014 
2.90 

Chemical Pretreatment  

Chemical pretreatment is required to control the formation of scale on the membrane 
surfaces, which will aid in maintaining the operational effectiveness and life of the 
membranes. The chemicals required for conditioning of the raw water upstream of the 
cartridge filters are sulfuric acid and scale inhibitor. Sulfuric acid is used to lower the feed 
water pH which reduces the membrane scaling potential. In addition, the addition of 
sulfuric acid inhibits oxidation of soluble iron. 

Scale inhibitor is provided to condition the feed raw water and assist with the prevention 
of precipitation of sparingly soluble salts and silica. As the feed water becomes more 
concentrated, the saturation limit of soluble salts may be surpassed, and precipitation 
may occur on the RO membranes (scaling). Scale formation results in increased operating 
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costs (i.e., higher pumping pressure and increased chemical cleaning) and potentially 
increased salt passage. Scale inhibitors act to complex dissolved ions and increase the 
saturation limit of the salts. Selection of the correct scale inhibitor for a giving application 
is important.  

The sulfuric acid system will include a bulk storage tank within a containment area while 
the scale inhibitor system will use totes rather than a bulk storage tank. Both systems will 
be equipped with day tanks, transfer pumps, metering pumps, and controls. The following 
general design criteria is used for sizing of chemical system components.   

1. Bulk storage tanks will be sized to store a chemical volume that is contain 1.5 times a 
truck load or at least 30 days of average chemical usage, whichever is greater.   

2. Day tanks shall provide 24-30 hours of chemical supply based upon the maximum 
design feed rate.  

3. The firm pumping capacity of metering pumps (largest pump out of service) shall have 
sufficient capacity to provide the maximum design chemical dosage at the maximum 
flow.  

4. Containment areas around the tanks will be provided. The containment areas will be 
sizes to contain the volume of one full bulk storage tank.  

Sulfuric acid and scale inhibitor conceptual design criteria is summarized in Table 5-3 and 
5-4. 

          Table 5-3: Sulfuric Acid Conceptual Design Criteria 

Description Unit Criteria (Phase 2) 

Concentration % 98 

Specific Gravity  1.84 

Solution Weight lb/gal 15.05 

Feed Location -- Upstream of Cartridge Filters 

Chemical Dose mg/L 60 – 70 (1) 

Bulk Storage Tank 
     Number 
     Storage Capacity 
     Min. Storage Time      

 
-- 

gal 
day 

 
1 

5,250 
30 

Day Tank 
     Number 
     Storage Time 

 
-- 
hr 

 
1 

24 - 30 
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Description Unit Criteria (Phase 2) 

Metering Pumps 
    Number 
    Type 
     
    Feed Rate 

 
-- 
-- 
 

gph 

 
1 

Mechanic/Hydraulic 
Diaphragm 
2.0 – 2.5 

Materials 
    Tanks 
     Piping 

-- 
 

Carbon Steel 
Alloy 20 

Notes. 
(1) Chemical dose was calculated based on a target pH of 6.0 and 

preliminary membrane performance projections. Chemical dose will 
need to be confirmed and adjusted based on specific raw water quality 
characteristics. 

 

 

Table 5-4:   Scale Inhibitor Conceptual Design Criteria 

Description Unit Criteria (Phase 2) 

Concentration % 100 

Specific Gravity -- 1.00 

Solution Weight lb/gal 8.33 

Feed Location -- Upstream of Cartridge Filters 

Chemical Dose mg/L 2- 5 (1) 

Storage Totes 
     Number 
     Storage Capacity 
     Min. Storage Time      

 
-- 

gal 
day 

 
2 

275 
30 

Day Tank 
     Number 
     Storage Time 

 
-- 
hr 

 
1 

24 - 30 
Metering Pumps 
    Number 
    Type 
    Feed Rate 

 
-- 
-- 

gph 

 
1 

Solenoid 
0.1 – 0.3 

Materials 
    Tanks 
     Piping 

-- 
 

Per manufacturer 
Polyvinyl Chloride (PVC) 

