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ITEM NO. ITEM QUANTITY UNIT UNIT PRICE AMOUNT

1 MOBILIZATION/DEMOBILIZATION 1 LS 75,000.00$      75,000.00$            

2 MAINTENANCE OF TRAFFIC 1 LS 75,000.00$      75,000.00$            

3 PRE AND POST CONSTRUCTION VIDEO 7,500 LF 0.42$                3,150.00$              

4 CONSTRUCTION STAKING AND RECORD DRAWINGS 1 LS 30,000.00$      30,000.00$            

5 POLLUTION/EROSION CONTROL 1 LS 3,000.00$         3,000.00$              

6 FURNISH AND INSTALL 6" PVC WATER MAIN 7,500 LF 10.40$              78,000.00$            

7 FURNISH AND INSTALL FIRE HYDRANT ASSEMBLY 10 EA 3,554.00$         35,540.00$            

8 FURNISH AND INSTALL 12" X 6" TAPPING SLEEVE AND VALVE 5 EA 2,916.00$         14,580.00$            

9 FURNISH AND INSTALL 6" MJ 90 DEG BEND 4 EA 88.00$              352.00$                 

10 FURNISH AND INSTALL 6" MJ TEE 1 EA 132.00$            132.00$                 

11 FURNISH AND INSTALL SAMPLE POINTS 8 EA 190.00$            1,520.00$              

12 FURNISH AND INSTALL 6" MJ GATE VALVE 5 EA 963.00$            4,815.00$              

13 FURNISH AND INSTALL 2" FILL/FLUSH ASSEMBLY 2 EA 2,489.00$         4,978.00$              

14 FURNISH AND INSTALL SHORT SINGLE WATER SERVICE 5 EA 416.00$            2,080.00$              

15 FURNISH AND INSTALL SHORT DOUBLE WATER SERVICE 39 EA 464.00$            18,096.00$            

16 FURNISH AND INSTALL LONG SINGLE WATER SERVICE 3 EA 735.00$            2,205.00$              

17 FURNISH AND INSTALL LONG DOUBLE WATER SERVICE 30 EA 784.00$            23,520.00$            

18 PRESSURE TESTING & CHLORINATING NEW WATER MAINS 7,500 LF 1.00$                7,500.00$              

19 ASPHALT ROADWAY 600 SY 50.00$              30,000.00$            

20 WATER SERVICE (METER TO HOUSE) 146 EA 1,000.00$         146,000.00$         

555,468.00$         

20% Contingency 111,093.60$         
TOTAL 666,561.60$         

December 1, 2019

Estimated Total = 

Monterey Subdivision Water Main Estimated Construction Costs



ITEM QUANTITY UNIT UNIT PRICE TOTAL 

Mob/Demob, Bonds and Insurance (8%) 1 Lump Sum $112,124 $112,124

Site Work and Restoration 1 Lump Sum $10,000.00 $10,000

Horizontal Split Case Pumps and Motors 2 Each $32,000.00 $64,000
Vessel Slab, supports, compaction 75 CY $350.00 $26,250
16x8 FL Tee 4 Each $3,500.00 $14,000
16-inch piping (raw, treated) 120 Linear Foot $185.00 $22,200
10-inch Piping (IX vessels) 160 Linear Foot $145.00 $23,200
8-inch piping (pump discharge) 40 Linear Foot $115.00 $4,600
20x16 wet tap, preparation 1 Each $12,500.00 $12,500
10-inch Grooved End Butterfly Valves 20 Each $850.00 $17,000
10-inch FL Butterfly Valves 6 Each $1,300.00 $7,800
10-inch Flange Tee 6 Each $4,200.00 $25,200
10-inch check valves 4 Each $3,800.00 $15,200
10-inch DI Grooved Tee 16 Each $1,750.00 $28,000
10-inch DI Grooved 90-degree Bend 12 Each $1,100.00 $13,200
16x10 GE Tee 4 Each $10,000.00 $40,000
Flanged 10-inch DIP 5 Linear Foot $275.00 $1,375

Steel Vessels with Fittings 4 Each $80,500.00 $322,000

Air Release Assembly 4 Each $750.00 $3,000
10-inch Flange Tube Meter 4 Each $4,400.00 $17,600
Ion Exchange Resin 1808 Cubic Feet $240.00 $433,920
Topping/Guard 452 Cubic Feet $125.00 $56,500
Installation, rinsing of resin 1 Each $6,500.00 $6,500
Initial water quality testing 1 Each $2,500.00 $2,500

Bag Filter Vessel 2 Each $18,000.00 $36,000
Instrumentation and Small Diameter Process Piping, Valves, Etc. 1 Lump Sum $10,500.00 $10,500

Electrical 1 Lump Sum $180,000.00 $180,000
Instrumentation and Controls 1 Lump Sum $8,500.00 $8,500

SUBTOTAL $1,401,545
CONTINGENCY (15%) $350,386

Mob/Demob $112,124

TOTAL $1,864,055

City of Stuart
WTP PFC Treatment System

Preliminary (90%) Opinion of Probable Construction Costs (OPC) - AACEI Level 3 Estimate
Full 4.0-4.5 MGD Capacity

6/26/2018 K:\WPB_Civil\144967009 - COS PFC Treatment\OPC\COS PFC Bid Form and IEX OPC 6.11.18.xls

Christine
Rectangle



Prepared by: George A. Brown, PE
Prepared on: April 20, 2018

Bid Package 1: Wells (Phase 2)
Item Quantity Units Unit Cost Extended Cost

Well FA-1 (UPZ Production Zone) 1 EA 1,700,000$            1,700,000$            Low Estimate  High Estimate 
Subtotal - Bid Package 1 1,700,000$            -30% 50%
Contingency (30%) 510,000$               3,536,400$        7,578,000$            
Convert WRF IW-2 to T&P Well 1 EA 2,000,000$            2,000,000$            
Construction Cost Subtotal - Bid Package 1 4,210,000$            
Engineering / Administration (20%) 842,000$               

5,052,000$     

Bid Package 2: Wellhead and Pipelines (Phase 2)
Item Quantity Units Unit Cost Extended Cost

Wellhead 1 EA 650,000$               650,000$               Low Estimate  High Estimate 
10-inch HDPE Raw Water Pipeline 700 LF 120$                      84,000$                 -30% 50%
10-inch HDPE Concentrate Disposal Pipeline 5,800 LF 120$                      696,000$               1,627,080$        3,486,600$            
Air Release Valves 6 EA 10,000$                 60,000$                 
Subtotal - Bid Package 2 1,490,000$            
Contingency (30%) 447,000$               
Construction Cost Subtotal - Bid Package 2 1,937,000$            
Engineering / Administration (20%) 387,400$               

2,324,400$     

Bid Package 3: Reverse Osmosis WTP (Phase 2)
Item Quantity Units Unit Cost Extended Cost

Membrane Plant 1,000,000 gpd $5.70 $5,710,000 Low Estimate  High Estimate 
Subtotal - Bid Package 3 5,710,000$            -30% 50%
Contingency (30%) 1,713,000$            6,235,320$        13,361,400$          
Construction Cost Subtotal - Bid Package 3 7,423,000$            
Engineering / Administration (20%) 1,484,600$            

8,907,600$     

16,284,000$   
Notes: 

1. Stage:  Planning

2. Estimate Class per AACE International Recommended Practice 18R-97:  Class 5

3. Accuracy Range: +50% to -30%

4. This cost estimate has been prepared for guidance in project evaluation and implementation from the information available at this 
stage of the estimate. The final costs of the project will depend on actual labor and material cost, competitive market conditions, final 
project scope, implementation schedule, and other variable conditions. As a result, the final project costs will vary from the estimate 
presented herein. 

Issued: April 20, 2018 by George A. Brown, PE 

TOTAL OPINION OF PROBABLE PROJECT COST

Opinion of Probable Project Cost - Bid Package 1

Opinion of Probable Project Cost - Bid Package 2

Opinion of Probable Project Cost - Bid Package 3

Estimate Range

Estimate Range

Opinion of Probable Project Cost by Bid Package - Phase 2
City of Stuart

Alternative Water Supply Plan
UPZ+RO

Estimate Range

All Cost Opinions are in 
2018 Dollars



Prepared by: George A. Brown, PE
Prepared on: April 20, 2018

Bid Package 1: Wells (Phase 3)
Item Quantity Units Unit Cost Extended Cost

Well FA-2 (UPZ Production Zone) 1 EA 1,700,000$            1,700,000$            Low Estimate  High Estimate 
Subtotal - Bid Package 1 1,700,000$            -30% 50%
Contingency (30%) 510,000$               1,856,400$        3,978,000$            
Construction Cost Subtotal - Bid Package 1 2,210,000$            
Engineering / Administration (20%) 442,000$               

2,652,000$     

Bid Package 2: Wellhead and Pipelines (Phase 3)
Item Quantity Units Unit Cost Extended Cost

Wellhead 1 EA 650,000$               650,000$               Low Estimate  High Estimate 
10-inch HDPE Raw Water Pipeline 1250 LF 120$                      150,000$               -30% 50%
Air Release Valves 6 EA 10,000$                 60,000$                 939,120$           2,012,400$            
Subtotal - Bid Package 2 860,000$               
Contingency (30%) 258,000$               
Construction Cost Subtotal - Bid Package 2 1,118,000$            
Engineering / Administration (20%) 223,600$               

1,341,600$     

Bid Package 3: Reverse Osmosis WTP (Phase 3)
Item Quantity Units Unit Cost Extended Cost

Membrane Plant 1,000,000 gpd $1.43 $1,430,000 Low Estimate  High Estimate 
Subtotal - Bid Package 3 1,430,000$            -30% 50%
Contingency (30%) 429,000$               1,561,560$        3,346,200$            
Construction Cost Subtotal - Bid Package 3 1,859,000$            
Engineering / Administration (20%) 371,800$               

2,230,800$     

6,224,400$     

Estimate Range

Opinion of Probable Project Cost - Bid Package 1

All Cost Opinions are in 
2018 Dollars

Notes: 

1. Stage:  Planning

2. Estimate Class per AACE International Recommended Practice 18R-97:  Class 5

3. Accuracy Range: +50% to -30%

4. This cost estimate has been prepared for guidance in project evaluation and implementation from the information available at this 
stage of the estimate. The final costs of the project will depend on actual labor and material cost, competitive market conditions, final 
project scope, implementation schedule, and other variable conditions. As a result, the final project costs will vary from the estimate 
presented herein. 

Issued: April 20, 2018 by George A. Brown, PE 

Opinion of Probable Project Cost by Bid Package - Phase 3
City of Stuart

Alternative Water Supply Plan
UPZ+RO

Estimate Range

Opinion of Probable Project Cost - Bid Package 2

Estimate Range

Opinion of Probable Project Cost - Bid Package 3

TOTAL OPINION OF PROBABLE PROJECT COST



Prepared by: George A. Brown, PE
Prepared on: April 20, 2018

Bid Package 1: Wells (Phase 4)
Item Quantity Units Unit Cost Extended Cost

Well FA-3 (UPZ Production Zone) 1 EA 1,700,000$            1,700,000$            Low Estimate  High Estimate 
Subtotal - Bid Package 1 1,700,000$            -30% 50%
Contingency (30%) 510,000$               1,856,400$        3,978,000$            
Construction Cost Subtotal - Bid Package 1 2,210,000$            
Engineering / Administration (20%) 442,000$               

2,652,000$     

Bid Package 2: Wellhead and Pipelines (Phase 4)
Item Quantity Units Unit Cost Extended Cost

Wellhead 1 EA 650,000$               650,000$               Low Estimate  High Estimate 
10-inch HDPE Raw Water Pipeline 1600 LF 120$                      192,000$               -30% 50%
Air Release Valves 6 EA 10,000$                 60,000$                 984,984$           2,110,680$            
Subtotal - Bid Package 2 902,000$               
Contingency (30%) 270,600$               
Construction Cost Subtotal - Bid Package 2 1,172,600$            
Engineering / Administration (20%) 234,520$               

1,407,120$     

Bid Package 3: Reverse Osmosis WTP (Phase 4)
Item Quantity Units Unit Cost Extended Cost

Membrane Plant 1,000,000 gpd $1.43 $1,430,000 Low Estimate  High Estimate 
Subtotal - Bid Package 3 1,430,000$            -30% 50%
Contingency (30%) 429,000$               1,561,560$        3,346,200$            
Construction Cost Subtotal - Bid Package 3 1,859,000$            
Engineering / Administration (20%) 371,800$               

2,230,800$     

6,289,920$     
Notes: 

1. Stage:  Planning

2. Estimate Class per AACE International Recommended Practice 18R-97:  Class 5

3. Accuracy Range: +50% to -30%

4. This cost estimate has been prepared for guidance in project evaluation and implementation from the information available at this 
stage of the estimate. The final costs of the project will depend on actual labor and material cost, competitive market conditions, final 
project scope, implementation schedule, and other variable conditions. As a result, the final project costs will vary from the estimate 
presented herein. 

Issued: April 20, 2018 by George A. Brown, PE 

Opinion of Probable Project Cost - Bid Package 1

Estimate Range

Opinion of Probable Project Cost - Bid Package 2

Estimate Range

Opinion of Probable Project Cost - Bid Package 3

TOTAL OPINION OF PROBABLE PROJECT COST

Estimate Range

Opinion of Probable Project Cost by Bid Package - Phase 4
City of Stuart

Alternative Water Supply Plan
UPZ+RO

All Cost Opinions are in 
2018 Dollars



All O&M costs are in 2018 dollars

Phase 2 Phase 3 Phase 4
2022-2026 2027-2031 2032-2040

Florida Wells 41,203$             82,405$             123,608$           
RO System Equipment 103,430$           197,151$           298,732$           
Chemical Injection 2,747$               2,747$               2,747$               
Tranfer Pumps 3,582$               7,164$               10,746$             
Concentrate Pumps 3,448$               6,896$               10,343$             
Subtotal 154,000$         296,000$         446,000$         

Sulfuric Acid 56,533$             113,067$           169,600$           
Scale Inhibitor 16,308$             32,615$             48,923$             
Sodium Hydroxide 48,706$             97,411$             146,117$           
Corrosion Inhibitor 9,692$               19,383$             29,075$             
Carbon Dioxide 4,566$               9,132$               13,698$             
RO Cleaning 17,500$             35,000$             52,500$             
Subtotal 153,000$         307,000$         460,000$         

Cartridge Filter Elements 12,000$             16,000$             20,000$             
RO Membrane Elements 22,000$             43,000$             65,000$             
Subtotal 34,000$           59,000$           85,000$           

Wellfield Pumps 5,000$               6,250$               7,813$               
Transmission Mains 8,000$               9,500$               11,500$             
RO System Components 10,000$             15,000$             20,000$             
Chemical Systems 5,000$               5,000$               5,000$               
Misc. Electrical, I&C 5,000$               6,500$               8,000$               
Deep Injection Well 5,000$               5,000$               5,000$               
Subtotal 38,000$           47,000$           57,000$           
Contingency (10%) 37,900$             70,900$             104,800$           
Total Annual Cost 417,000$         780,000$         1,153,000$      
Total Unit Operating Cost ($/kgal) 1.14$               1.07$               1.05$               

Replacements

Maintenance

CITY OF STUART - AWS EVALUATION
ANNUAL OPERATIONS AND MAINTENANCE COST BY PHASE 

Description
Annual Cost

Power

Chemicals



 

108 
 

 

 

 

Appendix B Source Water Assessment and Protection Program 
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Appendix C Public Hearing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



STATE OF FLORIDA
COUNTY OF MARTIN
Before the undersigned authority personally appeared, Natalie Zollar, who on oath says that she is Classified Inside Sales
Manager of the Stuart News, a daily newspaper published at Stuart in Martin County, Florida: that the attached copy of
advertisement was published in the Stuart News in the following issues below. Affiant further says that the said Stuart News is a
newspaper published in Stuart in said Martin County, Florida, with offices and paid circulation in Martin County, Florida, and that
said newspapers have heretofore been continuously published in said Martin County, Florida, daily and distributed in Martin,
Florida, for a period of one year next preceding the first publication of the attached copy of advertisement; and affiant further says
that she has neither paid or promised any person, firm or corporation any discount, rebate, commission or refund for the purpose
of securing this advertisement for publication in the said newspaper. The Stuart News has been entered as Periodical Matter at
the Post Offices in Stuart, Martin County, Florida and has been for a period of one year next preceding the first publication of the
attached copy of advertisement.

Customer	 Ad Number	 Copyline	 PO #
432313 - CITY OF STUART	 2044734	 NOTICE OF PUBLIC HEARING Notice is h	

Pub Dates
June 20, 2018

Sworn to and subscribed before me this day of, June 20, 2018, by

_________________________________________________________________, who is
Natalie Zollar
(X) personally known to me or
(  ) who has produced ________________________________________ as identification.

_______________________________________________________________________
Karol Kangas                                                                            Notary Public

The Stuart News
1939 SE Federal Highway, Stuart, FL 34994

AFFIDAVIT OF PUBLICATION



NOTICE OF PUBLIC HEARING

Notice is hereby given that the 
City of Stuart Public Utilities 
Department will hold a spe-
cial meeting on July 5, 2018.  
The meeting is at 5:30 pm at 
City Hall, at 121 SW Flagler 
Avenue, Stuart, FL in the City 
commission chambers for 
the purpose of considering 
approval of the proposed City 
of Stuart Water Facilities Plan 
for the City of Stuart Pretreat-
ment and Alternative Water 
Supply Project.  This hearing 
will include a discussion of the 
Water Facilities Plan and the 
financial impact on the system 
users.  The hearing is intended 
to afford the opportunity to 
individuals to be heard on the 
economic and social effects 
of the location, design, and 
environmental impact of the 
water system improvements. 

The project will be utilizing 
the State Revolving Fund 
(SRF) loan program.  Financial 
impacts on utility users will be 
presented at the hearing. 

The Water Facilities Plan rele-
vant to the discussion is avail-
able for public review in the 
Utilities Division of the City of 
Stuart Public Works Depart-
ment, at 121 SW Flagler Ave-
nue, Stuart, FL. All interested 
persons are invited to attend 
and be heard. 

In compliance with the Amer-
icans with Disabilities Act 
(ADA), anyone who needs a 
special accommodation for 
this meeting should contact 
the City’s ADA coordinator 
at (772) 288-5306 at least 48 
hours in advance of the meet-
ing, excluding Saturday and 
Sunday.

City of Stuart, Florida 
David Peters
Director of Public Works
Pub: June 20, 2018
TCN 2044734





City of Stuart
Pretreatment and Alternative Water  
Supply Project

July 5, 2018

Water 
Facilities 

Plan 
Public 

Meeting 



What is the Project?

Construction of a pretreatment system at the City of 
Stuart Water Treatment Plant
Removes Perfluorinated (PFC) compounds 

Alternative Water Supply for the City of Stuart
Reverse Osmosis Treatment –Total 3 MGD
 First Phase – 1 MGD – 2022
 Second Phase – 1MGD – 2027
 Third Phase – 1 MGD - 2032



Why is the City doing the 
Project?

 Pretreatment System
 Removes PFC Contaminants to 

Below Health Advisory Levels 
Established by the EPA

 Alternative Water Supply
 Threats & Reliability Issues with the 

Surficial Aquifer Supply 
 Groundwater Contamination
 Salt Water Intrusion
 Impacts on adjacent wetlands & 

other legal users
 Future more stringent drinking water 

regulations



This Meeting

Required by the Florida Department of 
Environmental Protection
Public meeting intended to afford individuals the 

opportunity to comment on:
Water Facilities Plan
 Economic & Social Effects
 Location 
Design
 Environmental Impact



Project Description

 Pretreatment System 
 Modifications/replacement of the existing influent booster 

pumps
 Four ion exchange vessels loaded with resin that has been 

selected to remove PFCs 
 Rated to treat 4 MGD
 Remaining capacity will bypass the proposed system and 

blend upstream of the Volatile Organic Compound (VOC) 
towers 

 Construction Cost - $1,904,733



Alternative Water Supply

• Scheduled to be implemented in three phases 
constructed over 10 years

• First phase – 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.  

• Estimated construction cost:  $16,284,000
• $768,375 loan for design of first two sub-phases (2A 

& 2B – Well, Wellhead & Pipeline)



Alternative Water Supply

• Proposed improvements include the following:
• The Upper Permeable Zone (UPZ) of the Upper Floridan Aquifer.

• Three UPZ wells - 1.43 million gallons per day (mgd) each
• Each well is sized to provide raw water to one reverse osmosis (RO) 

membrane train. 
• Membrane treatment plant on the WTP site with three RO membrane 

trains. Each membrane train would have a finished water capacity of 1.0 
mgd.