Notes. 
(1) Selection of scale inhibitor and dose will vary based on specific raw 

water quality characteristics and goals.  
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Cartridge Filters 

In addition to chemical conditioning, the conditioned feed water will be filtered by 5-
micron nominal pore size cartridge filters immediately before the first stage membrane 
feed pumps. Cartridge filters will provide additional protection by removing fine silt 
particles. Cartridge filters provides low cost protection for the more expensive 
downstream membrane system. Phase 1 will include two cartridge filters, one duty and 
one standby. Each cartridge filter will be sized for the treatment capacity of the RO skid. 
Conceptual design criteria are summarized in Table 5-5. 

   Table 5-5: Cartridge Filters Conceptual Design Criteria 

Description Unit Criteria (Phase 2) 

Number of Units -- One (1) Duty 
One (1) Standby 

Vessel Orientation -- Horizontal 

Cartridge Rating micron 5 

Cartridge Loading Rate per 10 inch 
     Average Loading Rate 
     Maximum Loading Rate 

 
gpm/LF 
gpm/LF 

 
4 
6 

Flow per Vessel (@ RO 70% recovery) gpm 
mgd 

992 
1.43 

Cartridge Housing Material -- 316 stainless steel 

Membrane System Bypass Valve 

It is common industry practice when starting a RO plant to bypass the initial flow of raw 
water to waste prior to starting a RO train. There are several reasons for doing this. The 
initial flow of raw water is usually more turbid than normal because of oxidation of 
constituents such as hydrogen sulfide or biological activity that may have occurred while 
the system was idle. Chemical pretreatment systems, especially pH adjustment, need 
time to stabilize chemical dosages and pH. Time may also be needed to start the required 
number of well pumps and accommodate well startup protocols such as initial blowoffs. 
Startup bypass flow is continued until parameters such as turbidity, pH, oxidation 
reduction potential (ORP), flow and pressure are in acceptable ranges. Target bypass flow 
is usually approximately the same as the feed flow to one RO train so that transition to 
production is relatively “bumpless”. 

A startup bypass valve is generally opened sufficiently to obtain the target flow, which is 
diverted to the concentrate disposal system. The “by-pass flow” is often greater than the 
maximum concentrate flow during operation. Consequently, the concentrate pipeline 
and other components must be sized to accommodate this short-term “by-pass flow”. 
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Alternatively, bypass flow can be directed to a detention basin. At the end of the bypass 
cycle, water is admitted to the initial RO train as the bypass valve slowly closes and the 
RO feed pump speed ramps up. It is generally not necessary to bypass water when 
subsequent RO trains are started. In the event of abnormal operating conditions such as 
power failure or raw water high pressure, the bypass valve would go to a fully open 
position. For this reason, it is preferable that the bypass valve actuator can open the valve 
without electrical power. 

First Stage Feed Pumping 

One dedicated RO feed pump will be provided per train. The purpose of the first stage 
feed pumps is to increase the pressure of the feed water to overcome the osmotic 
pressure, fouling, and total head losses in the system. The conceptual design criteria are 
summarized in Table 5-6. 

Table 5-6: First Stage Feed Pump Conceptual Design Criteria 

Description Unit 
Criteria (Phase 2) 

UPZ APPZ 

Number of Units -- One dedicated per train 

Feed Flow (1) gpm 
mgd 

992 
1.43 

992 
1.43 

Feed Pressure  ft 430 - 480 480 - 850 

Motor HP 200 300 

Pump Control -- VFD VFD 

Materials of Construction 
(wetted parts) -- 316 Stainless Steel 

 

It is recommended that the detailed design proceed assuming that the AWS will be from 
the UPZ.  

Second Stage (Interstage) Boost Pumps 

Second stage or interstage boost pumps will be driven by energy recovery devices. Energy 
recovery devices recover pressure from the membrane concentrate and this energy is 
transferred to boost the driving pressure to the second stage. In addition to providing 
power savings, second stage booster helps balance the flux between the first and second 
stage while providing the necessary energy for proper second stage operation. A 
summary of the conceptual design criteria is summarized in Table 5-7. 
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Table 5-7: Second Stage Feed Pump Conceptual Design Criteria 

Description Unit 
Criteria (Phase 2) 

UPZ APPZ 

Number of Units -- One dedicated per train 

Feed Flow (1) gpm 
mgd 

495 
0.71 

495 
0.71 

Boost Pressure  ft 185 185 

It is recommended that the detailed design proceed assuming that the AWS will be from 
the UPZ.  

Reverse Osmosis Membrane Trains 

Phase 1 construction of the RO facility will have a permeate production capacity of 1.0 
mgd with provisions to accommodate future expansion to 3.0 mgd permeate. Therefore, 
the initial phase of the design will include one RO train with a capacity of 1.0 mgd in a 
two-stage membrane configuration. Table 5-8 summarizes the design criteria. Membrane 
trains will be provided as skid mounted units by a membrane manufacturer.  

 

Table 5-8: RO Membrane Train Conceptual Design Criteria 

Description Unit 
Criteria (Phase 2) 

UPZ APPZ 

Number of Units -- One train 

Feed Flow  mgd 1.43 1.43 

Permeate Flow  mgd 1.00 1.00 

Concentrate Flow mgd 0.43 0.43 

Number of Stages per Train -- 2 2 

Average Flux (1) gfd 11.6 11.6 

Number of Elements per Train -- 196 196 

Permeate Recovery % 70 70 

Feed Pressure psi 185 - 205 210 - 370 

Booster Pressure psi 80 80 

Permeate TDS mg/L 65 – 90  50 – 380  

Permeate Chlorides mg/L 35 – 50  30 – 230  
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Table 5-8: RO Membrane Train Conceptual Design Criteria 

Description Unit 
Criteria (Phase 2) 

UPZ APPZ 
Notes. 

(1) Flux and pressures vary based on raw water quality as well as total membrane 
available area (number of elements).  

 

It is recommended that the RO membrane train detailed design proceed assuming that 
the AWS will be from the UPZ.  

Membrane Clean-in-Place 

RO membranes are susceptible to scaling and fouling during operation, which impacts 
membrane performance by increasing pressure loss, reduction in permeate flow, and 
impacts on permeate water quality. Chemical cleanings are necessary to remove foulants 
and scale. The major components of the clean-in-place system include: 

• Chemical tanks with immersion heaters and mixers 
• Cartridge filter  
• Transfer pump 
• Cleaning pump 

Degasification and Odor Control 

Degasification is provided to condition the permeate water by removing hydrogen sulfide, 
carbon dioxide, and other dissolved gasses. Since the raw water entering the plant has 
hydrogen sulfide concentrations that could cause odor-control issues and since the WTP 
is located near residential neighborhoods, the proposed system will be equipped with air 
quality control scrubbers. The proposed degasifier and scrubber systems will be located 
downstream of the membrane treatment process. Table 5-9 presents the conceptual 
design criteria.  

Table 5-9: Degasifiers and Odor Control Scrubbers Conceptual Design Criteria 

Description Unit Criteria (Phase 2) 

Degasifiers   

Number of Units -- One (1) Duty 
One (1) Standby 

Hydrogen Sulfide Concentration mg/L 2.0 – 2.5 

Permeate Flow per Degasifier mgd 2.0 
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Table 5-9: Degasifiers and Odor Control Scrubbers Conceptual Design Criteria 

Description Unit Criteria (Phase 2) 