• Three wells and RO trains be constructed in phases as follows:  
• Well FA-1 and RO Train 1 in the year 2022
• Well FA-2 and RO Train 2 in the year 2027
• Well FA-3 and RO Train 3 in the year 2032

• 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.













Schedule for 2018-2019

May 2018 – Submit Water 
Facilities Plan 

July 5, 2018 - Hold public hearing 
on facilities plan and business 

plan

July 2018 – Submit plans and 
specifications for pretreatment 

system (Phase 1) to FDEP  

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

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 

June 2019 – Complete 
construction of the Phase 1 

pretreatment system 

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



Questions?
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Appendix D Business Plan and 2017 Rate Study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



DRINKING WATER STATE REVOLVING FUND BUSINESS PLAN 

Sponsor Name: City of Stuart System Population: 16,623 

DWSRF Project #: DW43041 PWS ID#: 4430259 

Contact Person and Title: David Peters, Public Works Director Telephone: (772) 288-1292

Mailing Address: 121 SW Flagler Avenue City: Stuart State: FL Zip: 34994 

Contact for Finance Plan (if different): Same Telephone: 772-288-1292

Mailing Address: City: State: Zip: 

e-mail: dpeters@ci.stuart.fl.us Fax: (772) 288-5381

Source Type: Ground Water Purchase Water  
Surface Water Surface/Ground Combined 

The Drinking Water State Revolving Fund Program (DWSRF), authorized by the 1996 amendments to the Safe Drinking Water 
Act, provides financial assistance to public water systems (PWS).  To obtain this assistance, project sponsors must demonstrate 
Capacity Development or demonstrate how the assistance will ensure these requirements are met.  The term Capacity 
Development takes into consideration three vital areas of a public water system: Technical, Managerial, and Financial 
capabilities. 

FINANCIAL 

A financial capability demonstration (and certification) is required well before the evaluation of the actual loan or grant 
application.  This demonstration is necessary to ensure that the system has the financial capability to repay the loan, if applicable, 
and to adequately operate and maintain the system.  Financial capability also includes funding future capital improvements that 
may be required.  Please see Rule 62-552.700(4) in Chapter 62-552, F.A.C. for further details. 

It is expected that the revenues to be dedicated to repaying a loan will be generated either from water and sewer utility operations 
or from water utility operations alone.  If the source of revenues will not be from such enterprises, this set of worksheets alone 
will not satisfy the Department's needs.  (Please contact the Department for further guidance if dedicated revenues will be 
generated externally to such utilities.) 

The following worksheets have been developed to identify the minimum information needed.  The completed worksheets should 
be used in disclosing DWSRF project financing to the public during the required dedicated revenue hearing.  The worksheets can 
serve to identify the impacts of the SRF project on residential users and how the project fits into the project sponsor’s overall 
capital improvement program for the water and sewer utility (or water utility, as appropriate).  Supplemental capital financing 
documentation may be submitted with these worksheets and may be presented at the required dedicated revenue hearing. 

The revenues being dedicated to repayment of the DWSRF loan are: User Rates 
What is the frequency of water system billing? Monthly 
How often are system rates reviewed for adequacy? Every 3 to 5 years 
When was the last time rates were reviewed? August 2017 
What resources and guidance does the water system use for setting water 

user rates, fees or charges? 
Water, Wastewater, & Sanitation Rate Study 
dated August 28, 2017

What is your water system bond rating? Standard & Poor’s AA- 
Is a rate increase necessary as a result of this project? No 
What is the Median Household Income (MHI) for the entire system? $39,470 

Which, if any, of the following activities must be undertaken to implement the DWSRF project? 
Acquire privately held land? Yes No 
Acquire land held by another public water system entity? Yes No 
Enter into inter-local or inter-project sponsoring agency’s agreements?  Yes No 
Does the system have an annual budget with a separate reserve account for equipment 

replacement and/or capital improvement? 
Yes No 

Does the system have a capital improvement plan? How many years does it cover? 5 Yes No 



Does the system have a governing board of directors?  Yes  No  
Does the water system employ the services of a professional engineer? Yes  No  
Are there procedures for billing and collection? Yes  No  
Does the system have audited financial statements? Yes  No  
Are there standard purchasing procedures that provide controls over expenditures? Yes  No  
What year will construction be completed and repayments begin (for the first project)? 2019 
What is the estimated cost of your SRF project? $2,673,108 ($1,904,733 for 

pretreatment system 
construction and $768,375 
for the design of the first two 
bid packages of the 
alternative water supply 
project) 

  Please attach a copy of the user charge ordinance. ATTACHED 
 

Table 1 
WATER RATE REVENUE SUMMARY 

 
 LAST YR. 

      
YEAR 1 
(Current Year) 
      

YEAR 2 
      

YEAR 3 
       SRF Project 

      

1.  Number of Residential Customers                                

2.  Number of New Residential Service 
Connections 

                               

3.  Annual Residential Water Sales  
(Gallons)                                

4.  
Avg Daily Residential Usage (Gal/day) 
(Line 3 divided by line 1 divided by 
365) 

                               

5.  Annual Residential Water Sales ($)                                

6.  Average Annual Residential Bill (line 5 
divided by line 1)                                

7.  Annual Residential Bill Amount 
Uncollected                                

8.  Total Residential Rates Collected (Line 
5 minus line 7)                                

9.  Impact and Connection Fees per 
Residential Service                                

10.  Total Residential Impact and Connection 
Fees (Line 2 times line 9)                                

11.  Number of Commercial Customers                                

12.  Number of New Commercial Service 
Connections                                

13.  Annual Commercial Water Sales 
(Gallons)                                

14.  Annual Commercial Water Sales ($)       

15.  Annual Commercial Bill Amount 
Uncollected                                

16.  Total Commercial/Industrial Bills 
Collected (Line 14 minus line 15)                                

17.  Impact and Connection Fees for 
Commercial Service                                

18.  Total Commercial Impact and 
Connection Fees (Line 12 times line 17)                                

19.  Bulk Water Sales                                

20.  Total Projected Water Revenue (Line 
8+10+16+18+19)                                

*  Large meters should be checked annually for accuracy. 

PLEASE REFER TO THE 
ATTACHED TABLES 



Page 1 of 2

TABLE 1-A

CITY OF STUART, FLORIDA

HISTORICAL AND PROJECTED REVENUES AND INCOME [1] [2]
Description

Code Audited 2016 Audited 2017 Projected 2018 Projected 2019 Projected 2020
OPERATING REVENUES

1 Water and Wastewater Rate Revenues [3] [4] 1 $10,263,097 $10,364,119 $10,887,258 $11,524,903 $12,192,651

2 Fire Protection 2 0 0 0 0 0

3 Fees and Services [5] 3 425,942 507,537 415,485 553,580 584,556

4 Interest Income 4 0 0 0 0 0

5a Other- Misc Revenue & Contributions 5 1,363 12,363 23,500 22,500 22,500

5b Other- 0 0 0 0 0

6 Total (Lines 1 - 5) $10,690,402 $10,884,019 $11,326,243 $12,100,982 $12,799,707

NON-OPERATING REVENUES

7 Interest Income 7 $79,916 $78,829 $15,000 $14,000 $15,000

8 Interfund Transfer 8 0 0 0 0 0

9 Proceeds from the Sale of Assets 9 25 7,050 14,600 0 0

10 Leases and Extraction Fees 10 0 0 0 0 0

11 Construction Grants 11 199,627 740,656 0 0 0

12 Proceeds from Borrowing 12 0 0 0 0 0

13 Equity Contribution/ Impact Fees 13 277,869 227,539 194,115 244,627 228,213

14 Other- Assessments 14 0 0 0 0 0

15 Total (Lines 7 - 14) $557,436 $1,054,074 $223,715 $258,627 $243,213

16 Total Revenues $11,247,838 $11,938,093 $11,549,958 $12,359,609 $13,042,920

Footnotes:
[1] Amounts shown for Fiscal Years 2016 and 2017 are based on detailed records provided by City staff, which were used to compile the City's 

Audited Financial Statements.

[2] Amounts projected for Fiscal Years 2018 through 2020 based on the City's most recent rate study which concluded on August 14, 2017.
Since the detailed revenues from the updated rate study results were summarized herein, please refer to the updated rate study tables for
specific results by revenue source.

Footnotes continued on following page.

Prepared on: May 9, 2018
Prepared by: Public Resources Management Group, Inc.  
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TABLE 1-A

CITY OF STUART, FLORIDA

HISTORICAL AND PROJECTED REVENUES AND INCOME [1] [2]

[3] Based on the rate study results that concluded on August 14, 2017, the City adopted water and wasetwater rates for the five (5) Fiscal Years 
ending September 30, 2022 as follows:

Water Wastewater
Adopted Rate Increases on or after October 1, 2017 7% 3%
Adopted Rate Increases on or after October 1, 2018 7% 3%
Adopted Rate Increases on or after October 1, 2019 7% 3%
Adopted Rate Increases on or after October 1, 2020 2% 2%
Adopted Rate Increases on or after October 1, 2021 2% 2%

[4] Projected revenues based on the adopted rates plus an average customer growth rate of 1% per year on average.  Additional sewer 
customer growth was assumed to account for recently completed and planned sewer expansion projects to eliminate septic tanks 
within selected sewer basins.

[5] Amounts include the operating portion of Sewer Plan Payments associated with the Sewer Expansion Program.  A portion of the 
plan payments include the recoupment of Sewer Availability Fees or Impact Fees and were reflected on Line 13 below; Equity 
Contributions / Impact Fees.

Prepared on: May 9, 2018
Prepared by: Public Resources Management Group, Inc.  
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TABLE 1-B

CITY OF STUART, FLORIDA

HISTORICAL AND PROJECTED OPERATING EXPENSES [1]
Description

Code Audited 2016 Audited 2017 Projected 2018
Escalation 
Factor [2] Projected 2019 Projected 2020

OPERATING EXPENSES

OPERATION AND MAINTENANCE

16 Salaries (Operators) 16 $1,570,065 $1,655,279 $1,505,598 Labor $1,535,710 $1,566,424

17 Benefits 17 544,611 599,846 643,930 Labor 671,892 701,305

18 Utilities 18 567,179 599,771 718,030 Utility 760,244 804,229

19 Chemicals & Treatment 19 410,663 398,453 571,138 Chemical 586,376 602,415

20 Monitoring 20 0 0 0 Inflation 0 0

21 Materials, Supplies & Parts [3] 21 393,648 1,028,383 932,775 Repair 960,718 989,504

22 Transportation 22 0 0 0 Inflation 0 0

23 Purchased Water Costs 23 0 0 0 Inflation 0 0

24 Outside Professional Services [4] 24 314,350 303,469 602,825 Inflation 616,690 631,491

25 Other- Misc. Expenses 25 106,081 106,092 167,955 Inflation 171,818 175,942

26 Total (Lines 16-25) $3,906,598 $4,691,294 $5,142,251 $5,303,448 $5,471,309

ADMINISTRATIVE

27 Salaries and Benefits 27 $1,313,992 $1,448,917 $1,127,523 Labor $1,156,440 $1,186,315

28 Building Overhead 28 40,034 39,913 46,350 Repair 47,674 49,072

29 Office Supplies & Postage 29 33,401 35,660 44,700 Inflation 46,372 48,084

30 Insurance 30 114,902 87,948 87,403 Insurance 90,025 92,726

31 Customer Billing & Collection 31 47,621 45,719 62,330 Inflation 64,183 66,123

32 Accounting and Legal 32 0 0 0 Inflation 0 0

33 A/E & Professional Services 33 45,181 38,335 93,295 Inflation 95,441 97,731

34 Other- Books & Training 34 105,968 114,272 138,346 Inflation 144,544 150,866

35 TOTAL (Lines 27 - 34) $1,701,098 $1,810,764 $1,599,947 $1,644,679 $1,690,916

36 Total Operating Expenses $5,607,696 $6,502,058 $6,742,198 $6,948,127 $7,162,226

NON-OPERATING EXPENSES

Existing Debt-Repayment - Principal
37 and Interest [5] 37 $1,773,162 $2,041,634 $2,036,256 Link $2,040,341 $2,040,723

Capital Improvements
38 Acquisition of Plant Equipment [6] [7] 38 4,270,353 2,093,775 1,607,504 Input 1,782,658 1,801,416

39 Interfund Transfers [8] 39 254,083 230,676 247,699 Labor 252,653 257,706

40 To General Fund [9] 40 560,770 639,168 705,853 Revenue 743,992 784,117

Prepared on: May 9, 2018
Prepared by: Public Resources Management Group, Inc.
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TABLE 1-B

CITY OF STUART, FLORIDA

HISTORICAL AND PROJECTED OPERATING EXPENSES [1]
Description

Code Audited 2016 Audited 2017 Projected 2018
Escalation 
Factor [2] Projected 2019 Projected 2020

41 To Replacement Fund 41 0 0 0 Constant 0 0

42 To Emergency Fund 42 0 0 0 Constant 0 0
Depreciation Expenses (If

43 money is set aside) 43 0 0 0 Constant 0 0

44 Other- 44 0 0 0 Constant 0 0

45 TOTAL (Lines 37 - 44) $6,858,368 $5,005,253 $4,597,312 $4,819,644 $4,883,962

46 TOTAL EXPENSES $12,466,064 $11,507,310 $11,339,510 $11,767,770 $12,046,188

Footnotes:
[1] Amounts shown for Fiscal Years 2016 and 2017 are based on detailed records provided by City staff, which were used to compile the City's 

Audited Financial Statements.  Amounts projected for Fiscal Years 2018 through 2020 based on the City's most recent rate study which
concluded on August 14, 2017.  The rate study results were briefly updated to account for known changes in the financial forecast.

[2] Descriptions reflect the principal cost drivers which were used to estimate future operating expenses.  Since the detailed expenses 
from the updated rate study results were summarized herein, please refer to the rate study tables for specific results by cost center and department.

[3] Amounts derived from Table 3, Page 1 of 2, and reflect the existing annual principal and interest payments funded in each fiscal year.  The amounts
funded are based on when the City segregates the revenues to pay the periodic debt service payments over time (a sinking fund approach).

[4] Since Fiscal Year 2016, the City has increased funding for the ongoing maintenance and repairs of the water and wastewater system.

[5] Projected amounts based on the adopted Fiscal Year 2018 Budget, a portion of which may get capitalized when compared to the actual 2016 
and 2017 results.

[6] The amounts funded for Fiscal Years 2016 and 2017 were derived from the cash flow statements provided in the City's Audited Financial Statements.

[7] The planned capital expenditures for Fiscal Years 2018 through 2020 reflect the estimated amount of capital to be paid from monthly user 
rates and/or reserves.  Capital expenditures associated with future loan proceeds are not reflected in these totals.  Please refer to the detailed 
capital plan included within the updated rate study results for additional project details.

[8] Amounts reflect an indirect cost allocation between the utility system and other City funds based on shared expenses and services.

[9] The City's transfer policy is based on six percent (6%) of annual gross revenues.

Prepared on: May 9, 2018
Prepared by: Public Resources Management Group, Inc.
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TABLE 2 

INCOME, EXPENSES, AND CASH FLOW STATEMENT 
Income, Expense, and Cash Flow Statement Last Yr. 

      
Year 1 
      

Year  2 
      

Year 3 
      

 SRF Project 
      

 OPERATING REVENUES    
1 Water Rates                                

2 Fire Protection                                

3 Fees and Services                                

4 Interest Income                                

5a Other –                                      

5b Other –                                      

6 Total (Lines 1 - 5)                                

 NON-OPERATING REVENUES    
7 Interest Income                                

8 Interfund Transfer                                

9 Proceeds from the Sale of Assets                                

10 Leases and Extraction Fees                                

11 Construction Grants                                

12 Proceeds from Borrowing                                

13 Equity Contribution                                

14 Other -                                      

15 Total (Lines 7 - 14)                                 

        
 OPERATING EXPENSES    
 OPERATION AND MAINTENANCE    
16 Salaries (Operators)                                

17 Benefits                                

18 Utilities                                

19 Chemicals & Treatment                                

20 Monitoring                                

21 Materials, Supplies & Parts                                

22 Transportation                                

23 Purchased Water Costs                                

24 Outside Services –                                      

25 Other –                                      

26 Total (Lines 16 – 25)                                

PLEASE REFER TO THE 
ATTACHED TABLE 
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 ADMINISTRATIVE    
27 Salaries and Benefits                                

28 Building Overhead                                

29 Office Supplies & Postage                                

30 Insurance                                

31 Customer Billing & Collection                                

32 Accounting and Legal                                

33 A/E & Professional Services                                

34 Other -                                      

35 TOTAL  (Lines27 – 34)                                

36 Net Operating Income  
(Line 6 minus 26 minus 35) 

                               

 

 NON-OPERATING EXPENSES    

37 Debt-Repayment – Principal 
and Interest 

                               

38 Capital Improvements 
Acquisition of Plant Equipment 

                               

39 Interfund Transfers                                

40 To General Fund                                

41 To Replacement Fund                                

42 To Emergency Fund                                

43 Depreciation Expenses (If 
money is set aside) 

                               

44 Other -                                      

45 TOTAL (Lines 37 + 44)                                

46 Net Non-Operating Income  
(Line 15 minus Line 45) 

                               

47 Net Income Before Taxes  
(Lines 36 + 46) 

                               

 TAXES (N/A for publicly owned systems)    

48 Income Taxes                                

49 Other Taxes                                

50 TOTAL (Lines 48 + 49)                                

51 Net Income After Taxes  
(Line 47 minus 50) 
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TABLE 2

CITY OF STUART, FLORIDA

INCOME, EXPENSES, AND CASH FLOW STATEMENT [1]
Income, Expense, and Cash Flow Statement

Code Audited 2016 Audited 2017 Projected 2018 Projected 2019 Projected 2020
SRF Project 

2020
OPERATING REVENUES [2]

1 Water and Wastewater Rates $10,263,097 $10,364,119 $10,887,258 $11,524,903 $12,192,651 $12,192,651

2 Fire Protection 0 0 0 0 0 0

3 Fees and Services 425,942 507,537 415,485 553,580 584,556 584,556

4 Interest Income 0 0 0 0 0 0

5a Other- Misc Revenue & Contributions 1,363 12,363 23,500 22,500 22,500 22,500

5b Other- 0 0 0 0 0 0

6 Total (Lines 1 - 5) $10,690,402 $10,884,019 $11,326,243 $12,100,982 $12,799,707 $12,799,707

NON-OPERATING REVENUES [2]

7 Interest Income $79,916 $78,829 $15,000 $14,000 $15,000 $15,000

8 Interfund Transfer 0 0 0 0 0 0

9 Proceeds from the Sale of Assets 25 7,050 14,600 0 0 0

10 Leases and Extraction Fees 0 0 0 0 0 0

11 Construction Grants 199,627 740,656 0 0 0 0

12 Proceeds from Borrowing 0 0 0 0 0 0

13 Equity Contribution 277,869 227,539 194,115 244,627 228,213 228,213

14 Other- 0 0 0 0 0 0

15 Total (Lines 7 - 14) $557,436 $1,054,074 $223,715 $258,627 $243,213 $243,213

OPERATING EXPENSES [3]

OPERATION AND MAINTENANCE

16 Salaries (Operators) 16 $1,570,065 $1,655,279 $1,505,598 $1,535,710 $1,566,424 $1,566,424

17 Benefits 17 544,611 599,846 643,930 671,892 701,305 701,305

18 Utilities 18 567,179 599,771 718,030 760,244 804,229 804,229

19 Chemicals & Treatment 19 410,663 398,453 571,138 586,376 602,415 602,415

20 Monitoring 20 0 0 0 0 0 0

21 Materials, Supplies & Parts 21 393,648 1,028,383 932,775 960,718 989,504 989,504

22 Transportation 22 0 0 0 0 0 0

23 Purchased Water Costs 23 0 0 0 0 0 0

24 Outside Professional Services 24 314,350 303,469 602,825 616,690 631,491 631,491

25 Other- Misc. Expenses 25 106,081 106,092 167,955 171,818 175,942 175,942

26 Total (Lines 16-25) $3,906,598 $4,691,294 $5,142,251 $5,303,448 $5,471,309 $5,471,309

Footnotes begin on the last page.

Prepared on: May 9, 2018
Prepared by: Public Resources Management Group, Inc.



Page 2 of 3

ADMINISTRATIVE [3] Code Audited 2016 Audited 2017 Projected 2018 Projected 2019 Projected 2020
SRF Project 

2020

27 Salaries and Benefits 27 $1,313,992 $1,448,917 $1,127,523 $1,156,440 $1,186,315 $1,186,315

28 Building Overhead 28 40,034 39,913 46,350 47,674 49,072 49,072

29 Office Supplies & Postage 29 33,401 35,660 44,700 46,372 48,084 48,084

30 Insurance 30 114,902 87,948 87,403 90,025 92,726 92,726

31 Customer Billing & Collection 31 47,621 45,719 62,330 64,183 66,123 66,123

32 Accounting and Legal 32 0 0 0 0 0 0

33 A/E & Professional Services 33 45,181 38,335 93,295 95,441 97,731 97,731

34 Other- Books & Training 34 105,968 114,272 138,346 144,544 150,866 150,866

35 Total (Lines 27 - 34) $1,701,098 $1,810,764 $1,599,947 $1,644,679 $1,690,916 $1,690,916
NET OPERATING INCOME

36 (Line 6 minus 26 minus 35) $5,082,707 $4,381,961 $4,584,045 $5,152,856 $5,637,482 $5,637,482

NON-OPERATING EXPENSES [3]

Debt-Repayment - Principal
37 and Interest [4] 37 $1,773,162 $2,041,634 $2,036,256 $2,040,341 $2,040,723 $2,567,412

Capital Improvements
38 Acquisition of Plant Equipment 38 4,270,353 2,093,775 1,607,504 1,782,658 1,801,416 1,801,416

39 Interfund Transfers 39 254,083 230,676 247,699 252,653 257,706 257,706

40 To General Fund 40 560,770 639,168 705,853 743,992 784,117 784,117

41 To Replacement Fund 41 0 0 0 0 0 0

42 To Emergency Fund 42 0 0 0 0 0 0
Depreciation Expenses (If

43 money is set aside) 43 0 0 0 0 0 0

44 Other- 44 0 0 0 0 0 0

45 Total (Lines 37 - 44) $6,858,368 $5,005,253 $4,597,312 $4,819,644 $4,883,962 $5,410,651
Net Non-Operating Income

46 (Line 15 minus Line 45) ($6,300,933) ($3,951,178) ($4,373,597) ($4,561,017) ($4,640,750) ($5,167,439)
Net Income Before Taxes

47 (Lines 36+46) ($1,218,226) $430,783 $210,448 $591,839 $996,732 $470,043

TAXES (N/A for publicly owned systems)

48 Income Taxes $0 $0 $0 $0 $0 $0

49 Other Taxes 0 0 0 0 0 0

50 Total (Lines 48 + 49) $0 $0 $0 $0 $0 $0
Net Income (Loss) After Taxes

51 (Line 47 minus 50) ($1,218,226) $430,783 $210,448 $591,839 $996,732 $470,043

Footnotes continued on the following page.

Prepared on: May 9, 2018
Prepared by: Public Resources Management Group, Inc.
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Footnotes:
[1] A reconciliation of the Fiscal Year 2016 and 2017 Audited results to the Audited Financial Statements is shown in Attachment A.

[2] Amounts compiled by Public Resources Management Group, Inc. (PRMG) as derived from Table 1-A.

[3] Amounts compiled by Public Resources Management Group, Inc. (PRMG) as derived from Table 1-B.

[4] Details of annual debt service payments derived from Table 3.  The existing loan payments are shown from Fiscal Years 2016 through 2020.  
For the SRF Project column, the Proposed SRF Loans 1 and 2 for the Proposed Projects and any future debt currently assumed was included 
as follows: 

SRF Project
2020 [a]

Existing Principal and Interest Payments $2,040,723
Proposed SRF Loan 1 (ION Exchange) [b] 101,032
Proposed SRF Loan 2 (Eng. & Design Phases 1 & 2 R.O. Project) [c] 50,997
Future SRF Loan R.O. Phases 1-3 [d] 0
Future Junior Lien Loan Sewer Expansion [d] 141,032
Future Junior Lien Loan for Other Capital [d] 233,628

$2,567,412
__________
[a]  Amounts derived from Table 3, which includes two (2) pages of existing and projected debt service payments.

[b]  The Proposed Project debt service costs are estimated based on the following:

ION Exchange Project Costs $1,904,733
Less 20% Assumed Debt Forgiveness (380,947)
Plus Financing Costs and Capitalized Interest 50,547

Total Principal Amount Borrowed (Rounded) $1,575,000
Term (Years) 20
Rate (%) 2.5%

Total Annual Payment $101,032

[c]  The Proposed Project debt service costs are estimated based on the following:

Engineering & Design Phases 1 & 2 R.O. Project Costs $768,375
Plus Financing Costs and Capitalized Interest 25,505

Total Principal Amount Borrowed (Rounded) $795,000
Term (Years) 20
Rate (%) 2.5%

Total Annual Payment $50,997

[d] Amounts included as a component of funding the total capital plan included in the updated rate study, but which are not 
directly associated with this application and may not be issued as planned.

Prepared on: May 9, 2018
Prepared by: Public Resources Management Group, Inc.
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CITY OF STUART, FLORIDA

RECONCILIATION OF NET INCOME TO AUDITED FINANCIAL STATEMENTS

Line
No. Description FY 2016 FY 2017

1 Net Income (Line 51) [1] ($1,218,226) $430,783

2 Plus Capital Improvements [1] 4,270,353 2,093,775
3 Plus Principal & Interest Payments [1] 1,773,162 2,041,634
4 Sub-total 4,825,289 4,566,191

5 Less Depreciation Expense [2] (2,482,277) (2,604,847)
6 Less Interest and Amortization Expenses [2] (864,584) (858,424)
7 Adjustment Due to Rounding 3 (3)
8 Net Income $1,478,431 $1,102,917

9 Change in Net Position [2] $1,478,431 $1,102,917

Notes:
[1] Amounts derived from Table 2, which were based on reports provided by the City.

[2] Amounts reconcile to the Audited Financial Statements on pages 22 and 21 of the 
Fiscal Year 2016 and 2017 Audits, respectively.

Prepared on: May 9, 2018
Prepared by: Public Resources Management Group, Inc.
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Identify Each Obligation Coverage Insured?
#1
#2
#3
#4
#5

Fiscal 
Year #1 #2 #3 #4 #5

Total 
Debt 

Service

Total Debt 
Service 

Incl. 
Coverage

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Annual Debt Service (Principal Plus Interest)

Table 3
SCHEDULE OF PRIOR, PARITY, AND PROJECTED LIENS

List annual debt service beginning two years before the anticipated loan agreement date and 
continuing at least fifteen fiscal years.  Include all existing and projected liens on the system. 
Use additional pages as necessary.

PLEASE REFER TO THE 
ATTACHED TABLE 

PLEASE REFER TO THE ATTACHED TABLE 
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CITY OF STUART, FLORIDA

SCHEDULE OF EXISTING PRIOR AND PARITY LIENS

Identify Each Obligation [1] Coverage Insured?

#1 Revenue Refunding and Improvement Bonds, Series 2003 110% Yes

#2 Subordinate Lien Public Utilities Revenue Refunding Note, Series 2006 100% No

#3 Subordinate Lien Public Utilities Revenue Refunding Note, Series 2007 100% No

#4 Subordinate Lien Public Utilities Revenue Refunding Note, Series 2011 (Refunded Series 2007B) 100% No

#5 Existing SRF Loan - WW 430400 - Reclaimed Water Transmission Main 115% No

#6 Existing SRF Loan - DW 430410 - Water Distribution Replacements and Meters 115% 1st Pmt. Dec. 2016 No

Total Total Debt
Fiscal Debt Service Including
Year Annual Debt Service (Principal + Interest) Service Coverage

#1 #2 #3 #4 #5 #6

2016 $468,290.00 $343,154.02 $315,713.32 $379,333.62 $178,054.30 88,617.00 $1,773,162.26 $1,859,991.96

2017 469,800.00 343,393.25 315,700.82 380,217.36 178,054.30 354,468.00 2,041,633.73 2,168,492.08

2018 0.00 343,429.65 780,386.82 379,916.84 178,054.30 354,468.00 2,036,255.61 2,116,133.96

2019 0.00 342,425.90 785,937.69 379,455.12 178,054.30 354,468.00 2,040,341.01 2,120,219.36

2020 0.00 343,289.06 785,079.62 379,832.20 178,054.30 354,468.00 2,040,723.18 2,120,601.53

2021 0.00 343,378.25 783,082.94 379,025.02 178,054.30 354,468.00 2,038,008.51 2,117,886.86

2022 0.00 343,254.05 778,882.63 379,056.64 178,054.30 354,468.00 2,033,715.62 2,113,593.97

2023 0.00 948,089.70 178,902.13 379,904.02 178,054.30 354,468.00 2,039,418.15 2,119,296.50

2024 0.00 946,382.38 179,040.96 379,544.14 178,054.30 354,468.00 2,037,489.78 2,117,368.13

2025 0.00 278,175.75 1,144,245.13 0.00 178,054.30 354,468.00 1,954,943.18 2,034,821.53

2026 0.00 277,493.20 1,147,250.25 0.00 178,054.30 354,468.00 1,957,265.75 2,037,144.10

2027 0.00 277,810.65 1,142,489.69 0.00 178,054.30 354,468.00 1,952,822.64 2,032,700.99

2028 0.00 277,797.78 1,146,333.68 0.00 178,054.30 354,468.00 1,956,653.76 2,036,532.11

2029 0.00 1,447,365.25 0.00 0.00 178,054.30 354,468.00 1,979,887.55 2,059,765.90

2030 0.00 1,445,626.90 0.00 0.00 178,054.30 354,468.00 1,978,149.20 2,058,027.55

2031 0.00 1,446,041.65 0.00 0.00 89,026.98 354,468.00 1,889,536.63 1,956,060.88

2032 0.00 1,443,748.76 0.00 0.00 0.00 354,468.00 1,798,216.76 1,851,386.96

2033 0.00 1,447,888.80 0.00 0.00 0.00 354,468.00 1,802,356.80 1,855,527.00

2034 0.00 0.00 0.00 0.00 0.00 354,468.00 354,468.00 407,638.20

2035 0.00 0.00 0.00 0.00 0.00 354,468.00 354,468.00 407,638.20

2036 0.00 0.00 0.00 0.00 0.00 265,851.00 265,851.00 305,728.65

2037 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2038 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Footnotes:
[1] Amounts derived from the actual loan payment schedules provided by the City.  Amounts reflect the estimated sinking fund payments required in each Fiscal Year.

List annual debt service beginning two years before the anticipated loan agreement date and continuing at least fifteen fiscal years. Include all existing and projected liens on the system. Use 
additional pages as necessary.

Prepared on: May 9, 2018
Prepared by: Public Resources Management Group, Inc.
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CITY OF STUART, FLORIDA

SCHEDULE OF PROJECTED PARITY LIENS

Identify Each Obligation Coverage Insured?

#7 Proposed SRF Loan 1 (ION Exchange) [1] 115% No

#8 Proposed SRF Loan 2 (Eng. & Design Phases 1 & 2 R.O. Project) [1] 115% No

#9 Future SRF Loan R.O. Phases 1-3 [2] 115% No

#10 Future Junior Lien Loan Sewer Expansion [2] 115% No

#11 Future Junior Lien Loan for Other Capital [2] 115% No

Total Total Debt
Fiscal Debt Service Including
Year Annual Debt Service (Principal + Interest) Service Coverage

#7 #8 #9 #10 #11 #12

2016 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

2017 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2018 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2019 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2020 101,031.73 50,996.97 0.00 141,031.82 233,628.48 0.00 526,689.00 605,692.35

2021 101,031.73 50,996.97 560,325.17 141,031.82 233,628.48 0.00 1,087,014.17 1,250,066.29

2022 101,031.73 50,996.97 560,325.17 141,031.82 233,628.48 0.00 1,087,014.17 1,250,066.29

2023 101,031.73 50,996.97 560,325.17 141,031.82 233,628.48 0.00 1,087,014.17 1,250,066.29

2024 101,031.73 50,996.97 560,325.17 141,031.82 233,628.48 0.00 1,087,014.17 1,250,066.29

2025 101,031.73 50,996.97 560,325.17 141,031.82 233,628.48 0.00 1,087,014.17 1,250,066.29

2026 101,031.73 50,996.97 560,325.17 141,031.82 233,628.48 0.00 1,087,014.17 1,250,066.29

2027 101,031.73 50,996.97 560,325.17 141,031.82 233,628.48 0.00 1,087,014.17 1,250,066.29

2028 101,031.73 50,996.97 560,325.17 0.00 0.00 0.00 712,353.86 819,206.94

2029 101,031.73 50,996.97 560,325.17 0.00 0.00 0.00 712,353.86 819,206.94

2030 101,031.73 50,996.97 560,325.17 0.00 0.00 0.00 712,353.86 819,206.94

2031 101,031.73 50,996.97 560,325.17 0.00 0.00 0.00 712,353.86 819,206.94

2032 101,031.73 50,996.97 560,325.17 0.00 0.00 0.00 712,353.86 819,206.94

2033 101,031.73 50,996.97 560,325.17 0.00 0.00 0.00 712,353.86 819,206.94

2034 101,031.73 50,996.97 560,325.17 0.00 0.00 0.00 712,353.86 819,206.94

2035 101,031.73 50,996.97 560,325.17 0.00 0.00 0.00 712,353.86 819,206.94

2036 101,031.73 50,996.97 560,325.17 0.00 0.00 0.00 712,353.86 819,206.94

2037 101,031.73 50,996.97 560,325.17 0.00 0.00 0.00 712,353.86 819,206.94

2038 101,031.73 50,996.97 560,325.17 0.00 0.00 0.00 712,353.86 819,206.94

Footnotes:
[1]  Please refer to Footnote 4 of Table 2 for a description of the Proposed Project Costs and Debt Service Assumptions.

[2] Amounts included as a component of funding the total capital plan included in the updated rate study, but which are not 
directly associated with this application and may not be issued as planned.

List annual debt service beginning two years before the anticipated loan agreement date and continuing at least fifteen fiscal years. Include all existing and projected liens on the system. Use 
additional pages as necessary.

Prepared on: May 9, 2018
Prepared by: Public Resources Management Group, Inc.



11 

SCHEDULE OF PRIOR, PARITY, OR PROJECTED REVENUES AND DEBT 
COVERAGE FOR RATE-BASED SYSTEM PLEDGED REVENUE 

 
(Provide information beginning with the two fiscal years preceding the anticipated date of the first SRF 
loan repayment.) 

 
  

FY       FY       FY       FY       FY      
(a) Net Operating Revenues. 

(Table 2 line 36)                                   
(b) Debt Service (including required 

coverage) pledged to all prior, 
parity, or projected projects (last 
column of Table 3). 

                                  

(c) Net Revenue (= a – b) 
                                  

 
(d) Attach audited annual financial report(s), or pages thereof, and any other documentation 

necessary to support the above information.  Include any notes or comments from the audit 
reports regarding compliance with covenants of debt obligations having a prior or parity lien 
on the revenues pledged for repayment of the SRF loan.  (Attachment #      ) 

 
(e) Attach worksheets reconciling this page with the appropriate financial statements (for 

example, backing out depreciation and interest payments from operating expenses).  
(Attachment #      ) 

 
(f) If the net revenues were not sufficient to satisfy the debt service and coverage requirement, 

please explain what corrective action was taken.   (Attachment #     ) 
 
 
(k) Identify the source of the above information and explain methods used to develop the 

projections (Attachment #      ).  Include an explanation of any revenue and expense 
growth or other adjustments; for example, any rate increases, service growth, inflation 
adjustments, expense adjustments reflecting the cost of operating additional facilities, or 
other considerations. 
 

LIST OF ATTACHMENTS (use additional sheets if necessary) 

Attachment  Number 
             
             
             
             
             
             
             

PLEASE REFER TO THE 
ATTACHED TABLE 



Page 1 of 1TABLE 4
CITY OF STUART, FLORIDA

SCHEDULE OF PRIOR, PARITY, OR PROJECTED REVENUES AND DEBT
COVERAGE FOR RATE-BASED SYSTEM PLEDGED REVENUE [1]

(Provide information beginning with the two fiscal years preceding the anticipated date of the first SRF loan repayment.)

SRF Project
Audited 2016 Audited 2017 Projected 2018 Projected 2019 Projected 2020 FY 2020

(a) Net Operating Revenues (Table 2 line 36) $5,082,707 $4,381,961 $4,584,045 $5,152,856 $5,637,482 $5,637,482

(b) Debt Service (including required coverage) pledged to
all prior, parity, or projected projects (last column of Table 3)

Existing Prior and Parity Debt (including Coverage) $1,859,992 $2,168,492 $2,116,134 $2,120,219 $2,120,602 $2,120,602 [2]
Proposed SRF Loan 1 (ION Exchange) (including coverage) 0 0 0 0 0 116,186 [3]
Proposed SRF Loan 2 (Eng. & Design Phases 1 & 2 of R.O. 
Project) (including coverage) 0 0 0 0 0 58,647 [3]
Future Junior Lien Loans (including coverage) 0 0 0 0 0 430,859 [4]

Total Debt Service (including required coverage) $1,859,992 $2,168,492 $2,116,134 $2,120,219 $2,120,602 $2,726,294

(c) Net Revenue (= a - b) $3,222,715 $2,213,469 $2,467,911 $3,032,636 $3,516,880 $2,911,188

(d) Attach audited annual financial report(s), or pages thereof, and any other documentation necessary to support the above information.  Include any notes or comments
from the audit reports regarding compliance with covenants of debt obligations having a prior or parity lien on the revenues pledged for repayment of the SRF loan.
(Please refer to Tables 1 through 3 included in this application and Attachment A that Reconciles the information to the Audited Financial Statements.)

(e) Attach worksheets reconciling this page with the appropriate financial statements (for example, backing out depreciation and interest payments from operating expenses).
(Please see Attachment A that reconciles Table 2 to the Audited Financial Statements)

(f) If the net revenues were not sufficient to satisfy the debt service and coverage requirement, please explain what corrective action was taken.
(Net Revenues have been and are projected to be fully adequate over the projection period, including the Proposed SRF Loans 1 and 2 and any future 
borrowings currently assumed, but which are not a component of this application and may not be issued as planned.)

(g) Identify the source of the above information and explain methods used to develop the projections. Include an explanation of any revenue and 
expense growth or other adjustments; for example, any rate increases, service growth, inflation adjustments, expense adjustments reflecting the 
cost of operating additional facilities, or other considerations.
(All study assumptions are discussed within Tables 1 through 3 included with this application.)

Footnotes:
[1] Amounts derived from Table 2 and Table 3 of this application.  Table 2 was reconciled to the Audited Fiscal Year 2016 and 2017 Financial Statements 

as shown in Attachment A.

[2] Existing debt service amounts and coverage derived from Table 3, Page 1 of 2.

[3] The Proposed Project debt service amounts and coverage derived from Table 3, Page 2 of 2.  For a detailed description of the Project Costs and debt 
service assumptions, please refer to Footnote 4 of Table 2.

[4] The Future debt service amounts and coverage derived from Table 3, Page 2 of 2.  Amounts included as a component of funding the total capital plan 
included in the updated rate study, but which are not directly associated with this application and may not be issued as planned.

LIST OF ATTACHMENTS (use additional sheets if necessary)
Attachment Number

Attachment A - Reconciliation of Actual to Audit Results
Attachment B - Updated Rate Study Tables (Available upon request) [*] Tables 1-19
[*] Updated Rate Study Tables were used to develop Tables 1-A and 1-B included in this application.

Prepared on: May 9, 2018
Prepared by: Public Resources Management Group, Inc.
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TECHNICAL:  Accurate answers to the following questions will help identify the technical strengths as well 
as areas that may need improving within your system.  If a question or section does not apply to your system, 
please write N/A for not applicable. For questions that ask you to rate your system from 1 to 5, answer 1 for 
worst case scenario and answer 5 for the best case scenario. 
 