Gas Removal Efficiency % 95 – 98% 

Tower Diameter ft 9.0 

Tower Overall Height ft 26 

Number of Blowers -- One (1) Duty 
One (1) Standby 

Odor Control Scrubbers   

Number of Units -- One (1) Duty 
One (1) Standby 

Number of Stages -- 2 

Min. Removal Efficiency % 99 

Chemical Post-treatment 

Chemical such as sodium hydroxide, carbon dioxide, and/or hydrated lime will be used to 
increase the pH level of the permeate water, adding alkalinity, and achieve a more stable 
and less corrosive finished water. These chemicals will be added to the RO permeate after 
the degasification process to increase the pH and alkalinity.  Conceptual design criteria 
are summarized in Table 5-10. 
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Table 5-10: Post-Treatment Chemicals Conceptual Design Criteria 

Description Unit Criteria (Phase 2) 

Sodium Hydroxide   

Concentration % 50 

Specific Gravity -- 1.53 

Solution Weight lb/gal 12.76 

Feed Location -- Downstream of 
Degasification 

Chemical Dose mg/L 30 – 50 (1) 

Bulk Storage Tank 
     Number 
     Storage Capacity 
     Min. Storage Time      

 
-- 

gal 
day 

 
1 

6,000 
30 

Day Tank 
     Number 
     Storage Time 

 
-- 
hr 

 
1 

24 - 30 
Metering Pumps 
    Number 
    Type 
     
    Feed Rate 

 
-- 
-- 
 

gph 

 
1 

Mechanic/Hydraulic 
Diaphragm 
1.2 – 2.5 

Materials 
    Tanks 
     Piping 

-- 
 

Carbon Steel 
CPVC 

Carbon Dioxide   

Concentration % 100 

Specific Gravity (2) -- 1.52 

Feed Location -- Downstream of 
Degasification 

Chemical Dose mg/L 25 – 30 (1) 

Bulk Storage Tank 
     Number 
     Storage Capacity 
     Min. Storage Time      

 
-- 

gal 
day 

 
1 

2,000 
30 

Corrosion Inhibitor   

Concentration % 32 - 36 

Specific Gravity -- 1.03 

Solution Weight lb/gal 11.10 

Feed Location -- Downstream of 
Degasification 

Chemical Dose mg/L 1 - 5 (1) 

Storage Totes 
     Number 
     Storage Capacity 
     Min. Storage Time      

 
-- 

gal 
day 

 
2 

275 
30 
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In addition, corrosion inhibitor will be added to reduce the corrosion potential in the 
distribution system. This chemical will also be added after degasification and prior to 
blending with lime softened water. Table 5-10 provides a summary of corrosion inhibitor 
feed and storage system.  

Degasifier Clearwell and Transfer Pumps 

A clearwell will collect the degasified permeate. It is assumed that the RO permeate will 
be conveyed to the existing filter clearwell and blended with the lime softened water. 
Other blending options exist and will be evaluated during detailed design. If blending in 
the existing filter clearwell is selected during detailed design, the transfer pumps may not 
be needed. Hydraulic analysis during detailed design would determine if the proposed 
transfer pumps are needed.  

Backup Power Supply 

It is recommended that backup emergency power be supplied to the proposed RO 
membrane facility via a new stand-alone diesel engine generator with enclosure and belly 
tank located on a slab on-grade. The generator would be within a weatherproof sound 
attenuating enclosure with a belly tank below the enclosure. Personnel access stairs / 
platforms would be designed on both sides of the enclosure sub-base tank. Conceptual 
design criteria for the proposed diesel engine generator is summarized in Table 5-11. 

Day Tank 
     Number 
     Storage Time 

 
-- 
hr 

 
1 

24 - 30 
Metering Pumps 
    Number 
    Type 
     
Feed Rate 

 
-- 
-- 
 

gph 

 
1 

Mechanic/Hydraulic 
Diaphragm 
0.03 – 0.16 

Materials 
    Tanks 
     Piping 

-- 
 

Per manufacturer 
PVC 

Notes: 
(1) Chemical dose will vary based on specific raw water quality characteristics, permeate 

water quality and finished water quality goals. 
(2) Gas specific gravity relative to air. 
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Table 5-11: Emergency Diesel Engine Generator Design Criteria 