• System has current and accurate data showing average and peak gpd used  Yes  No  
• System’s capacity exceeds peak demand by more than 20% (Percentage  -30%) Yes  No  
• System can meet peak demand without pumping at peak capacity for  
 extended periods.         Yes  No  
• System has an emergency plan in place to meet system demand during a  
 shortage (natural disaster or largest pump/well out, etc.)    Yes  No  
• System has accurate records indicating types and percentage of customers use:  Yes  No  
 Residential 85% Commercial 10% Industrial 4% Dedicated Irrigation Meter 1% 
• System has comprehensive water loss program that compares amount of water 
 produced (plant meter) with total delivered through metered and unmetered  
 service connections (system’s unaccounted for water is 7.68 %)   Yes  No  
 
Purchase Water Systems NA  
 
System has a written agreement with the supplier that: 
• ensures adequate supply of water during shortage conditions,     Yes  No  
• does not require the purchase of a minimum amount of water (water is 

supplied through a meter),          Yes  No  
• assures supplying water system will remain in compliance with the appropriate  
 State or federal regulations, and         Yes  No  
• assures purchasing system will be notified of any water quality issues.  Yes  No   
 
Surface Water Systems and Systems Using Ground Water Under the Influence of Surface Water NA  
 
• System has redundancy for all critical treatment components 1 2 3 4 5 
• System monitors raw, settled, and individual filtered water turbidity 1 2 3 4 5 
• System consistently (95% of the time) has a filtered water turbidity of      %, 
 which is within the current standard of .3 NTU 1 2 3 4 5 
• System has the capability to add coagulant before the filter and disinfect at  
 various points in the treatment process 1 2 3 4 5 
• System is evaluating (or has evaluated) changes necessary to meet the  
 Enhanced Surface Water Treatment Rule 1 2 3 4 5 

Some needed changes are:       
      

• System is evaluating (or has evaluated) changes needed to meet requirements  
 in the Disinfection By Products Rule 1 2 3 4 5 

Some planned modifications are:       
      

 
Ground Water System NA  
 
• A minimum of two sources of groundwater are provided    Yes  No  
• Source water protection area provides a minimum 500 foot radius around each 
 drinking water  well         Yes  No  
• Groundwater source capacity equals or exceeds the design maximum day demand 

and equals or exceeds the design average day demand with the largest producing 
well out of service         Yes  No  

• System monitors raw water quality to determine appropriate treatment 1 2 3 4 5 
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• System’s well(s) have; air/vacuum relief valve, check valve, blow-off, by-pass, meter, 
 working sanitary seal, construction/maintenance records and are properly vented 1 2 3 4 5 
• System routinely monitors drawdown 1 2 3 4 5 
 
Disinfection 
 
• System has adequate contact time of 278 minutes following disinfection and 
 before the first user in the distribution system      Yes  No  
• Disinfection equipment is regularly inspected and maintained     Yes  No  
• A chlorine residual is maintained throughout the distribution system 1 2 3 4 5 
 
Distribution System 
 
• System has accurate information, including age, for pipe materials that  
 currently make up the distribution system 1 2 3 4 5 
• Water mains providing fire protection are a minimum of 6-inches in diameter  Yes  No  
• System is free of severe “water hammer” problems 1 2 3 4 5 
• System tracks ranges of operating pressure, especially during peak demand 1 2 3 4 5 
• System maintains a minimum operating pressure of 20 psi Yes  No  
• Normal operating pressure is kept between 40 and 100 psi  1 2 3 4 5 
• System has a routine leak detection program that uses (type of equipment) N/A,  
 repairs identified leaks quickly, and keeps water loss in the distribution system  
 below 10%. Average number of leak repairs per year is 50 1 2 3 4 5 
• System has a cross connection control program in place that addresses:  

evaluation of each service connection, installation of specified backflow  
 preventer, training, record keeping, annual testing, and education  1 2 3 4 5 
• System is working to eliminate dead ends in the mains 1 2 3 4 5 
• System has a flushing program that operates 365 times a year 1 2 3 4 5 
• System has a map showing the bacteriological, lead and copper, and 
 TTHM (if applicable) sampling points 1 2 3 4 5 
• System has accurate “as-built” maps of the distribution system posted that show: 

location of sources (or intakes), size of mains, dead end mains, valves, curb stops 
 on service lines, and proximity of mains to other utilities (gas, electric, etc.) 1 2 3 4 5 
• System has a routine valve exercise program 1 2 3 4 5 
• All customers are metered and all meters are routinely calibrated 1 2 3 4 5 
• Customer complaints are relatively infrequent 1 2 3 4 5 
 List number of complaints in the past year: 2. 
 
Pumping 
 
• System has a pump maintenance program that includes annual inspection, scheduling  
 of repair, and routine maintenance that is conducted by a qualified contractor 1 2 3 4 5 
• System has standby or emergency power equipment that is routinely tested  
 under load and can provide 100% of the average daily demand for 6 days 1 2 3 4 5 
 
Storage  
 
• System is able to meet peak demand without the high service pumps running 
 at peak capacity for extended period 1 2 3 4 5 
• System has adequate reserve capacity for fire protection. 1 2 3 4 5 
 Total storage capacity of the system is 3 million   gals 
• System’s 3 storage tanks receive routine inspection (every 3-5 years) to 
 determine and schedule any needed maintenance 1 2 3 4 5 
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• All storage tanks are equipped with an altitude valve to prevent overflowing and 
 are sized appropriately to ensure adequate turnover and no loss of water quality 1 2 3 4 5 
• Storage tanks are covered and the surrounding areas are fenced 1 2 3 4 5 
• Storage tanks have a drain valve and an entry hatch to allow access for  
 cleaning and painting of the interior of the tank 1 2 3 4 5 
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MANAGERIAL: Answering the next set of question will help the system clearly define responsible parties, 
staffing needs, operational needs, policies, and internal standard that guide system performance. For questions 
that ask you to rate your system from 1 to 5, answer 1 for worst case scenario and answer 5 for the best case 
scenario. 
 
• System has a current organizational chart and accompanying position  
 descriptions that clearly define responsibilities of staff members 1 2 3 4 5 
• The plant is a category I plant operating 24 hours per day. 
 
List names, class, and license numbers for all operators fulfilling staffing requirements: 
 
Mike Woodside - A - 12938, James Allen – B- 17164, H. Bobby Kindel - A - 13408, 
Marti Meehan - A - 16158, Scott Earl - C - 4749, Marvin Dyall- C -24464, Alexandre Canali- C- 20512 

 
• System is satisfied with service provided by contract operator(s) NA 1 2 3 4 5 
• The operator’s authority and responsibilities are clearly defined 1 2 3 4 5 
 

Policies and Plans:  Please indicate with a check mark the items for which the water system has written policies 
or plans. 

   standard specifications    connection policies   main extension policies  
  bacteriological sampling plan   emergency operation plan   Lead & Copper sample plan 
  cross connection control plan   record management plan    TTHM  
  general rules   disconnection policy   public education & outreach 
  disaster response plan   personnel policy   Safety/Risk Management Policy 

 
• Based on the answers above the system has: clear organizational structure, 
 defined staffing requirements, and appropriate rules/policies 1 2 3 4 5 
 
Operations and Maintenance:  The items that follow are elements that may be contained in a thorough 
Operations and Maintenance (O&M) manual.  A complete O&M manual is useful as a quick reference for 
anything from trouble shooting to emergency procedures.  Please indicate with a check mark those items 
contained in the system’s O&M manual. 
 
Introduction and Overview 

  System name   System ID#    location 
  design flow capacity   type of treatment   water source 
  available training   publications available 
  Statement of the purpose of the manual and relay to the operator how to best obtain pertinent 
information 

  organizational chart (note which activities require qualified and licensed/certified personnel) 
 
General System Description 
   a flow schematic (source to distribution) 
   pumping capabilities (source, chemicals, and high service) 
   storage (raw, finished water, and chemicals) 
   system map showing location of all wells, intake structures, pumping stations, storage tanks, and the 

defined service area 
 
System Operation and Control 
   identification of major system components including a description of the normal operation of each 

component  
   possible alternative operation modes and circumstances under which they would be used  
   schematic diagrams of each treatment process 
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   preventative maintenance program (include inspections performed when the facility is off-line) 
   common operating problems with methods of bypassing while being repaired 
   importance of and how to use laboratory tests for process control 
   routine system operation for each major system component this should include startup and shutdown 

procedures, safety procedures, and meter reading  
   evaluation of overall system performance 
 
Laboratory Testing  
   identification of  samples and tests needed for compliance as well as for process control.  
   sampling locations, time, and methods 
   how to interpret laboratory results and the use of these results to improve the process 
   what should be in laboratory supply and chemicals inventory 
   list of laboratory references; 
   instructions for filling out worksheets for a sample (include completed example) 
   for tests to be performed by outside laboratories, the name of the laboratory, contact person, telephone 

number, and method of requesting sample pick-up or schedule for sample pick-up 
 
Records and Reports Section 
   a general explanation of the purpose and importance of accurate records and reports 
   a log of complaints and responses 
   daily logs, maintenance records, laboratory records, monthly reports, monitoring reports, sanitary 

surveys, annual reports, operating cost reports, and accident reports. 
   historical records (permits, standards, pumping capacity, consumption, and drawdown) 
   list of equipment warranties and provisions 
   specific area for filing records 
   procedures for reporting to appropriate agencies (specify how long records should be kept) 
 
Maintenance 
   general information including purpose and value of scheduled and preventative maintenance 
   preventative maintenance schedule and sample worksheets with instructions  
   specifications for fuels, lubricants, filters, etc. for equipment 
   troubleshooting charts or guides which reference pages in manufacturers' O&M manual or system’s 

O&M manual as appropriate 
   a record of data plate information on each piece of equipment maintained, this should include 

manufacturers' maintenance schedule for routine adjustments 
   a work order system for maintenance of equipment with sample forms to accurately track O&M costs 

for each piece of equipment 
   brief operation instructions for each piece of equipment with reference to the manufacturers’ technical 

specifications for major system components 
   a mechanism for storage and check out of specialized equipment used infrequently 
   list of outside contract maintenance tasks 
   contact person and phone numbers for equipment manufacturers, major suppliers, and all utilities 

serving the system 
   list of special tools used and how to replace  
   stocks of spare parts, supplies, chemicals and other items vital to system operation 
   a system of requisitions and/or work orders used to distribute parts, supplies, chemicals, etc. for reorder 

purposes 
 
Emergency Response Program  
   pre-response activity such as; personnel assignments, emergency equipment inventory, filling a storage 

tank before a storm hits, copies of all emergency numbers.  Laminated copy of phone numbers to keep 
readily accessible should include water system personnel responsible for making decisions in specific 
situations; including name, job title, home and work phone number (pager/cell phone number if 
available), police, fire departments, and for chemical spills or exposure CHEMTECH 800-424-9300. 
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   safety procedures for all personnel involved in the response 
   a contingency plan to ensure proper treatment of water even in adverse conditions which may include 

agreements with nearby water systems for equipment or personnel  
   procedures for putting standby and emergency sources into active service 
   procedures for notifying customers, the local health jurisdiction, and EPA of water quality problems 
   systematic procedure for returning to normal operation 
 
Appendix      

The appendix can contain documents and other information that cannot be easily incorporated into the 
body of the manual.  Large documents such as copies of plans and specifications may be stored 
separately from the main manual.  The following list has examples of items that might be included in 
appendices.  Please check all that apply to your O&M Manual. 

  Detailed design criteria   User Charge System   Approved shop drawings 
  Schematics   Piping color codes   Valve indices or schedule 
  As-built drawings   Drinking water rules/Ordinance   Manufacturers' manuals 

 
• Based on the answers above please rate the system’s current O&M Manual. 1 2 3 4 5 
 
The last set of questions is designed to help you evaluate the systems’ source(s).  Please read the item then circle 
the number from 1 (needs improving) to 5 (top notch) that you feel best describes your systems’ current status 
relative to that item or check boxes as appropriate. 
 
• System has an active Source Water Assessment Program 1 2 3 4 5 
 
For Ground Water Systems: 
• System has accurate historical information (like well driller’s log  
 and construction records) for each well 1 2 3 4 5 
• Well(s) have the "zone of contribution” identified on a map 1 2 3 4 5 
• No storage of potential contaminants in close proximity of well(s) 1 2 3 4 5 
• Well(s) are housed and fenced and have an appropriate concrete pad 1 2 3 4 5 
• Well casing(s) extend at least 12" above floor or ground 1 2 3 4 5 
  Name of aquifer is known:   Yes   No 
  Aquifer is: Surficial    Confined   Unconfined 
 
For Surface Water Systems: 
• Commercial, industrial, or agricultural operations up stream are identified 1 2 3 4 5 
• System has provided a contact to these facilities in case of an accidental release 1 2 3 4 5 
• System performs up stream monitoring 1 2 3 4 5 
• System has a raw water reservoir of       gallons that acts as a buffer 1 2 3 4 5 

 
Overall: 
• System has adequate knowledge and program activity to protect and 
 ensure an adequate supply of drinking water 10 years into the future 1 2 3 4 5 
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Appendix E Sanitary Survey 
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1. Project Description 

1.1 City Has Decided to Invest in Alternative Water Supply 

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). The City treats raw water from the surficial aquifer system 
(SAS). 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. Wells PW-1, PW-3 and PW-5 are also temporarily 
inactive due to perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) contamination. 

The WTP treats water via conventional lime softening technology. The finished water complies with all 
water quality standards. The WTP also includes air stripping to remove volatile organic compounds 
(VOCs) to achieve compliance with water quality standards.  The City plans to construct an anion-
exchange treatment train to remove PFOA and PFOS contamination. The anion-exchange system is 
anticipated to become operational in 2019. 

The SAS has been the City’s water source for many years. Certain factors 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 City has 
implemented treatment barriers and monitoring plans that provide its customers with drinking water that 
meet all current regulations.  

Due to the ongoing threats to the existing water supply and potential for more stringent future drinking 
water regulations, the City desires to diversify its supply options by investing in the Floridan Aquifer 
System (FAS) as an alternate water supply (AWS). As a result, the City retained Hazen and Sawyer 
(Hazen) to evaluate FAS AWS alternatives and plan the recommended alternative. A series of technical 
memorandum (TM) are being prepared that document the findings of the evaluation and plan the 
recommended FAS AWS alternative. 

1.2 Purpose of this Technical Memorandum 

The purpose of this TM is summarized as follows: 

1. Define the evaluated AWS alternatives  

2. Present current raw water quality data for the AWS alternatives and document assumptions 
relative to water quality deterioration over time 

3. Perform a preliminary screening of the AWS alternatives and discard alternatives deemed not 
feasible 

4. Document design criteria for feasible AWS alternatives  

5. Conceptually plan the AWS water supply, RO treatment facilities and concentrate disposal 

6. Prepare cost opinions for the AWS facilities 
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2. Floridan Aquifer System Overview 

2.1 Investing in the FAS Would Diversify the City’s Water Supply 

Traditionally, the SAS has been the water source for the upper east coast of Florida, which includes the 
City of Stuart. The SAS is an unconfined to semi-confined aquifer with a thickness that varies from 50 to 
250 feet, the City’s production wells vary in depth from 117 to 135 feet. The SAS consists of three 
hydrogeological zones: surficial sands, primary water producing zone, and a deeper less permeable zone. 
This aquifer is recharged by rainfall and local surface water bodies and the water produced mainly fresh 
(i.e. low chloride concentration) and high in hardness.  

The SAS provides the City a source of fresh water that is treated via lime softening and filtration. Based 
on population forecasts and water demand forecasts, the City’s existing SAS water supply is sufficient to 
meet demand through the year 2040, subject to permit renewal due in 2029. The continued use of the SAS 
is feasible under existing water quality regulations. It is noted that the SFWMD identifies the SAS as a 
limited water supply (SFWMD, 2016). However, other issues have driven the City to assess the feasibility 
of diversifying its supply by investing in the FAS as an AWS, as described below. 

The City’s existing SAS wells withdrawal rates are limited due to the potential for wetland impacts, 
potential for saltwater intrusion, and ongoing contamination challenges. The City has successfully 
addressed all challenges associated with wetland impacts, potential for saltwater intrusion, and 
contamination in the SAS. The City produces water that complies with all regulatory requirements. Due 
to the ongoing threats to the existing water supply and potential for more stringent future drinking water 
regulations, the City desires to diversify its supply by investing in the FAS as an AWS. 

Due to contamination and potential for saltwater intrusion concerns, the City is proactively planning to 
phase in RO facilities as describe in TM 3. The phasing of the RO facilities is presented in Table 2-1. The 
total build-out finished water capacity would be 3.0 mgd. 

Table 2-1: Reverse Osmosis Treatment Facility Assumptions 

Phase Incremental Finished 
Water Capacity (mgd) Year On-Line 

1 1.0 2022 

2 1.0 2027 

3 1.0 2032 

The FAS is composed of the Upper Floridan Aquifer (UFA) and the Lower Floridan Aquifer (LFA). In 
the study area, the Upper Permeable Zone (UPZ) and the Avon Park Permeable Zone (APPZ) compose 
the UFA. The following sections provide an overview of key characteristics of the FAS.  
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2.2 Hydrogeological Cross Section  

Figure 2-1 illustrates a generalized hydrogeologic cross section of the FAS near the City of Stuart. The 
figure illustrates three potential water supply zones are as follows: 

• Upper Floridan Aquifer Upper Permeable Zone (UPZ) 

• Upper Floridan Aquifer Avon Park Permeable Zone (APPZ) 

• Lower Floridan Aquifer Uppermost Permeable Zone (LFA) 

 

Figure 2-1: Hydrogeologic Cross Section 
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2.3 FAS Hydrogeological Nomenclature  

This TM uses the hydrogeological nomenclature established the Upper East Coast Water Supply Plan 
2016 Update (SFWMD, 2016), which is based on the United States Geological Survey (USGS) 
Professional Paper 1807 (Williams & Kuniansky, Revised March 2016) and discussions among water 
management districts.  The information listed below is specific to the Stuart area and is provided for 
informational purposes for groundwater modeling and permit review stakeholders: 

1. The East Coast Floridan Model (ECFM) uses the nomenclature developed by Reese and 
Richardson, who identified and mapped the Avon Park Permeable Zone (APPZ). (Reese 
& Richardson, 2008).  

2. The Ocala-Avon Low Permeability Zone (OCAPLPZ) illustrated in Figure 2-1 is roughly 
equivalent to the MC1 of Reese and Richardson (2008). 

3. The middle confining (MC) unit illustrated in Figure 2-1 is roughly equivalent to the MC2 of 
Reese and Richardson (2008).  

2.4 Upper Floridan Aquifer Upper Permeable Zone 

The UPZ occurs at approximately 700 to 1,000 feet below land surface in St. Lucie / Martin Counties. 
Water from this aquifer is brackish. Since there are no UPZ wells in the City of Stuart, data from nearby 
UPZ water supply wells were used to estimate the depth of the proposed UPZ wells in the City of Stuart. 
The UPZ, generally, has better water quality than deeper aquifers within the UFA; as a result, water from 
the UPZ is used for irrigation and agriculture within the Upper East Coast areas (SFWMD, 2016).  When 
used as a drinking water source, RO treatment is required to achieve drinking water standards.  

2.5 Upper Floridan Aquifer Avon Park Permeable Zone 

The APPZ occurs at approximately 1,100 to 1,500 feet below land surface in St. Lucie / Martin Counties. 
Since there are no APPZ wells of this type in the City of Stuart, data from Martin County APPZ water 
supply wells were used to estimate the depth of similar wells in the City of Stuart. The location of the 
APPZ can vary significantly between adjacent wells from approximately 200 to 300 feet. 

Water from this aquifer is brackish to saline and its productivity is significantly higher than the SAS. Due 
to the brackish nature of the water produced in this aquifer, treatment processes such as RO are required 
to achieve drinking water standards.  

2.6 Lower Floridan Aquifer 

The LFA occurs at approximately 2,000 to 2,100 feet below land surface in St. Lucie / Martin Counties.  
This aquifer consists of a series of permeable zones separated by semi-confining units. This aquifer 
produces water with high chloride concentrations. Therefore, like the UFA, membrane treatment such as 
RO is required to achieve drinking water standards.  No public water supplier is currently using the LFA. 
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3. Alternative Water Supply Alternatives 

3.1 Introduction 

This section briefly summarizes the alternative water supply (AWS) alternatives that are evaluated in this 
TM. 

3.2 Alternative 1: Replace lime softening plant with nanofiltration treatment 
and add Floridan Aquifer wells and reverse osmosis treatment   

This alternative evaluates the use of the existing surficial aquifer system (SAS) wellfield and the 
replacement of the existing lime softening water treatment plant (WTP) with nanofiltration treatment. The 
proposed nanofiltration treatment facility would be in the athletic park located west of the existing WTP. 
Additionally, raw water from the surficial aquifer wellfield will be supplemented with raw water from the 
Floridan Aquifer System (FAS), which will then be treated with reverse osmosis (RO) treatment. 

3.3 Alternative 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   

This alternative evaluates the continued use of the existing SAS wellfield and the existing lime softening 
WTP. The raw water from the surficial aquifer wellfield will be supplemented with raw water from the 
Upper Permeable Zone (UPZ) within the Upper Floridan Aquifer, which requires RO treatment. 

3.4 Alternative 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 

This alternative evaluates the continued use of the existing SAS wellfield and the existing lime softening 
WTP. The raw water from the surficial aquifer wellfield will be supplemented with raw water from the 
Avon Park permeable zone (APPZ) within the Upper Floridan Aquifer, which requires RO treatment. 

3.5 Alternative 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 

This alternative evaluates the continued use of the existing SAS wellfield and the existing lime softening 
WTP. The raw water from the surficial aquifer wellfield will be supplemented with raw water from the 
Lower Floridan Aquifer (LFA), which requires RO treatment. 
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4. Floridan Aquifer System Water Quality 

4.1 Introduction 

Chemical, physical, and biological characterization of Floridan Aquifer System (FAS) wells within the 
limits of the City is not available. Consequently, preliminary raw water quality data was obtained based 
on data from wells nearby the City. The following sections summarize these data.  

4.2 Current Floridan Aquifer Water Quality 

Table 4-1 summarizes key water quality parameters – based on data from nearby wells – for the FAS 
under current conditions or Year 0.  

Table 4-1: Floridan Aquifer System Water Quality – Current Conditions (Year 0) 

Parameter UPZ(1) APPZ(2) 
LFA(3) 

Approx. 1,800’ 
Depth 

Approx. 1,900’ 
Depth 

Depth (ft) 810 1,370 1,765 – 1,808 1,900 - 1,950 

pH 7.50 – 7.90 7.70 – 7.90 8.90 7.70 
Total Dissolved 
Solids (TDS) (mg/L) 3,000 – 5,000(4) 5,700 – 6,400 4,850 24,100 

Conductivity (mg/L) 4,400 – 4,600 6,600 – 7,900  6,700 34,400 

Sodium (mg/L) 600 - 630 850 - 975 1,200 8,000 

Chlorides (mg/L) ~2,000 2,200 – 2,500 2,600 18,100 

Iron (mg/L) 0.02 – 0.05  NA 0.74 2.05 

Sulfate (mg/L) 150 – 175 280 - 290 284 1,285 

Notes: 

(1) UPZ: Upper Permeable Zone 

(2) APPZ: Avon Park Permeable Zone 

(3) LFA: Lower Floridan Aquifer 

(4) Based on the results published by the SFWMD - Simulations of the 2013 and 2040 Scenarios Using the East 
Coast Floridan Model Upper East Coast Water Supply Plan November 2015.  

The basis for the water quality data presented in the above table is described in the following subsections. 

4.2.1 Upper Permeable Zone (UPZ)  

Data from wells constructed at the depth range of 700 to 1,000 feet were used establish the UPZ water 
quality. These wells had a diameter that ranged from 4 to 8 inches. The UPZ, generally, has better water 
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quality than the APPZ in northern part of St. Lucie County. As a result, water from the UPZ in St. Lucie 
County is used for irrigation and agriculture (SFWMD, 2016).    

4.2.2 Avon Park Permeable Zone (APPZ)  

Data from Martin County and North Palm Beach County wells constructed in the depth range of 1,200 to 
1,500 feet were used to establish the APPZ water quality. The data in the above table were chosen based 
on “worst-case” water quality and proximity to the City of Stuart. 

4.2.3 Lower Floridan Aquifer (LFA)  

Currently, no LFA wells are used for public water supply in the Upper East Coast (SFWMD, 2016). 
Consequently, minimal LFA water quality data are available.  

LFA water quality was obtained from an existing dual zone monitoring well located in Fort Pierce, 
Florida. The first monitoring zone is at a depth of approximately 1,800 feet below land surface. The 
second monitoring zone is at a depth of approximately 1,900 feet below land surface. The water at 1,900 
feet is much lower quality than the water at 1,800 feet below land surface.  

Upconing of water, movement of more saline water from a lower depth into the production zone, is a 
major concern given the large increase in salinity over a short change in depth illustrated by the data 
above. Hence, it was assumed that water quality will degrade to match the LFA data at 1,900 feet as 
shown in Table 4-1. 

4.2.4 Collection of Water Quality Data During Well Construction is Recommended 

The water quality parameters reported in Table 4-1 provide a basis for planning. It is recommended that 
actual raw water quality data be collected during FAS well construction to be used as the basis for 
refining the detailed design of the membrane treatment process.  

4.3 Forecasted Floridan Aquifer Water Quality 

Table 4-2 summarizes 20-year projected water quality for key parameters for the Floridan Aquifer.  

Table 4-2: Floridan Aquifer System Water Quality – Projected Conditions (Year 20) 

Parameter UPZ APPZ LFA 

Depth 810 1,370 1,950 

pH 7.70 7.70 7.70 

TDS (mg/L) 4,400 14,700 24,100 

Conductivity (mg/L) 5,000 12,700 34,400 

Sodium (mg/L) 640 975 8,000 
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Table 4-2: Floridan Aquifer System Water Quality – Projected Conditions (Year 20) 

Parameter UPZ APPZ LFA 

Chlorides (mg/L) ~2,500 7,200 18,100 

Iron (mg/L) 0.05 NA 2.05 

Sulfate (mg/L) 220 290 1,285 

The Upper Floridan (i.e., UPZ and APPZ) water quality forecast was based on available historical data 
trends projected 20-years from current conditions. No historical data were available for the LFA. Hence, 
it was assumed that the water quality in a LFA well would degrade to match the current LFA data at 
1,900 feet as shown in Table 4-1. 

4.4 UPZ is Recommended Based on Groundwater Modeling 

Grandusky, Lamb and Associates, Inc. (GLA) prepared a groundwater model to assess changes in water 
quality over time in the UPZ and APPZ. The model findings are presented in TM 5A, 6A & 7A. GLA 
recommended UPZ wells over APPZ due deterioration of water quality in the APPZ over time. A key 
GLA finding is that total dissolved solids (TDS) may rise from 6,000 mg/L to approximately 14,000 
mg/L in the APPZ over the next 20 years. In comparison, the model results indicate that TDS may rise 
from approximately 4,000 mg/L to approximately 5,000 mg/L in the UPZ over the next 20 years. Figure 
4-1 illustrate the forecasted change in TDS over the next 20-years in the UPZ and APPZ. 

 

Based on forecasted TDS changes and other factors, GLA recommended the UPZ as the AWS for the 
City. 
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Figure 4-1: Floridan Aquifer TDS Increase with Time 
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4.5 20-Year Power Cost of Floridan Aquifer 

Based on the above water quality data, it is roughly estimated that the membrane feed pressure and 
booster pressure will range from Year 0 to Year 20 as summarized in Table 4-3. 

Table 4-3: Estimated Membrane Pressure 

Parameter 
UPZ APPZ LFA 

Current 
20-year 

Projection Current 
20-year 

Projection Current 
20-year 

Projection 

Feed Pressure (psi) 160-185 180-205 175-210 340-370 220 750 

Booster Pressure (psi) 80 80 80 80 100 100 

Note: Feed and booster pressures were calculated based on water quality assumptions and historical trends summarized in 
Sections 4.2 and 4.3. It is anticipated that variations in TDS and chloride concentrations will have a direct impact in membrane 
pressure requirements. 

Figure 4-2 illustrates the 20-year electrical power cost for operating a 1-mgd finished water capacity RO 
train treating water from the three FAS production zones. The power cost is based solely on power 
consumption associated with the membrane system feed pressure assuming continuous operation and 
change in feed pressure is assumed to occur at an equal annual rate from current to 20-year projected 
conditions. Power costs were calculated assuming a unit power cost of $0.0841/kw-h. 

The high feed pressures and power consumption rate needed for the treating the LFA, make the LFA 
undesirable when other options are feasible.   

Energy recovery devices will be used to recover energy from the membrane concentrate and to transfer 
this energy to the booster pumps. Therefore, no additional power will be required for booster pressure. 
The use of energy recovery devices will minimize power costs, these savings in cost are summarized in 

$1,857,000 
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Figure 4-2: 20-Year Power Cost for Floridan Aquifer System Water Supplies
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Figure 4-3. Power savings were calculated assuming booster pressure remains constant through 20 years 
and the plant operates continuously. 

 

4.6 Conclusions and Recommendations 

• The SFWMD reports that water in the LFA has chloride concentrations approach seawater 
(SFWMD, 2016). The LFA has higher operating and capital costs than the UPZ and APPZ.  

• The high salinity in the LFA (i.e., TDS = 24,100 mg/L) make this aquifer less desirable than the 
UPZ and the APPZ. The LFA is discarded from further evaluation in this TM.  

• The current water quality of the UPZ is less saline that the APPZ. Trends from wells owned by 
nearby utilities indicate that the water quality of the APPZ will become much more saline (i.e., 
TDS = 14,700 mg/L) than the UPZ (i.e., TDS = 4,400 mg/L) over the next twenty years. 
Groundwater modeling prepared by Grandusky, Lamb and Associates, Inc. confirmed these 
trends.  

• Based on the forecasted future TDS increase in the APPZ, the UPZ is recommended as the AWS 
for the City of Stuart. 
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5. Preliminary Screening of AWS Alternatives 

5.1 Introduction 

The purpose of this section is to present an initial screening of the alternatives and provide an opinion on 
the efficacy of each. For convenience, Table 5-1 describes each alternative. 

 

Table 5-1: 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 

5.2 Alternative 1 is Not Feasible 

Under Alternative 1 the existing lime softening plant would be replaced with nanofiltration treatment and 
Floridan Aquifer wells and reverse osmosis treatment would be added as an alternative water supply. 

The City requested that this study conceptually plan continued use of the SAS water supply with 
treatment via a new nanofiltration treatment plant. Figure 5-1 illustrates a conceptual site plan for a 7.0 
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mgd finished water capacity membrane treatment plant. The membrane building is sized to house two 2.0 
mgd finished water capacity nanofiltration treatment skids that would treat the SAS water supply. The 
building is sized to house three 1.0 mgd finished water capacity RO treatment skids.  

The existing WTP does not have sufficient site space to construct nanofiltration treatment along with RO 
treatment. Consequently, 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 Alternative 1 be discarded from further evaluation 
in this TM; it is not feasible. 

5.3 Alternative 2 is Feasible and Recommended 

Under Alternative 2 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 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, 
Alternative 2 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 AWS 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 AWS facility 
designed for the APPZ (Alternative 3) relative to an AWS facility designed for the UPZ (Alternative 2). 
Hence, Alternative 2 is recommended. 

5.4 Alternative 3 is Feasible but Not Recommended 

Under Alternative 3 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, Alternative 3 is 
deemed feasible from a space planning perspective. Given the large TDS increase forecast for the APPZ, 
Alternative 3 is not recommended. 
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5.5 Alternative 4 is Not Feasible 

Under Alternative 4 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. 

As indicated in Section 4, the LFA has much higher operating cost, higher construction cost, and lower 
water quality relative to the UPZ and APPZ. Hence, it is recommended that Alternative 4 be discarded 
from further evaluation in this TM; it is not economically feasible. 

5.6 Recommendations 

The following recommendations are offered: 

• Alternatives 1, 3 and 4 are not recommended. 

• Alternative 2 is recommended. Alternative 2 includes continued operation of existing lime 
softening plant plus add Upper Floridan Upper Permeable Zone (UPZ) wells and reverse 
osmosis treatment. 

• The AWS treatment facilities would be designed to treat initial and future UPZ water quality.  

• For detailed design, it is recommended that the TDS be assumed to degrade to approximately 
6,000 mg/L after approximately 50 years of pumping the UPZ1.  

 

 

- The Remainder of This Page is Intentionally Blank - 

                                                        
 
1 The assumed TDS of 6,000 mg/L is based on the Grandusky, Lamb and Associates, Inc. ground water model water 
quality forecast. 
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Figure 5-1: Nanofiltration WTP Site Plan 

Proposed nanofiltration 
WTP would repurpose the 
10th Street / Guy Davis 
Sports Complex soccer field 

Remove lime 
softening facilities 
from service 

Continue to use 
existing high 
service pumps, 
storage tanks and 
operations 
building with 
proposed 
membrane facility 
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6. Raw Water Supply Conceptual Plan  

6.1 Introduction 

This section of the technical memorandum (TM) conceptual plans Floridan Aquifer System (FAS) wells 
for alternative water supply (AWS) Alternative 2. The reverse osmosis (RO) facility and the associated 
FAS wells will be constructed in phases as indicated in Section 2.1.   

6.2 Number of Wells Needed  

The number of FAS wells needed is based on the following criteria:  

• Raw Water Production Capability: The proposed Phase 1 RO facility is sized to produce an 
estimated 1.0 mgd of permeate at an estimated recovery rate of 70 percent. At a 70 percent 
recovery rate, each FAS well would need to provide 1.43 mgd. A total of three FAS wells would 
be needed to supply the RO facility at build-out.  

• Standby Capacity:  The existing SAS wellfield will provide standby capacity for the proposed 
FAS well production flow. Hence, backup FAS wells are not included.  

• Coordination Between Wells and Treatment Skids:  The proposed Phase 1 RO facility will include 
one treatment skid with a capacity of 1.0 mgd of permeate. Consequently, one well will provide 
1.43 mgd of the raw water required to produce 1.0 mgd of permeate at 70 percent recovery by the 
RO membrane treatment skid.  

6.3 Proposed Well Locations  

A variety of factors are used to assess the viability of a site for the construction of a water production 
well. These factors include 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. Figure 6-1 
illustrates the proposed FAS well locations. 

 

 

- The Remainder of This Page is Intentionally Blank - 
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Figure 6-1: Proposed Floridan Aquifer System Well Location Map 
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Table 6-1 presents certain location data for the proposed FAS wells. 

 

Table 6-1: 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 

6.4 Recommended Well Separation Distance  

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).  

6.5 Conceptual Well Cross Section 

The proposed FAS wells will 
withdraw from the Upper Floridan 
Aquifer (UFA) from the Upper 
Permeable Zone (UPZ). Figure 6-2 
illustrates a conceptual UPZ well 
cross section. Wells constructed in 
the UPZ are artesian. Artesian wells 
naturally flow to ground surface 
without the use of pumps. 

6.6 Well Construction 
Challenges  

6.6.1 Introduction 

Review of available hydrogeologic 
information in the general area of 
interest (i.e., location) typically 
provides insight of sub-surface 
conditions and is a relatively quick 
and inexpensive.  While this can 

Figure 6-2: Conceptual UPZ Well Cross Section 
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provide initial insight and guidance for formulating a drilling and testing plan for well construction, the 
accuracy of information as well as the location of the facility could be of concern.  Hence, the question is 
whether consideration should be given to construction of an “exploratory well”, or a “test well” (a.k.a., 
pilot well) in advance of the final well?  Advantages and disadvantages related to construction of 
exploratory and test wells are presented below. 

6.6.2 Exploratory Well 

The main advantage of constructing a small diameter exploratory well is that you have control of data 
collection at the site-specific area of interest.  Depending on location, sub-surface conditions may vary 
and present challenges that require setting casings at depth different than planned.   

An exploratory well provides a roadmap for the well completion.  Detailed testing during exploratory well 
construction assures accuracy in assessing underground conditions.  Exploratory wells are typically less 
costly than a full-scale well as they are constructed by drilling a small diameter borehole.  The 
exploratory well enables design of a more tailored testing and construction plan for the full-scale wells.   

Disadvantages of constructing an exploratory well include added costs.  Mobilization is a significant part 
of well construction and adding an additional well, even though as a small diameter exploratory well, 
increases the total project cost.  The use of the exploratory well after data collection is complete could 
also be considered a disadvantage.  For example, what can the exploratory well be used for after 
construction?  In some instances, it could be used as a monitor well or perhaps converted for use as a 
production well.  The diameter of the well is important when assessing options for future use.  The overall 
project schedule may also be longer when an exploratory well program is employed. 

6.6.3 Full-Scale Test Well with Pilot Hole 

Construction of full-scale test well is used more often than the exploratory well approach to reduce 
overall project costs and expedite project schedules.  Construction of a full-scale test well with little to no 
prior knowledge of the anticipated underground conditions has risks. Minimizing these risks requires a 
robust drilling and testing plan to address unknowns that results in a costlier well. This is especially true 
in areas where variable underground conditions are known to exist such as the FAS near the City.   

To accurately establish casing depths and identify zones of interest, a drilling approach using pilot-hole 
drilling is recommended.  Pilot-hole drilling basically consists of extending a small diameter borehole to 
identify sub-surface conditions in advance of reaming a larger diameter borehole.  For example, a 6-inch 
pilot hole may be extended to 1,100 feet to confirm if the hydrogeologic conditions are suitable for setting 
a casing at 1,000 feet during construction of a full-scale well.   

Data collection from the pilot-hole would occur first, and the open-hole section would be grouted to the 
desired casing setting depth.  An exploratory well would have identified the best casing depth and a 
reamed borehole would have been drilled without the pilot-hole.  Back-plugging formations is not the best 
option as the ability to truly seal the deeper formation may be an issue and possibly result in migration of 
worse quality water into the desired zone.  Design of a full-scale test well without an exploratory well 
also requires a more robust schedule of values and changes to the total project coast can be anticipated 
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since the exact depth for casing settings is unclear.  There may also be additional standby time associated 
with additional testing of a full-scale test well. 

6.6.4 Recommendation 

There are FAS wells constructed in the Upper Floridan Aquifer in nearby municipal water supply wells 
for Martin County, Town of Jupiter and Seacoast Utilities Authority. Well drillers have significant 
experience drilling FAS wells in the region. Hence, the cost of an exploratory well can be avoided. It is 
recommended that the first FAS well be designed as a full-scale test well with pilot hole. 

6.7 Plan for Water Quality Degradation 

6.7.1 Introduction 

Water quality degradation of the Floridan Aquifer is a concern. Groundwater modeling prepared by 
Grandusky, Lamb and Associates, Inc. indicate that the total dissolved solids (TDS) may increase to 
approximately 5,000 mg/L after 20 years of pumping. This section offers recommendations relative to 
planning for water quality degradation. 

6.7.2 SFWMD District Opinion 

The South Florida Water Management District (SFWMD) report titled “Simulation of the 2013 and 2040 
Scenarios Using the East Coast Floridan Model Upper East Coast Water Supply Plan” (SFWMD, 2015b) 
offered the following opinion: 

A conservative approach is recommended for future users that are targeting the APPZ as their 
primary source of water for the eastern coastal counties of the SFWMD. Model simulations and 
observed data suggest that sustained withdrawals from this aquifer generally result in water 
quality degradation in these areas, sometimes reaching or exceeding TDS concentrations of 
8,000 to 10,000 mg/L. Utilities have had to backfill wells, install additional wells to improve well 
spacing, implement adaptive management strategies for well rotation, and take other measures to 
compensate for changing water quality issues associated with prolonged withdrawals from the 
APPZ. It is recommended that exploratory well drilling and aquifer testing be conducted at the 
time of wellfield construction to provide a better understanding of the water quality beneath the 
target zone. In addition, wellfields should be designed to minimize well interference even at 
higher transmission costs, and flexibility should be built into the design of water treatment plants 
to accommodate higher TDS concentrations. 

6.7.3 Recommendation 

While the above SFWMD statements was written relative to the APPZ, certain aspects of this statement 
also apply to the UPZ. The key message is that water quality degradation of the FAS over time is a fact. 
Treatment facilities utilizing the FAS must be designed robustly with flexibility to accommodate water 
quality changes. The following recommendations are offered relative to designing the proposed AWS 
facility to accommodate water quality changes: 
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1. Design the treatment facility to treat raw water with a TDS of 4,000 mg/L that will degrade to 
6,000 mg/L (i.e., the estimated TDS in the UPZ after 50 years of pumping). 

2. Design the electrical system with upsized wiring, motors and electrical feed equipment to 
accommodate the estimated future water quality. 

3. Design the membrane feed pump to be able to add impeller bowels to increase feed pressure 
as water quality degrades. Size the membrane feed pump motor, variable frequency drive and 
electrical wiring to accommodate the future addition of pump impeller bowels.  

6.8 Floridan Aquifer System Pumping Restrictions   

Due to concerns regarding water availability and water quality, there are restrictions on pumps for FAS 
wells in Martin and St. Lucie counties. Restricted Allocation Area (RAA) criteria in Subsection 3.2.1.D of 
the Applicant’s Handbook prohibit the use of pumps on flowing Floridan Aquifer System wells in Martin 
or St. Lucie counties (SFWMD, 2015a) unless one of the following exemptions are true:  

1. The pump was in place before March 2, 1974. 

2. The proposed pump is installed to increase pressure in attached piping, not to increase the 
flow above the natural flow from the well. 

3. A study shows the withdrawals will not interfere with presently existing legal users.  

4. The pump is installed temporarily for freeze protection.  

5. The pump is installed temporarily during a declared water shortage. 

The modeling prepared by Grandusky, Lamb and Associates, Inc. (GLA) indicates that the proposed 
pump capacities recommended in this TM will not impact existing legal users. Consequently, exemption 
three is true and equipping the proposed FAS wells with pumps is allowable under SFWMD rules. 

6.9 Wellfield Components  

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.  
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• 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 6-3 illustrates a conceptual cross section of the wellhead. 
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Figure 6-3: Conceptual Florida Aquifer Wellhead Cross Section 
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7. Reverse Osmosis Treatment Conceptual Plan  

7.1 Introduction 

Reverse osmosis (RO) treatment technology is required to treat the proposed Floridan Aquifer System 
(FAS) water supply. This section provides conceptual design criteria for the proposed RO treatment 
process.  