 

 

 

 

 

 

 

RO Treatment Facility Conceptual Layouts 

The Phase 2 conceptual layout is for the construction of a 1.0 mgd RO treatment facility 
and the details are described on the following pages.  The future Phase 3 and 4 which 
will each add an additional 1.0 mgd treatment train and will require the following: 
 

Phase 3 RO Addition (1.0 mgd RO train) 

1. Pre-treatment: One (1) additional cartridge filter  
2. One (1) additional RO train feed pump and interstage booster pump 

Phase 3 RO Addition (1.0 mgd RO train) 

1. Pre-treatment:  
i. One (1) additional sand cyclone separator  

ii. One (1) additional cartridge filters  
iii. One (1) additional chemical metering pump for sulfuric acid  
iv. One (1) additional chemical metering pump for scale inhibitor  

2. One (1) additional RO train feed pump and interstage booster pump 
3. Post-treatment: 

i. One (1) additional degasifier and odor control scrubber  
ii. One (1) additional chemical metering pump for sodium hydroxide 

iii. One (1) additional chemical metering pump for corrosion inhibitor 
iv. One (1) additional transfer pump at degasifier clearwell 

4. One (1) additional concentrate pump 

Description Criteria (Phase 2) 

EPA Emission Standard Tier 4 

Estimated Maximum Running Load  500 kW / 570 kVA 

Generator Size 750 kW 

RPM / Voltage 1,800 rpm / 480 volts 

Cooling Type Air Cooled Radiator 

Fuel Type Diesel 

Enclosure Type Sound Attenuated 
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Pretreatment – Sand Cyclone Separators 

Conceptual layout of the sand cyclone separator pretreatment system is shown Figure 5-
5. This layout includes the installation of two units to provide full redundancy. Space and 
provisions for the installation of a third unit will be provided.  

RO Membrane Building 

Figures 5-6A, B, and C shows the conceptual layout of the RO membrane building. The 
building will be a pre-engineered metal building housing the RO trains, cartridge filters, 
feed pumps, clean-in-place system, and electrical room. The building footprint is sized to 
allow phased expansion to three membrane trains (build-out condition), additional 
cartridge filters, and feed pumps. 

Post-Treatment Facilities 

The degasifier structure will be sized to accommodate the installation of two degasifiers 
and associated odor control scrubbers to provide full system redundancy. In addition, two 
vertical turbine transfer pumps will be installed on this structure with provisions for the 
addition of a future pump to meet build out conditions. The structure will be an elevated 
structure to allow the clearwell to be directly under the degasifier units. Additional space 
under this elevated structure will be used to house post-treatment chemicals. Figures 5-
7-A, B, C and D show the conceptual layout of the post-treatment structure.  
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Figure 5-5: Sand Cyclone Separators Conceptual Illustration 



 

91 
 

 
  

Figure 5-6A: Membrane Building Conceptual Plan 
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Figure 5-6B: Membrane Building Conceptual Exterior View 
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Figure 5-6C: Membrane Building Conceptual Interior View 
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Figure 5-7A: Post-treatment Facilities Conceptual Layout – Upper Plan 
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Figure 5-7B: Post-treatment Facilities Conceptual Layout – Lower Plan 
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Figure 5-7C: Post-treatment Facilities Conceptual Layout – Section 
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Figure 5-7D: Post-treatment Facilities Conceptual Layout – Isometric 
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Chemical Feed and Storage Facilities 

The proposed RO system requires storage of the following chemicals: 

1. Sulfuric Acid 
2. Scale Inhibitor 
3. Sodium Hydroxide 
4. Corrosion Inhibitor 
5. Carbon Dioxide 

Figure 5-8 illustrates the proposed sulfuric acid and scale inhibitor storage and feed 
building. The sodium hydroxide and corrosion inhibitor will be stored in the space 
available under the odor control scrubbers (post-treatment elevated structure), as 
shown in Figures 5-7B. Carbon dioxide storage and feed equipment is illustrated in 
Figure 5-9. 
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Figure 5-8: Pretreatment Chemical Building Conceptual Layout 
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Figure 5-9: Carbon Dioxide Conceptual Layout 
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Backup Power Supply 

The proposed backup emergency power consists of a stand-alone diesel engine generator 
with enclosure and belly tank located on a slab on-grade. Typical layout of a backup power 
supply is shown in Figure 5-10.  