7.2 RO System Process Flow Diagram 

Figure 7-1 shows a simplified process flow diagram for the proposed RO treatment process. Key elements 
of the RO process are as follows: 

• Finished water quality goals 

• Pretreatment, including: 

o Hydrocyclone Sand 
Separators 

o Chemical Pretreatment 

o Cartridge Filters 

• Membrane System Bypass Valve 

• Membrane feed pumps 

• RO membrane trains 

• Chemical post-treatment, including: 

o Sodium hydroxide 

o Carbon dioxide 

o Corrosion inhibitor 

• Transfer pumping 

• Blending with lime softened water 

• Concentrate disposal 

• Backup power supply 

Preliminary design criteria and preliminary design decisions for these key elements are presented in the 
following subsections. 

7.3 Site Plan 

Figure 7-2 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.  

 

 

- The Remainder of This Page is Intentionally Blank - 
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Figure 7-1: RO System Process Flow Diagram 
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Figure 7-2: RO Conceptual Site Plan 
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7.4 Finished Water Quality Goals 

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 Table 7-1.  

Table 7-1: Finished Water Quality Goals 

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. 

 

The final composition of the blended finished water would be defined during detailed design. 

7.5 Design Criteria 

7.5.1 Introduction 

This section presents preliminary design criteria for the sizing of the major treatment processes. 

7.5.2 Pretreatment 

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. 

7.5.2.1 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 
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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 7-1. 

Table 7-1: Sand Cyclone Separators Conceptual Design Criteria 

Description Unit Criteria (Phase 1) 

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

Flow per Unit gpm 
mgd 

2,014 
2.90 

7.5.2.2 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 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 7-2 and 7-3. 
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Table 7-2: Sulfuric Acid Conceptual Design Criteria 

Description Unit Criteria (Phase 1) 

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 
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 7-3: Scale Inhibitor Conceptual Design Criteria 

Description Unit Criteria (Phase 1) 

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) 
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Table 7-3: Scale Inhibitor Conceptual Design Criteria 

Description Unit Criteria (Phase 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.  

7.5.2.3 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 7-3. 

Table 7-3: Cartridge Filters Conceptual Design Criteria 

Description Unit Criteria (Phase 1) 

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 
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7.5.3 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 an 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”. 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. 

7.5.4 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 7-4. 

 

Table 7-4: First Stage Feed Pump Conceptual Design Criteria 

Description Unit 
Criteria (Phase 1) 

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.  
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7.5.5 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 7-5. 

Table 7-5: Second Stage Feed Pump Conceptual Design Criteria 

Description Unit 
Criteria (Phase 1) 

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.  

7.5.6 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 7-6 summarizes the design criteria. Membrane trains will be provided as skid mounted units by a 
membrane manufacturer.  

Table 7-6: RO Membrane Train Conceptual Design Criteria 

Description Unit 
Criteria (Phase 1) 

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 
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Table 7-6: RO Membrane Train Conceptual Design Criteria 

Description Unit 
Criteria (Phase 1) 

UPZ APPZ 

Booster Pressure psi 80 80 

Permeate TDS mg/L 65 – 90  50 – 380  

Permeate Chlorides mg/L 35 – 50  30 – 230  

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.  

7.5.7 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 

7.5.8 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 7-7 presents the 
conceptual design criteria.  

Table 7-7: Degasifiers and Odor Control Scrubbers Conceptual Design Criteria 

Description Unit Criteria (Phase 1) 

Degasifiers   

Number of Units -- One (1) Duty 
One (1) Standby 
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Table 7-7: Degasifiers and Odor Control Scrubbers Conceptual Design Criteria 

Description Unit Criteria (Phase 1) 

Hydrogen Sulfide Concentration mg/L 2.0 – 2.5 

Permeate Flow per Degasifier mgd 2.0 

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 

7.5.9 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. Sizing of chemical equipment will follow the same criteria as described in section 
7.3.2. Conceptual design criteria are summarized in Table 7-8. 

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 7-8 provides a summary of corrosion inhibitor feed and storage system.  

Table 7-8: Post-Treatment Chemicals Conceptual Design Criteria 

Description Unit Criteria (Phase 1) 

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 

 
-- 

 
1 
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Table 7-8: Post-Treatment Chemicals Conceptual Design Criteria 

Description Unit Criteria (Phase 1) 

     Storage Capacity 
     Min. Storage Time      

gal 
day 

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 

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 --  

Per manufacturer 
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Table 7-8: Post-Treatment Chemicals Conceptual Design Criteria 

Description Unit Criteria (Phase 1) 

     Piping 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. 

7.5.10 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.  

7.5.11 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 7-10. 

Table 7-10: Emergency Diesel Engine Generator Design Criteria 

Description Criteria (Phase 1) 

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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7.6 RO Treatment Facility Conceptual Layouts 

7.6.1 Pretreatment – Sand Cyclone Separators 

Conceptual layout of the sand cyclone separator pretreatment system is shown Figure 7-3. 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.  

7.6.2 RO Membrane Building 

Figures 7-4A and B 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. 

7.6.3 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 7-5A, B, C and D show the conceptual layout of the post-treatment structure.  

 

 

- The Remainder of This Page is Intentionally Blank - 
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Figure 7-3: Sand Cyclone Separators Conceptual Illustration 
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Figure 7-4A: Membrane Building Conceptual Plan 
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Figure 7-4B: Membrane Building Conceptual Exterior View 
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Figure 7-4B: Membrane Building Conceptual Interior View 
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Figure 7-5A: Post-treatment Facilities Conceptual Layout – Upper Plan 
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Figure 7-5B: Post-treatment Facilities Conceptual Layout – Lower Plan 
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Figure 7-5C: Post-treatment Facilities Conceptual Layout – Section 
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Figure 7-5D: Post-treatment Facilities Conceptual Layout – Isometric 
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7.6.4 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 7-6 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 7-5 B. Carbon dioxide storage and feed 
equipment is illustrated in Figure 7-7. 

 

 

 

- The Remainder of This Page is Intentionally Blank - 
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Figure 7-6: Pretreatment Chemical Building Conceptual Layout 
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Figure 7-7: Carbon Dioxide Conceptual Layout 
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7.6.5 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 7-
8.  

 

 
 

Figure 7-8: Backup Power Generator Typical Layout 
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8. Concentrate Disposal 

8.1 Introduction 

Concentrate – the by-product of the reverse osmosis (RO) treatment process – is estimated to be produced 
at 0.43 mgd for each proposed RO skid in operation based on a 70 percent recovery rate. Three 1.0 mgd 
finished water capacity RO skids are planned through a three-phase build-out. Hence, up to 1.3 mgd of 
concentrate will be generated if all three phases are implemented.  

The concentrate is a brine solution that must be disposed of safely to protect the environment. This 
section evaluates the feasibility of the following concentrate disposal methods: 

• Alternative 1: Discharge to Surface Water 

• Alternative 2: Mix Concentrate with Water Reclamation Facility Influent 

• Alternative 3: Disposal via Existing Water Reclamation Facility IW-2 

• Alternative 4: Convert Existing Water Reclamation Facility IW-2 to Tubing and Packer Well 

• Alternative 5: New Tubing and Packer Injection Wells at the WTP 

The following subsections document the evaluation. 

8.2 Alternative 1: Discharge to Surface Water 

Disposal of membrane concentrate to a surface water would require permitting through both state and 
county agencies. Although the Florida Administrative Code (FAC) classifies concentrate as a water 
treatment by-product, it is regulated as an industrial discharge. Therefore, such a discharge would 
undergo a rigorous permitting review. As defined by the FAC, the discharge of concentrate to a surface 
water would have to comply with the state antidegradation policy, meet receiving water quality standards, 
and not cause or contribute to the impairment of the water body. Items also addressed include toxicity and 
ionic imbalance of the receiving water resulting from the concentrate discharge. 

Permitting a concentrate discharge to a surface water would likely require lengthy and costly studies and 
result in an uncertain chance of success. Hence, Alternative 1 is not recommended.  

8.3 Alternative 2: Mix Concentrate with Water Reclamation Facility Influent 

The City’s water reclamation facility (WRF) operates under Florida Department of Environmental 
Protection (FDEP) permit number FLA041459 and has a permitted treatment capacity of 4 mgd annual 
average daily flow. Based on discussions with plant staff, this facility has an average daily flow of 
approximately 1.63 mgd. This section assesses the efficacy of mixing the RO concentrate with the WRF 
influent at the head of the WRF. 
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The RO membrane concentrate will be generated at a flow rate of 1.43 mgd assuming a 70% recovery. 
The predicted concentrate characteristics are summarized in Table 8-1. For this evaluation, concentrate 
characterization was based on the use of the APPZ. It also assumed that the constituents listed below will 
comprise most of the TDS and will have the most significant impact on operations at the City’s WRF.   

Table 8-1: Estimated RO Concentrate Characteristics (Year 0) 

Parameter Units Value 

Potassium (K+) mg/L 110 

Sodium (Na+) mg/L 3,170 

Chloride (Cl-) mg/L 6,700 

Calcium (Ca+2) mg/L 500 

Magnesium (Mg+2) mg/L 615 

Silica (SiO2) mg/L 25 

Sulfate (SO4-2) mg/L 1,200 

HCO3- mg/L 210 

TDS mg/L 12,700 

Table 8-2 estimates the characteristics of blended WRF effluent and RO concentrate. It is assumed that 
the inorganic components from the RO membrane concentrate will pass through the WRF. Data on WRF 
influent characteristics are not available for the parameters in Table 8-2. Hence, this analysis assumed that 
the wastewater influent concentrations for these constituents are not of significance. Since these 
constituents will pass through the system, the table below summarizes the estimated concentrations in the 
blended effluent flow based on the average daily WRF influent flows.  

Table 8-2: Blended WRF Effluent Characteristics 

Parameter Units 
WRF Average Daily 

Flow + RO Concentrate  
(mgd) 

Potassium (K+) mg/L 23 

Sodium (Na+) mg/L 668 

Chloride (Cl-) mg/L 1,412 

Calcium (Ca+2) mg/L 105 

Magnesium (Mg+2) mg/L 130 

Silica (SiO2) mg/L 5 

Sulfate (SO4-2) mg/L 253 

HCO3- mg/L 44 

TDS mg/L 2,677 
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A general literature review was performed to identify some of the potential effects of blending RO 
concentrate at the WRF. These effects include the following:  

• Settleability - Several studies have reported that settleability may be affected by high 
monovalent ion (i.e., sodium concentration).  The exchange of divalent cations for monovalent 
cations (i.e. Na+, K+) in the floc may affect settling of the floc by weakening biopolymer 
bonds and causing the release of soluble proteins.  This phenomenon may also affect the 
dewaterability of the waste activated sludge (WAS). It is possible that some settling effects 
may be observed from the secondary clarifiers during minimum flows. It is recommended that 
nitrification, effluent BOD and secondary effluent TSS concentrations be monitored regularly 
for signs of plant upset. If necessary, it should be considered to take the RO skid out of service 
at night during the plants lowest flows to avoid the higher transient concentrations that may be 
observed at night.   

• Effects on Biological Process - Typically only very high chloride concentrations would cause 
biological inhibition. For example, chloride concentrations greater than 8,000 mg/L would 
typically inhibit nitrification (Water Research Foundation, 2008).  Reduction in BOD 
degradation is not expected below 5,000 mg/L.  One study showed, however, a 25% reduction 
in nitrification rate at a NaCl concentration of 3,000 mg/L in a batch assay (Campos, Lema, & 
Mosquera-Corral, 2002). The aeration basins should be monitored for signs of toxicity.  

• Precipitation Potential - Precipitation of calcium carbonate or other compounds may increase 
the solids generated within the facility. The conditions could be present where precipitation 
may occur prior to mixing with the wastewater flow.  It is recommended that the pipeline 
pressure be monitored for signs of clogging with precipitate.  Additional analysis is 
recommended to determine precipitation potential within the treatment processes. 

• Structural and Corrosion Concerns - In addition to the potential effects on the biological 
processes within the plant, other impacts to the plant infrastructure are possible including 
corrosion of concrete and metal due to sulfates, sulfide or chloride.  Concentrate from RO 
treatment of groundwater may include hydrogen sulfide which may increase corrosion of 
concrete and other components.  

• Effluent TDS - Although deep wells do not typically have a TDS limit, FDEP may implement a 
limit and require conductivity monitoring.  For example, the Loxahatchee River District (LRD) 
currently blends nanofiltration concentrate from the Town of Jupiter Water Plant with its 
wastewater effluent before it is discharged down a deep injection well.  LRD is required to 
meet a daily average TDS value of 1,000 mg/L and is required to continuously monitor 
conductivity.  Based on the estimated values presented in Table 8-2, estimated effluent TDS 
concentration exceed the 1,000 mg/L limit established for LRD.  

Determination of the feasibility of blending RO concentrate at the WRF requires detailed study along 
with meeting with the FDEP to assess the likelihood of permitting this option. Alternative 2 is not 
currently recommended.   
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8.4 Alternative 3: Disposal via Existing Water Reclamation Facility IW-2  

The standard method of disposal is via a Class I injection well. Chapter 62-528 (titled “Underground 
Injection Control”) of the Florida Administrative Code (FAC) governs the construction and permitting of 
injection wells in the State of Florida. Class I standards require that injection wells used for disposal of 
concentrate be constructed as an "industrial" type that includes a tubing and packer type systems. Chapter 
62-528 also requires that a dual-zone monitor well be constructed within 150 feet of an injection well. 

The City’s Water Reclamation Facility (WRF) includes two Class I injection wells, IW-1 and IW-2 that 
are operated under permit number 0043090-128-UO. IW-2 is the primary injection well and IW-1 serves 
as a backup. The current operating permit expires on September 23, 2018. Table 8-3 present data on the 
existing injection wells. 

Table 8-3: Existing Injection Wells 

Well 
No C

la
ss

 

Longitude Latitude 

Total 
Well 

Depth 
(ft bls) 

Total 
Casing 
Depth 
(ft bls) 

Construction 
Completion 

Date 

Inner 
Casing 

Diameter 
(inch) 

Max. 
Fluid 

Velocity 
(fps) (1) 

Rated 
Capacity 

(mgd) 

IW-1 I  -80.24981218 27.19593476 3,305 2,670 1974 10.4 10 3.5 

IW-2 I  -80.24836607 27.19640282 3,252 2,887 1997 23.0 10 10 

Note. 
(1) Permit allows for 12 fps during planned testing, maintenance, or emergency conditions. 

IW-1 and IW-2 are permitted for the discharge of only secondary treated effluent from the WRF, purge 
from the on-site monitoring wells, and potentially groundwater produced during redevelopment. Hence, 
the existing injection wells are not feasible for concentrate disposal under their current configuration. The 
limited capacity of IW-1 likely makes reconfiguration to allow disposal of concentrate not feasible. The 
efficacy of reconfiguring IW-2 for concentrate disposal is assessed in the next subsection.  

8.5 Alternative 4: Convert Existing Water Reclamation Facility IW-2 to Tubing 
and Packer Well  

8.5.1 Introduction 

Converting the existing IW-2 at the WRF to a tubing and packer well would allow it to receive RO 
concentrate under FDEP regulations. Converting IW-2 to a tubing and packer well will downsize the 
inner casing from an inside diameter of 23.0 inches to 14.5 inches. Key requirements of this alternative 
are as follows: 

• Capacity of IW-2 After Conversion to a Tubing and Packer Well 

• Concentrate Disposal Pipeline 

• Concentrate Pump Station 
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The following subsections summarize the above requirements. 

8.5.2 Capacity of IW-2 After Conversion to a Tubing and Packer Well is Acceptable 

The current capacity of IW-2 at a velocity of 8.0 fps is 15.0 mgd. Reducing the inside diameter to 14.5 
inches reduces IW-2 capacity to 5.9 mgd. Figure 8-1 summarizes the capacity of IW-2 versus the total 
estimated flow to be disposed – including WRF effluent plus the RO bypass flow of 1.43 mgd – through 
the year 2040. IW-2 would have sufficient capacity to dispose of the WRF effluent and the RO 
concentrate following conversion to a tubing and packer well. Hence, Alternative 4 is feasible. 

 

8.5.3 Concentrate Pipeline 

A 10-inch pipeline is required for conveying the RO concentrate from the RO facility to the existing WRF 
for disposal via IW-2. Figure 8-2 illustrates a preliminary pipe route for the proposed concentrate 
pipeline. Additionally, the concentrate pipeline would convey the raw water from the RO facility during 
bypass-startup.  

 

- The Remainder of This Page is Intentionally Blank - 

 

 

Figure 8-1: Estimated Flows to be Disposed in IW-2 
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When conveying concentrate, the pipeline is considered in “normal operations” mode. When conveying 
raw water during startup, the pipeline is considered in “bypass-startup” mode. Target bypass flow is 
usually approximately the same as the feed flow to one RO train. Table 8-4 summarizes the flow rate and 
velocity in the concentrate pipeline during these two operating modes.  

Table 8-4: Flow Rate and Velocity in Concentrate Pipeline  

RO Phase 
Normal Operations Bypass-Startup 

Flow Rate (mgd) Velocity (fps) Flow Rate (mgd) Velocity (fps) 

Phase 1  0.43 1.22 1.43 4.05 

Phase 2 0.86 2.43 1.43 4.05 

Phase 3 1.29 3.65 1.43 4.05 

The pipeline may require a surge suppression system such as a hydropneumatic tank to protect it from 
water hammer. Analysis during detailed design will define the need for surge protection of the 
concentrate pipeline. It is recommended that the concentrate pipeline be made from 316 stainless steel 
aboveground piping and HDPE for underground piping. 

It is desirable to have the proposed concentrate pipeline operational prior to the start of testing of the FAS 
well. The concentrate pipeline may be a means for disposal of water produced during FAS well testing. It 

Figure 8-2: Concentrate Pipeline Conceptual Routing Plan 
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is recommended that FDEP be contacted during detailed design to determine if it would permit the 
pipeline and IW-2 for disposal of FAS test water. 

8.5.4 Concentrate Pump Station 

A concentrate pump station may be needed at the WTP to convey the concentrate to the WRF. Table 8-5 
summarizes the conceptual design criteria for the concentrate pump station.  

Table 8-5: Concentrate Pump Station Conceptual Design Criteria 

Description Unit Criteria (Phase 1) 

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

Flow (@ 70% Recovery) gpm 
mgd 

600 
0.86 

Motor HP 20 

Motor Control -- VFD 

Figure 8-3 shows the conceptual layout of the concentrate pump station. Phase 1 will include two pumps 
to provide full redundancy. Space for a third pump and provisions for future expansion will be included.  

 

Figure 8-3: Concentrate Pump Station Conceptual Layout 
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8.6 Alternative 5: New Tubing and Packer Injection Wells at the WTP 

8.6.1 Injection Well Site Plan 

Alternative 5 would include constructed two new tubing and packer injection wells, along with a dual 
zone monitor well, at adjacent property to the west side of the WTP. Figure 8-4 illustrates a preliminary 
site plan that lays out the drill rigs, drill string loading areas, staging, motor control centers, mud system, 
temporary electrical substation and construction trailers.  

 

 

Figure 8-4: New Injection Wells at the WTP 
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8.6.2 Construction Challenges 

Alternative 5 is feasible. However, certain challenges existing, as follows: 

• The proposed injection wells are within 500 feet of existing well PW-5. This does not meet the 
minimum setback requirements of the FDEP. However, a variance is feasible. 

• Site space for construction of this Alternative is limited, but feasible. This site space limitation 
impacts construction sequencing of the proposed RO facilities. Furthermore, the site space 
limitation may raise the construction cost.  

• Alternative 5 is more costly than Alternative 4. 

• Construction noise will likely violate City ordinances. 

8.6.3 Concentrate Disposal Well Construction Noise Will Likely Result in Customer 
Complaints 

The construction of an injection well requires multiple types of equipment that vibrate and produce noise. 
Additionally, injection well construction is most economically performed on an around the clock (24-
hour, 7 days per week) basis. Recent sound level at an injection well construction site measured between 
60 to 70 decibels (dB) at a 10-ft distance from the noise source.  Non-repetitive (periodic) noise during 
injection well construction will likely peak between 80 to 90 dB. These data were measured at a project 
utilizing electric powered mud system and drill rig. Electric powered equipment produces lower sound 
levels than similar sized diesel driven equipment. 

Figure 8-5 illustrates the decibel ranges for common sounds. It is presented to facilitate understanding of 
the impact of 60 to 70 dB on the nearby residents.  