 

 
 

Figure 5-10: Backup Power Generator Typical Layout 
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5.1.2.3 Concentrate Disposal  

 
The existing deep injection well at the water reclamation facility (WRF) will be converted to 
a tubing and packer well to allow it to receive RO concentrate under FDEP regulations.  This 
will also require a 600 gpm concentrate pump station (estimated $500,000 for the 
construction of the concentrate pump station) and 10-inch pipeline to convey the RO 
concentrate from the RO facility to the existing (WRF) for disposal via the injection well.  
Figure 5-11 shows the preliminary pipe route for the proposed concentrate pipeline. 
Additionally, the concentrate pipeline would convey the raw water from the RO facility 
during bypass-startup.  A surge analysis will be performed during the detailed design for the 
project.  If determined to be needed, a surge tank or other surge prevention system will be 
designed. 

 

 
 
 

 

 

 

 

Figure 5-11:  Concentrate Pipeline Conceptual Routing Plan 
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5.1.3 Monterey Subdivision Water Main Improvements 

The design plans for the proposed water main improvements are shown on the following 
pages.  These plans show the location and size of the proposed water mains and services, 
as well as the location of the newly proposed fire hydrants.  

5.2 Environmental Impacts of Proposed Facilities 

For both the water treatment facility improvements as well as the concentrate pipeline 
and Monterey Subdivision water main improvements, the short-term impacts during 
construction include increased noise levels, increased airborne particulates and surface 
run-off during rainfall on the site.  Control measures will be implemented to minimize 
these temporary effects.  The long-term impacts of the project are beneficial.  The City 
will have a sustainable water supply for the current and future demands of the City and 
the residents within the Monterey Subdivision will be connected to the public water 
system and taken off their currently contaminated private wells.   

The proposed project will not have significant adverse effects on wild and scenic rivers or 
on flora, fauna, threatened or endangered plant or animal species, prime agricultural 
lands, wetlands, undisturbed natural areas, or the socio-economic character of the area.  
A review of the State Historic Preservation Office database indicates that no 
archeological, historical or cultural sites are recorded in the area of construction. 

 5.3 Cost to Construct Facilities 

The details of construction costs for the project are presented in Appendix A.  The total 
estimated construction cost for the pretreatment system (Phase 1) is $1,904,733, and 
$16,284,000 for the alternative water supply reverse osmosis treatment through Phase 
2.   The City is currently requesting a $1,904,733 loan for the construction of the 
pretreatment system, $779,935 for the Monterey Subdivision water distribution system, 
and a $768,375 loan for the design of the first two bid packages (Phase 2A and 2B) for the 
alternative water supply project. 

 5.4 Consistency with the Comprehensive Plan 

The recommendations resulting from this study are consistent with the City’s 
Comprehensive Plan. 
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Chapter 6.0 Implementation and Compliance 

 6.1 Public Hearing/Dedicated Revenue Hearing 

The public hearing on the Facilities Plan for the City of Stuart Water Main Replacement 
Project was held on July 5, 2018.  The meeting advertisement, proof of publication, 
minutes, sign-in sheet and other documentation is included in Appendix C.  The public 
hearing for the amended Facilities Plan will be held in January 2020.  The supporting 
information for the second public hearing will be provided upon completion of the 
meeting. 

 6.2 Regulatory Agency Review 

To qualify for a loan from the Florida Department of Environmental Protection State 
Revolving Fund, various government agencies must be satisfied with the recommended 
alternative for the City of Stuart water system.  Copies of the facilities plan adopted by 
the City Council will be sent to the following government agencies for review and 
comment. 