Figure 8-5: Sound Levels 

Injection Well Construction 
“Peak” Noise 

 
Injection Well Construction 

“Normal” Noise 
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City Code of Ordinances, Chapter 20, Article VI defines noise, its measurement and its regulation. 
Section 20-151 defines the maximum permissible sound levels, measured at 50 feet from the source of the 
noise, shall be 80 dB from 8:00 a.m. until 10:00 p.m., and 60 dB from 10:00 p.m. until 8:00 a.m. always 
throughout the City. 

Injection well construction sound level at night would be very close to, and possibly exceed the City’s 60 
dB limit (10:00 p.m. until 8:00 a.m.). Even if the City’s sound limits are not exceeded, the City can expect 
to receive noise complaints from its residents. Construction of a sound attenuating enclosure around the 
injection well construction site is likely not economically feasible. 

If this alternative is implemented, it is recommended that the City develop a plan to meet with the 
residents nearby the construction site to explain the importance of the project and the likely noise level 
prior to start of construction. Additionally, it is recommended that electric driven drilling equipment be 
specified to limit noise. Furthermore, the construction documents would require continuous noise and 
vibration monitoring.  

The City may need to obtain a variance from its noise ordinance to legally perform injection well 
construction. It is recommended that the City determine the feasibility of obtaining a noise ordinance 
variance if this alternative is selected for design.  

8.6.4 Recommendation 

Based on discussion with City staff, Alternative 5 is not desirable from a budgetary perspective. Hence, it 
is recommended that Alternative 5 be discarded from further consideration. 

8.7 Alternate Disposal Location During Injection Well Mechanical Integrity 
Testing  

8.7.1 MIT Requirements 

Mechanical integrity testing of injection wells is required every five years by the FDEP. The purpose of 
the testing is to document that there is no movement of fluids into or between underground sources of 
drinking water (USDWs) that the injection well passes through. The testing requires that injection well be 
removed from service for approximately one week. During this timeframe, an alternate method of 
disposal of concentrate will be required. 

Feasible alternate disposal alternatives are presented in the following subsections. 

8.7.2 Alternative 1: Convert IW-2 at the WRF Plus Construct Injection Well at WTP   

Under Alternative 1, construct one tubing and packer injection wells along with a dual-zone monitor well 
at the WTP; use the injection well at the WTP as the primary means of concentrate disposal. Convert IW-
2 at the WRF to a tubing and packer well (along with constructing a concentrate disposal pipeline from 
the WTP to the WRF) and use it as the alternate means of disposal during MIT of the WTP injection well. 
This alternative is estimated to cost about $4 million more than Alternative 3. 



City of Stuart April 20, 2018 
Technical Memorandum No. 5, 6 & 7  
AWS Conceptual Design 

            |    Concentrate Disposal 8-11 

8.7.3 Alternative 2: Construct Two Injection Wells at the WTP 

Under Alternative 2, construct two tubing and packer injection wells along with a dual-zone monitor well 
at the WTP. This alternative is estimated to cost about $6 million more than Alternative 3. 

8.7.4 Alternative 3: Remove RO Facility from Service During MIT 

Under Alternative 3, convert IW-2 at the WRF to a tubing and packer well (along with constructing a 
concentrate disposal pipeline from the WTP to the WRF). Do not construct an alternate means of 
concentrate disposal. Rather, shut down the RO facility during MIT of IW-2 at the WRF. During the 
timeframe that the RO facility is shut down, the City could increase production from its lime softening 
facility. Additionally, the City could purchase finished water from Martin County to meet demand during 
the timeframe that the RO facility is shut down for the MIT. 

8.7.5 Opinions and Recommendation 

The following opinions and recommendation are offered: 

• All alternate disposal alternatives are technically feasible.  

• Alternative 1 and 2 have certain permitting and construction challenges. These challenges are 
described in subsection 8.6. It is believed that these challenges can be overcome. 

• From a budgetary perspective Alternative 3 is preferable to Alternatives 1 and 2. 

• Alternative 3 is recommended for detailed design. 

8.8 Recommended Concentrate Disposal System 

The above concentration disposal alternatives were reviewed with the City staff during a workshop. 
Based on City input, the following concentrate disposal system is recommended: 

• Concentrate disposal Alternative 4 (Convert Existing Water Reclamation Facility IW-2 to 
Tubing and Packer Well) is recommended. 

• Alternate disposal method during MIT Alternative 3 (Remove RO Facility from Service 
During MIT) is recommended. 

8.9 Injection Well Procurement Risk Mitigation Strategy 

Construction of tubing and packer injection wells and dual-zone monitor wells requires specialty 
contractors. Conventional bidding of this type of work is a risk to the City. This risk can be managed by 
pre-qualifying injection well contractors or sole sourcing a known qualified contractor. It is recommended 
that the City pre-qualifying injection well contractors and then negotiate pricing with the top qualified 
contractor for modifying IW-2 at the WRF. 
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8.10 Miami-Dade Ocean Outfall Legislation Program 

The ongoing Miami-Dade Water and Sewer Departments Ocean Outfall Legislation (OOL) Program 
recently solicited (solicitation #RTQ-00566) pre-qualification submittals from well drillers to establish a 
pool of qualified contractors to construct 23 deep injection wells along with 12 dual-zone monitor wells. 
Construction is scheduled to commence in 2019. This program will likely reduce availability of qualified 
injection well contractors and drive-up injection well construction costs. 

8.11 Reclaimed Water Blending Opportunity 

The City's Water Reclamation Facility (WRF) is a conventional activated sludge treatment facility that 
was originally built in 1955. The plant's current capacity is 4.0 mgd on an annual average daily flow 
basis. Treated effluent from the facility is disposed of via the reclaimed water system or the deep injection 
well system.  

There may be an opportunity to augment the reclaimed water supply by blending a portion of the 
concentrate from the proposed RO process with the reclaimed water. Based on experience gained from 
design of concentrate / reclaimed blending system at the Loxahatchee River District disposal well, the 
permitting is challenging and feasible. The blending ratio will be dependent on the two water qualities to 
ensure remaining below the maximum contaminate levels.  We recommend that the City further evaluate 
the efficacy of concentrate / reclaimed blending to augment irrigation supplies and possibly offset potable 
demand. 
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9. Site Development Planning 

9.1 Purpose 

The purpose of this section is to present key site information. The data presented establish certain key 
design criteria needed for the detailed design and permitting phases. 

9.2 Key Site Information 

The proposed RO facilities would be constructed on the existing WTP site. Key site information is 
presented in Table 9-1. 

 

Table 9-1: Key Site Information 

Parameter Value 

Address 1002 Palm Beach Road 
Stuart, Florida 34994 

County Martin County 

Property Appraiser’s Parcel ID Number 09-38-41-000-000-00010-3 

Latitude 27° 11' 20" N 

Longitude 80° 14' 15" W 

Township 38S 

Range 41E 

Section 9 

Zoning Public 

Flood Zone Zone X - areas of minimal flood hazard  

 

 

 

- The Remainder of This Page is Intentionally Blank - 
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9.3 Zoning 

Figure 9-1 illustrates the zoning for the WTP and the property to the west of the WTP. These properties 
are zoned as “Public”. Consequently, constructing water treatment facilities at this existing WTP is an 
allowed use under the City’s Land Development Code. Three FAS wells are planned for the City owned 
property to the west of the WTP. Well construction is an allowed use under the City’s Land Development 
Code. 

9.4 Flooding is Likely Not a Concern at the WTP 

The elevation of the existing WTP is 11 to 12-feet per Google Earth. The Federal Emergency 
Management Agency flood map tool indicates that the WTP and the surrounding area is within flood zone 
“X” which is an area of minimal flood hazard and the area is higher than the elevation of the 1 in 500-
year flood. The National Oceanic and Atmospheric Administration (NOAA) sea level rise tool set at a sea 
level rise of 6-feet showed no impact on the WTP (NOAA, 2018).  

Setting the finished floor elevation of proposed facilities to match the floor elevations of existing WTP 
structures would likely result in floor elevations higher than the 500-year flood elevation. Hence, flooding 
due to rising sea level is likely not a concern for the WTP site and the area near the WTP. 

Figure 9-1: Zoning Map 
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10. Integration with Existing Facilities 

10.1 Modifications to Existing Equipment 

No modifications are anticipated to existing chemical systems (i.e. sodium hypochlorite, fluoride), 
finished water pumping, or storage. The RO system permeate will be used in the near-term to off-set 
water flow from the lime softening WTP and will not be used to add extra flow. 

10.2 Lead and Copper Rule Corrosion Inhibitor Pilot Testing 

Corrosion inhibitors are proprietary formulations. 
Testing is required to assess corrosion inhibitor 
performance. It is recommended that as part of 
this project that the City design and construct a 
pilot unit – such as the one illustrated in Figure 
10-1 – to pilot test multiple corrosion inhibitors 
following RO plant startup. The testing would 
identify one or more corrosion inhibitor that 
minimizes lead and copper corrosion. The pilot 
unit apparatus would hold multiple metal coupons 
for testing corrosion rates at 60, 90 and 180 days. 
The unit would include multiple metering pumps 
for dosing the corrosion inhibitor. Additionally, 
the pilot unit would simulate Lead and Copper Rule (LCR) standing overnight water samples inside of 
copper tubing that has multiple lead soldered joints. The findings would be documented in a report. 

10.3 Ground Water Rule Four-Log Virus Treatment via Disinfection 

The existing WTP is certified for four-log virus treatment under the Ground Water Rule (GWR) using 
chloramine disinfection. The proposed RO facility along with blending of water from the lime softening 
plant would be designed to continue to achieve four-log virus treatment. Once the RO facility is designed, 
the City would need to re-apply with FDEP for four-log virus treatment certification. Feasible options for 
achieving four-log virus treatment will be evaluated as part of the detailed design.  

10.4 Finished Water Blending 

Two options for blending the RO permeate with the lime softened water exist, as follows: 

• Blending Option 1: Under this option, the RO permeate from the proposed degasifier clearwell 
would be conveyed the existing filter clearwells for blending with the lime softened water. The 
blended water would then be pumped from the filter clearwells to the on-site water storage 
tanks. 

Figure 10-1: Example Corrosion Pilot Unit 
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• Blending Option 2: Under this option, the RO permeate from the proposed degasifier clearwell 
would be pumped into the existing storage tank fill piping. Blending would occur in the piping 
and the existing water storage tanks.  

The schematics prepared for this TM assumed that blending option 1 would be implemented. It is 
recommended that during detailed design, bench-scale testing assess the efficacy of these blending 
options under several blending ratios. Furthermore, calculations would be prepared to assess which option 
was more robust relative to continued compliance with four-log virus treatment under the Ground Water 
Rule.  

 

 

- The Remainder of This Page is Intentionally Blank - 



City of Stuart April 20, 2018 
Technical Memorandum No. 5, 6 & 7  
AWS Conceptual Design 

            |    Permitting 11-1 

11. Permitting 
This section documents the likely permit applications needed for the proposed alternative water supply facilities from the Florida Department 
of Environmental Protection (FDEP), South Florida Water Management District (SFWMD), Florida Department of Health in Martin County 
(FDOH-MC), and Martin County Environmental Protection and the City of Stuart. The permits anticipated for the construction of the RO 
facility include: 

Table 11-1: Permit Applications Needed 

Agency Application Name Application Form Permitted 
Component 

Responsible for 
Application 

FDEP Application for a Specific Permit to Construct PWS Components DEP Form 62-
555.900(1) RO Facility Engineer 

FDEP Certification Request for Four-Log Virus Treatment of Ground 
Water 

Custom Report 
Prepared by Engineer RO Facility Engineer 

FDEP Certification of Construction Completion and Request for 
Clearance to Place Permitted PWS Components into Operation 

DEP Form 62-
555.900(9) RO Facility Engineer 

FDEP 
Storage Tank Facility Registration Form  

(can be applied for on-line at: 
http://www.fldepportal.com/go/submit-registration/) 

DEP Form 62-
761.900(2) 

Storage of: 

• Diesel Fuel 

• Sulfuric Acid 

• Sodium 
Hydroxide  

Engineer 

City of Stuart City of Stuart Building Division Construction Permit Application Construction Permit 
Application RO Facility Engineer 

City of Stuart City of Stuart Development Department Site Permit Application Site Permit 
Application RO Facility Engineer 

http://www.fldepportal.com/go/submit-registration/
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Table 11-1: Permit Applications Needed 

Agency Application Name Application Form Permitted 
Component 

Responsible for 
Application 

SFWMD Water Use Permit (WUP) 
SFWMD’s Water Use 

Permit Applicant’s 
Handbook 

FAS Well Engineer & 
Hydrogeologist 

SFWMD State of Florida Permit Application to Construct, Repair, Modify 
or Abandon a Well 

DEP Form 62-
532.900(1) FAS Well Well Drilling 

Contractor 

FDEP  

(delegated to the 
Florida Department of 

Health in Martin Count)  

Application for a Specific Permit to Construct PWS Components DEP Form 62-
555.900(1) FAS Well Engineer 

FDEP Certification of Construction Completion and Request for 
Clearance to Place Permitted PWS Components into Operation 

DEP Form 62-
555.900(9) FAS Well Engineer 

SFWMD State of Florida Well Completion Report DEP Form 62-
532.900(2) FAS Well Well Drilling 

Contractor 

City of Stuart FAS Well Construction and Testing Report1 Custom Report 
Prepared by Engineer FAS Well Engineer 

FDEP Notice of Intent to Use the General Permit for Construction of 
Water Main Extensions for PWSs - Alternate 

DEP Form 62-
555.900(7) 

Raw water 
pipeline Engineer 

City of Stuart City of Stuart Building Division Public Utility Permit Application Public Utility Permit 
Application 

Raw water 
pipeline Engineer 

                                                        
 
1 The “FAS Well Construction and Testing Report” is not required to be prepared by any permitting agencies. Rather, it is recommended that the City 
require its water supply well engineer-of-record to prepare this report to fully document key construction and testing information. Cataloging well 
construction and testing results in a single report is critical for long-term management of this infrastructure.   
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Table 11-1: Permit Applications Needed 

Agency Application Name Application Form Permitted 
Component 

Responsible for 
Application 

FDEP Certification of Construction Completion and Request for 
Clearance to Place Permitted PWS Components into Operation 

DEP Form 62-
555.900(9) 

Raw water 
pipeline Engineer 

FDEP Notification/Application For Constructing A Domestic 
Wastewater Collection/Transmission System 

DEP Form 62-
604.300(8)(a) 

Concentrate 
pipeline Engineer 

City of Stuart City of Stuart Building Division Public Utility Permit Application Public Utility Permit 
Application 

Concentrate 
pipeline Engineer 

FDEP Request For Approval To Place A Domestic Wastewater 
Collection/Transmission System Into Operation 

DEP Form 62-
604.300(8)(b) 

Concentrate 
pipeline Engineer 

FDEP Application to Construct/Operate/Abandon Class I, III, or V 
Injection Well System 

DEP Form No. 62-
528.900(1) 

WRF IW-2 
Modification Engineer 

City of Stuart Deep Injection Well IW-2 Modification Construction Completion 
Report2 

Custom Report 
Prepared by Engineer 

WRF IW-2 
Modification Engineer 

 

                                                        
 
2 The “Deep Injection Well IW-2 Modification Construction Completion Report” is not required to be prepared by any permitting agencies. Rather, it is 
recommended that the City require its injection well engineer-of-record to prepare this report to fully document key construction and testing information. 
Cataloging well construction and testing results in a single report is critical for long-term management of this infrastructure.   
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12. Cost Estimates 

12.1 Introduction 

This section summarizes the conceptual level Engineer’s Opinion of Probable Project Cost and the 
anticipated Operation and Maintenance (O&M) costs associated with the proposed RO facility. In 
accordance with the American Association of Cost Engineering (AACE) International published 
guidelines the estimates presented in this report is Class 5 classification as defined in Recommended 
Practices 18R-97.  

Class 5 estimates are made without detailed engineering data and employ cost curves, scaling-up or down 
factors, and similar methodology. The expected accuracy range for such an estimate is between -30 and 
+50 percent. These estimates are often referred to as “conceptual” estimates. Though they have a wide 
range of accuracy, Class 5 estimates have several important applications such as quickly determining 
overall project feasibility and screening alternatives. 

12.2 Bid Packages 

12.2.1 Introduction 

Development of separate bidding packages facilitates bidding to contractors that specialize in certain 
construction, such as well drilling. It is recommended that the City’s alternative water supply (AWS) 
project be broken down in three bid packages, as follows: 

12.2.2 Bid Package 1: Wells 

Bid Package 1 would include the following elements: 

• Floridan Aquifer Test Well FA-1 

• WRF Deep Injection Well IW-2 conversion to a tubing and packer well 

It is recommended that Bid Package 1 Floridan Aquifer Test Well FA-1 be constructed as early as 
possible in the overall schedule. This would allow early acquisition of water quality and hydrogeological 
data needed for the pre-design pilot testing of the reverse osmosis treatment.  

12.2.3 Bid Package 2: Wellhead and Pipelines 

Bid Package 2 would include the following elements: 

• Floridan Aquifer Well FA-1 Wellhead 

• Raw Water Pipeline from FA-1 to WTP 

• Concentrate disposal pipeline from WTP to WRF 
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12.2.4 Bid Package 3: Reverse Osmosis WTP 

Bid Package 2 would include all elements for the reverse osmosis (RO) water treatment plant (WTP). 

12.3 Capital Cost 

Tables 12-1 through 12-3 presents opinions of probable project cost (inclusive of construct cost plus 
engineering/administration fee) for the recommended AWS facilities. The cost is broken down for each 
bid package. 

 
Table 12-1 

Bid Package 1: Wells  
Opinion of Probable Project Cost 

Item Cost 
Well FA-1 (UPZ Production Zone)  $1,700,000  

Contingency (30%)  $510,000  

Convert WRF IW-2 to T&P Well  $2,000,000  

Construction Cost Subtotal - Bid Package 1  $4,210,000  
Engineering / Administration (20%)  $842,000  

Opinion of Probable Project Cost - Bid Package 1  $5,052,000  

 

Table 12-2 
Bid Package 2: Wellhead and Pipelines 

Opinion of Probable Project Cost 
Item Extended Cost 

Wellhead  $650,000  
10-inch HDPE Raw Water Pipeline  $84,000  
10-inch HDPE Concentrate Disposal Pipeline  $696,000  
Air Release Valves  $60,000  
Contingency (30%)  $447,000  
Construction Cost Subtotal - Bid Package 2  $1,937,000  
Engineering / Administration (20%)  $387,400  

Opinion of Probable Project Cost - Bid Package 2  $2,324,400  
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Table 12-3 
Bid Package 3: Reverse Osmosis WTP 

Opinion of Probable Project Cost 

Item Cost 
Membrane Plant $5,710,000 

Contingency (30%) $1,713,000  

Construction Cost Subtotal - Bid Package 3 $7,423,000  
Engineering / Administration (20%) $1,484,600  

Opinion of Probable Project Cost - Bid Package 3 $8,907,600  

 

Table 12-4 totalizes the project cost for the bid packages. 

 
Table 12-4 

AWS Project 
Opinion of Probable Project Cost 

Item Cost 
Bid Package 1: Wells $5,052,000 

Bid Package 2: Wellhead and Pipelines $2,324,400 

Bid Package 3: Reverse Osmosis WTP $8,907,600 

Total $16,284,000  

12.4 Operation and Maintenance Costs 

12.4.1 Introduction 

 This section estimates the annual costs 
operation and maintenance (O&M) for a 1.0 
mgd RO membrane facility.  

12.4.2  Chemical Dosages 

Chemical costs were developed based on 
preliminary chemical dosages presented in 
Table 12-5, a raw water flow of 1.43 mgd 
and a permeate flow rate of 1.0 mgd.  
  

Table 12-5: Preliminary Estimate of Chemical Dose 

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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12.4.3 Maintenance Costs 

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

12.4.4 Energy Costs 

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) 

12.4.5 Annual O&M Costs 

The annual O&M costs associated with the 1.0 mgd RO facility are shown in Figure 12-1.  

 

 

 

 

 

 

Figure 12-1: Annual O&M Cost 
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13. AWS Recommendations 
This technical memorandum (TM) evaluated a series of alternative water supply (AWS) alternatives, 
water supplies and treatment residual disposal options. The TM has recommendations dispersed through 
many sections of the document.  For convenience, the key recommendations presented in this TM are 
consolidated in this section. The key recommendations of this TM are as follows: 

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. 

4. It is recommended that the three wells and RO trains be constructed in phases as follows:   

o Phase 1: Well FA-1 and RO Train 1 in the year 2022 

o Phase 2: Well FA-2 and RO Train 2 in the year 2027 

o Phase 3: 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: 

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

o 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. 

o 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. 