1. Florida Department of Environmental Protection 
2. Florida Department of Health 
3. South Florida Water Management District 
4. U.S. Environmental Protection Agency 
5. Treasure Coast Regional Planning Council 
6. State of Florida, State Clearinghouse 

 
6.3 Financial Planning 

 
The Department of Environmental Protection’s State Revolving Fund is expected to be the 
financing source for the project.  The Drinking Water State Revolving Fund Business Plan 
is provided in Appendix D. 

 6.4 Implementation 

The City of Stuart has the sole responsibility and authority to implement the 
recommended facilities.  The City of Stuart has an inter-local agreement with Martin 
County to provide drinking water services within the incorporated areas outside of the 
City’s service area and within unincorporated areas of Martin County.  However, the 
project area referenced within this plan are within the City of Stuart’s service area.  

 6.5 Implementation Schedule 

  The implementation schedule for the project is as follows: 
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May 2018 – Submit Water Facilities Plan to Florida Department of Environmental 
Protection and other governmental agencies. 

June 2018 - Hold public hearing on facilities plan and business plan. 

June 2018 – Submit plans and specifications for pretreatment system (Phase 1) to FDEP 
for review.  

August 2018 – Be on the agenda for approval at the SRF hearing for a construction loan 
for the Phase 1 pretreatment system and a design loan for Phase 2A and 2B of the 
alternative water supply project.  

September 2018 – Sign State Revolving Fund loan agreements. 

September 2018 – Start project construction of the Phase 1 pretreatment system. 

May 2019 – Submit plans and specifications for Phase 2A and 2B of the alternative water 
supply project to FDEP for review. 

June 2019 – Complete construction of the Phase 1 pretreatment system project. 

July 2019 – Certify operational performance of the Phase 1 pretreatment system project 
and complete close-out project documentation. 

August 2019 - Be on the agenda for approval at the SRF hearing for a construction loan of 
Phase 2A and Phase 2B of the alternative water supply project and a design loan for Phase 
2C of the alternative water supply project. 

September 2019 – Sign State Revolving Fund loan agreements. 

September 2019 – Start project construction of Phase 2A and 2B of the alternative water 
supply project. 

January 2020 – Submit Request for Inclusion, Amended Facilities Plan, and plans and 
specifications for the Monterey Subdivision water main improvements 

February 2020 – Be on the agenda for approval at the SRF hearing for a construction loan 
for the Monterey Subdivision water main improvements 

March 2020 – Sign State Revolving Fund loan agreements 

March 2020 – Start project construction of the Monterey Subdivision water main 
improvements 

July 2020 – Complete construction of the Monterey Subdivision water main 
improvements 
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August 2020 – Certify operational performance of the Monterey Subdivision water main 
improvements and complete project close out documentation 

TBD – Submit plans and specifications of Phase 2C of the alternative water supply project 
to FDEP for review. 

TBD - Complete construction of Phase 2A and 2B of the alternative water supply project. 

TBD – Certify operational performance of Phase 2A and 2B of the alternative water supply 
project and complete close-out project documentation. 

TBD – Start project construction of Phase 2C of the alternative water supply project. 

TBD - Complete construction of Phase 2C of the alternative water supply project. 

TBD - Certify operational performance of Phase 2C of the alternative water supply project 
and complete close-out project documentation. 

2027 – Complete Phase 3 of the alternative water supply project. 

2032 – Complete Phase 4 of the alternative water supply project. 

 6.6  Compliance 

1. The treated drinking water delivered via the selected alternative will be in 
compliance with Florida Department of Environmental Protection drinking water 
standards.   

2. The selected alternatives will meet the reliability requirements as per Chapter 62-
555, F.A.C. 

3. The environmental aspects of the proposed facilities are satisfactory. 

4. The recommended facilities are consistent with the City’s Comprehensive Plan. 
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