 

- The Remainder of This Page is Intentionally Blank - 
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Appendix G City of Stuart Water Treatment Plant Treatment Investigation for 
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1 BACKGROUND 

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.  The chemical composition of these compounds is illustrated below: 

           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 
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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 A 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.  Refer to Table ES.1 – Summary of PFAS removals for various 
treatment processes, Water Research Foundation 2016 Web Report, Treatment Mitigation 
Strategies Accordingly, for supporting information.  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 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 intent behind this report is to evaluate the most feasible and best available treatment 
alternatives in reducing these contaminant levels and identifying short-term and potential long-
term solutions to the City’s water supply challenges with respect to PFC’s.  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.  The short-term 
solution should be implemented immediately, with a long-term plan to reduce the dependence 
on the existing surficial groundwater supply. 

2 APPROACH 

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  
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achieving compliance for the existing water source and customers as well as a sustainable 
supply for the future of the City.  The short-term solution involves analyzing, selecting and 
implementing the treatment technologies available to treat and remove the currently 
present PFCs from the produced water prior to distribution.  The focus of this evaluation 
supports the short-term alternatives available to achieve such treatment and enable the City 
to achieve compliance.  Goals for the short-term evaluation include the paramount 
compliance with UCMR regulations followed by minimizing the capital and operation 
expenses for the short-term solutions. 

The long-term approach involves implementing a consistent and reliable treatment method 
to remove emerging contaminants or securing a sustainable water source free of 
contaminants beyond traditional salinity and organic contaminants.  Although not included 
in the scope of this project, the approach should consider evaluating alternative water 
supplies including the lower Floridan aquifer, surface water, or some combination of these 
and other alternative water sources.  Further analysis should include the treatment options 
of these alternative water sources, capital expense, operation expense, pilot verification of 
treatment and the long-term sustainability for the City’s water utility. 

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 3-1.  This 
evaluation addresses the desktop analysis of multiple treatment alternatives.   

Longer term raw water supply focused on alternative water sources should be evaluated in 
the future for sustainability, treatment feasibility, regulatory considerations, and financial 
efficiency for the City.  Alternative water sources identified can be used as the sole source of 
supply water or used in combination with the existing surficial influenced wells or another 
alternative supply.  Once one or multiple sources are identified and committed, treatment 
pilots should be engaged to demonstrate successful treatment as well as operational 
feasibility to support operational commitments to the Utility’s staff and financial resources.   

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 1 provides a list of current and historical known contaminants that require 
advanced treatment beyond conventional lime softening and filtration. 
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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.  
Subsequently, the City’s actions should address these contaminants in both the drinking 
water and potential discharge to the wastewater treatment system in order to minimize any 
discharge of these contaminants to the environment. 

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. 

 

 

Table 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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3 SHORT-TERM TREATMENT OPTIONS 

The existing treatment system provides conventional treatment, consisting of aeration and 
air-stripping of volatile organic compounds, lime softening, filtration and disinfection.  
Conventional filtration and lime softening have limited effectiveness at removing PFCs found 
in the raw water.  It is also evident from the water quality test results taken at the POE and 
individual wells, that PFC’s are unaffected through the existing treatment plant.  Refer to 
Figure 1.  As such, conventional treatment is not an option for continued treatment and 
reduction of these emerging contaminants.  Therefore, alternative treatment options were 
researched and evaluated that would effectively remove these contaminants in a cost 
effective manner. 

Viable treatment methods that are known to be effective at removing PFC’s include: 

1. (An) Ion Exchange (AIX, or IX) 
2. Granular activated carbon (GAC) 
3. Membrane treatment (RO & NF) 
4. Other Treatment Methods - Chemical Oxidation/Reduction, Thermal & Electro-

chemical, Biological treatment 

Based on the research, literature reviewed, and discussions with manufacturers, sorption 
processes, such GAC and AIX, and membrane treatment provide the most effective removal 
of PFC’s from water streams.  Chemical oxidation, advanced oxidation and reduction 
processes, and thermal and electro-chemical processes are processes that show promise, 
but many of them are still in the research mode, have limitations, and have no full-scale 
track record.  Each one is site specific and may be complimentary and more effective as 
combined systems, but may be more suitable in wastewater streams, where other 
interferences exist.  These treatment methods were not evaluated further, due to their more 
research driven techniques and limited full scale installations that exist for the treatment of 
groundwater. 

The primary treatment goal is to remove the PFC’s from the raw water, followed by 
reduction or removal of other known contaminants and upcoming UCMR’s that may be of 
concern.  The other volatiles and contaminants listed in Table 3-1 is the secondary goal of 
implementing a new treatment process.   

Total organic carbon (TOC) reduction with a new treatment process is also a benefit which 
would improve the disinfection byproduct results in the finish water.  The benefit of 
reducing TOC levels has a two-fold effect, addressing the short-term treatment goals and 
allow long-term continued use of the system. 
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3.1 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 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 

Unit
Influent 
(range)

Effluent 
Requirement 

(max)*
Water Quality

PFC (PFOS)* ng/l 70 - 400 50
PFC (PFOA)* ng/l 20 - 50 20
PFC (PFOS + PFOS) (max) ng/l 100 - 500 60
1,4-Dioxane* ug/l 0.130 -
cis-1,2-Dichloroethylene (DCE) ug/l 3.1 -
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 5.0 -
Tetrachloroethylene (PCE) ug/l 5.0 -
Vinyl Chloride ug/l 0.1 -
Chlorobenzene ug/l 0.34 -
Benzene ug/l 1.30 -
TOC mg/l 5.0 - 8.0 -
UVA 254 cm-1

0.1 - 0.35 -
pH - 7.2 -
Alkalinity (as CaCO3) mg/l 286 -

Calcium hardness (as CaCO3) mg/l 294

Iron mg/l 0.43 -
Hydrogen sulfide mg/l 0.2 - 0.6 -
Ammonia (as N) mg/l 0.16 -
Temperature deg F 81 -

BV to 50% breakthrough* (min) 10,000
*  UCMR3 List

Table 3.1 - PERFORMANCE CRITERIA for FULL-SCALE GAC 
SYSTEM

Parameter
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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 
 Brine disposal includes waste of elevated chloride loaded waste stream through a 

dedicated forcemain to the deep injection well, resulting in significantly higher costs 
recent experience does not require regeneration of resin 



CITY OF STUART FIG-A

PROPOSED SHORT TERM
MODIFICATIONS -  ION

EXCHANGE (IX)
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3.1.1 Conceptual Level Engineer’s Opinion of Probable Cost 
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 Table 3-1 below. 

Table 3-1. 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 Table 3-2.  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.  Table 3-2 below provides a 
summary of the estimated costs for the ion exchange treatment alternative. 

3.2 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). 
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Table 3-2. Conceptual Level AIX Capital Cost Estimate 

 

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 

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  $                     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  
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is anticipated that the 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 



CITY OF STUART FIG-B

PROPOSED SHORT TERM
MODIFICATIONS -

GRANULAR ACTIVATED
CARBON
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 Capital expense for installation is low compared to other alternatives 
 Allows hardness and alkalinity through for treated water stability 

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 

3.2.1 Conceptual Level Engineer’s Opinion of Probable Cost 
 
Estimated operating costs for the various treatment levels is presented in Table 3-3 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. 

Table 3-3. Conceptual Level Annual GAC Operational Cost Estimate 

  

The conceptual level of capital costs estimated for GAC treatment construction are shown in 
Table 3-4.  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 

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  
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backwash systems and controls needed for full operation of the GAC treatment system.  
Table 3-4 below, provides a summary of the estimated costs for the GAC treatment 
alternative. 

Table 3-4. 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  
 

3.3 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 (Figure C) 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 
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 Operator interaction and instrument technician required for day to day operation 

3.3.1 Conceptual Level Engineer’s Opinion of Probable Cost 
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. 
 
Table 3-5. Conceptual Level Annual Membrane Operational Cost 

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 Table 3-6.  The estimated costs are based on producing the 
average day demand flow rate of 0.525 MGD.  The cost shown includes the membrane 
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treatment systems, as well as the ancillary cleaning system, concentrate storage and 
disposal systems.   

Table 3-6. 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  
 

3.4 OTHER TREATMENT OPTIONS  
The following methods of treatment are primarily research driven and show some degree of 
effectiveness, either as standalone process or in addition to other forms of treatment such 
as GAC, IX, or together.  These were not further evaluated, but were not ignored since this 
contamination is emerging and still being defined. 

Advanced oxidation processes (AOP’s), such as chemical oxidation, electrochemical 
oxidation, ultraviolet treatment, photolysis, photocatalysis, activated persulfate oxidation, 
and other oxidative reduction processes, appear to be successful in degrading PFASs, 
especially 
PFOA and PFOS.    
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Electrochemical oxidation destroys contaminants through two mechanisms: (1) direct anodic 
or (2) indirect. When contaminants are destroyed by direct anodic oxidation, contaminants 
will adsorb onto the anode surface and are destroyed by an electron transfer reaction. In 
indirect oxidation, contaminants are destroyed in solution by oxidation through strong 
oxidants generated by cathodic electrochemical reactions.  This process has been used to 
treat many different contaminants, including phenols, dyes, and endocrine-disrupting 
chemicals.  Electrochemical oxidation can have long life spans and is versatile, energy 
efficient, automated, and cost-effective. It can also be used on different volumes of gases, 
liquids, and solids and is relatively easy and inexpensive to construct and operate.  There are 
a wide variety of electrode materials that can be used, however, their cost is a major 
limitation as well as the difficulty of building the electrodes compared with other electrode 
materials.  In general, electrochemical oxidation has some limitations.  Production of toxic 
by-products may also occur when treating PFAS-contaminated wastewater mixed with other 
harmful substances, including chlorine gas, hydrogen fluoride, bromate, perchlorate, and 
absorbable organic halides. Future research is needed for these options since degradation of 
different PFASs, including polyfluoroalkyl compounds can occur. Furthermore, only two 
studies have observed PFAS destruction when using electrochemical oxidation in the 
presence of aqueous film-forming foams (AFFF) impacted or PFAS-contaminated synthetic 
groundwater. More studies need to be conducted with environmental matrices to determine 
whether electrochemical oxidation is suitable for PFAS remediation.  Photolysis, 
photocatalysis, activated persulfate oxidation, and other UV-induced oxidation are also 
promising treatment methods, but again, require similar research as electrochemical 
oxidation have not been fully developed into full scale implementation. 
 
Thermal degradation of PFASs involves breaking the C–C and C–F bonds with high 
temperatures to produce perfluoroalkyl radicals that will subsequently decompose and form 
similar degradation products as photolytic treatment of PFASs. Thermal treatment methods 
include thermal chemical reactions, incineration, sonochemistry, sub- or supercritical, 
microwave-hydrothermal, and high-voltage electric discharge, all of which are still in 
research modes. 
    
Incineration is one of the most common ways to destroy hazardous compounds and to 
reduce waste, but can result in harmful emissions. Incineration of PFASs, including PFOS, 
ammonium perfluorooctanoate (APFO), and PFOA, has been successful at temperatures 
ranging from 600 degrees Celsius to 1,000 degrees Celsius (USEPA, 2003; Krusic and Roe, 
2004; Krusic et al., 2005; Yamada et al., 2005; Taylor et al., 2014).  
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Sonochemical degradation of PFASs is another treatment process that occurs through the 
application of ultrasound to an aqueous medium. When ultrasound is applied, cavitation 
bubbles form during the rarefaction (negative pressure) portion of sound waves. The 
cavitation bubbles will implode, creating extreme temperatures and pressures (14,000 psi) 
within its cavity.  Highly reactive intermediates and radicals, including hydroxyl radicals, 
hydrogen atom, and oxygen atom, form during cavitation bubble collapse.  This combination 
of highly reactive species and high temperatures and pressures has made sonolytic 
decomposition of PFASs successful, but again is only at the research level. 
 
Microbial degradation of PFASs has only been observed to occur with polyfluoroalkyl 
substances.  Several other studies have used different treatment methods to degrade PFASs, 
including ozonation under alkaline conditions, permanganate, and ball milling.  Ozonation is 
a commonly used advanced oxidation processes (AOP) in at least one-third of water 
treatment plants in the United States.  Ozonation of PFOA and PFOS was viable within 4 h 
when pretreating with O3 at pH 4–5, followed by pH adjustment to 11, but environmental 
matrices containing humic acid may inhibit ozonation (Lin et al., 2012a). Permanganate is 
also widely used as an oxidizing agent for iron and manganese, taste and odor control, 
microorganism control, and degradation of other hazardous pollutants.  Permanganate 
removed about 50% PFOS, but with only 5% fluoride yield at elevated temperatures and very 
low Ph (65 degrees Celsius and pH 4.2).  Although complete PFOS decomposition could not 
be achieved, degradation efficiency of permanganate improved with increasing 
temperatures and was not inhibited by the addition of organic acids, including oxalic, 
tartaric, succinic, citric, and humic acid. 
 
In contrast to ozone and permanganate, ball milling is a type of mechanochemical (MC) 
destruction method that has been used to destroy PFOS and PFOA (Zhang et al., 2013b). 
Reactions take place at the surface of the ball mills while mechanic force is applied, such as 
shaking. This process effectively destroyed PFOS (<0.2% PFOS remained with 92.3% fluoride 
yield) after 6 h of ball milling. When potassium hydroxide (KOH) was added, PFOS and PFOA 
were completely destroyed with higher fluoride yields.  This treatment option is energy 
intensive and requires significant storage capacity due to the residence times required. 
 
In general, most of these advanced treatment options are still considered research at the 
time of writing this report, and do not have any known full-scale installations with any 
proven operational track record.  Therefore, further consideration of these treatment 
options is not feasible or recommended at this point. 
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4 PILOT TESTING 

Given the relatively minimal testing history and research completed on PFCs and the limited 
full scale treatment systems that have been in operation, it was recommended that the City 
of Stuart perform a pilot test immediately to identify the best method of treatment for the 
Utility.  Specific technologies to be tested include GAC, NF, low pressure RO, and ion 
exchange (jar test and pilot test level) as those technologies showed the most effective 
removal of PFCs in the research that has been conducted.  The pilot testing will help to 
identify the operating costs related to regeneration of the GAC and ion exchange medias, as 
well as the feed pressures effective for membrane treatment.  Further, design specifics can 
be identified to support the preliminary and final design of the full-scale treatment.   

It is important to dedicate the pilot testing to the worst case supply to ensure that the 
desired level of water quality can be obtained as well as develop a conservative review of 
the capital and operating costs.  In the City of Stuart’s Utility, it is recommended to identify 
the worst case source water and commence the pilot testing at that location.  Should the 
well not present access for pilot testing onsite, a split stream of the water supply can be 
plumbed to the nearest available area for operating the various pilot testing units. 

Pilot testing IX was not initially conducted due to the significantly higher capital costs 
associated with constructing a separate pipeline to the WWTP for disposal of spent brine 
regenerant to the WWTP, and additional costs and handling of salt and brine for the 
regeneration.  Simply disposing of the spent regenerant to the WWTP would create higher 
than desired salinity in the treated wastewater effluent used in the City’s reclaim system as 
well.  However, once the GAC pilot testing was completed, Evoqua installed IX resins in the 
vessels in order to conduct some long-term testing of PFC removal using a Dowex PSR2 Plus 
IX resins.   

4.1.1 GAC Pilot Testing – Conducted 
GAC pilot testing offers a lot of flexibility in performing tests quickly and efficiently.  The pilot 
testing recommendation includes securing a four-column GAC pilot where multiple carbon 
manufacturers and carbon bases can be compared and conducting a small scale rapid 
column test (RSSCT).  Onsite monitoring and sampling will be required to ensure that all PFC 
parameters can be tracked as the media exhausts its adsorption capabilities.   

 
Additional pilot testing was recommended and completed by Calgon Carbon Corporation 
(CCC) by taking a water sample from the respective well, sending the sample to the 
manufacturer’s lab to complete an accelerated column test (ACT), which can provide a more 
rapid insight into the carbon’s removal capabilities than a column test stand.  While the 
RSSCT’s and ACT’s aren’t anticipated to be 100% scalable to the full-scale treatment, they 
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should give a strong indication as to the water quality expectations, regeneration frequency, 
and anticipated breakthrough timeframes.  The current results from the ACT are provided 
below and summarized in the attached report, Accelerated Column Test (ACT) Study: 
Removal of Perfluorinated Compounds from Groundwater using Filtrasorb 400 12x40 
Activated Carbon, prepared December 5, 2016. 

 
The ACT was conducted using Calgon’s F-400 12x40 activated carbon to determine the bed 
life for reduction of PFCs as well as TOC and Color removal. The column test simulated a 10-
foot diameter vessel containing 20,000 lbs granular activated carbon operating at 500 
gallons per minute. This system and operation conditions simulated a 9.3 minute effective 
bed contact time (EBCT) based upon A.D. packing density, and 10.8 minute EBCT after 
backwashing. At completion, the ACT simulated 500 days of operation. 

 
Figure 1 shows the plotted breakthrough curves for PFOS and PFOA versus simulated days of 
operation. Figure 2 shows the plotted breakthrough curves for TOC and Color versus 
simulated days of operation. The following conclusions can be drawn from the data 
generated in this ACT: 

 
 The feed contained average PFC concentrations of 86 and 13 ppt for PFOS and 

PFOA, respectively, for a combined average of 99 ppt.  
 

 The column effluent achieved initial breakthrough above the minimum detection 
limit after 60 simulated days of operation. The combined effluent concentrations 
for PFOS and PFOA reached higher than 70 ppt after nearly 180 simulated days of 
operation, equating to a carbon use rate of 0.16 lbs GAC per 1000 gallons treated. 
See Figure 1 for plotted breakthrough curves for PFOS and PFOA versus simulated 
days of operation. 

 
 The feed contained an average TOC concentration of 9.6 mg/L (ppm) and an 

average apparent color of 23. 
 
 The column effluent achieved initial breakthrough above detection limit for TOC 

after ~11 simulated days of operation, which equates to a carbon use rate of 2.66 
lbs / 1000 gallons treated.  

 
 TOC achieved 50% breakthrough after ~20 simulated days, which equates to a 

carbon use rate of 1.45 lbs / 1000 gallons treated. The initial breakthrough for 
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color was observed at the same time and reached 50% of feed at ~73 simulated 
days of operation.  

 
 Figure 3 indicates the bed volumes to provide sufficient treatment are greater 

than 20,000.  Assuming the influent concentration of the PFOS/PFOA combined is 
nearly four (4) times the ACT results, the bed volumes are expected to be less 
than 10,000 to provide sufficient treatment of PFC’s to less than the EPA limit of 
70 ppt. 

The ongoing RSSCT column testing being conducted was determined to be inconclusive at 
the time of this report preparation.  Ongoing pilot testing using GAC and AIX concurrently 
and in series will be conducted and presented at a future date, if found to be successful. 

Some of the early testing data suggests several of the following issues should be considered 
in the design of a proposed GAC system.  Some of these include: 

 Iron and TOC levels will affect PFC treatment negatively.  Competition for the 
carbon sites exists when elevated levels of iron and TOC exist, reducing the 
carbons absorption ability for PFC removal.   Additionally, any oxidized form of 
iron which occurs will blind over the top layers of GAC, further reducing the 
absorption capability of the GAC.  Therefore, it is important to prevent oxidation 
of iron prior to the GAC beds. 

 The existing VOC towers may improve GAC performance since they appear to 
reduce overall iron levels in the raw water through the tower packing.  Iron levels 
appear to decrease by more than 50% through the towers based on field testing, 
and since some of the TOC’s are bound up with iron, may also reduce TOC levels 
through the towers.  Historically, the VOC towers are cleaned regularly due to the 
buildup of foulants, of which may be a conglomeration of iron, sulfide (converted 
to sulfur) and organics.  Therefore, the proposed GAC piping confirmation should 
include operating the GAC vessels in series after the VOC towers.   
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4.1.2 Ion Exchange Pilot Testing – Conducted with Evoqua 
Ion exchange treatment was at first, believed to be too expensive due to the disposal of the 
waste brine regenerant.  Concentrating the PFC’s and elevating the salt content in the waste 
stream did not make this option feasible, since the waste could not be disposed of via 
sanitary sewer since most of the treated wastewater was reused for reclaim water.  
therefore, the waste would have to be piped separately to the wastewater plant, where it 
could be pumped and disposed of via the deep injection well (DIW).  The DIW would also 
have to be modified to receive the waste stream, requiring it be converted to an industrial 
rated DIW.  Capital and operating costs would therefore be higher for IX versus GAC.   

Based on the significant additional costs to install a separate pipeline from the WTP to the 
WWTP for brine waste disposal, and the additional costs and handling of salt and brine feed 
system, AIX was initially not pursued further.  However, continued pilot testing was 
conducted by Evoqua as a trial to test some of the ion exchange resins that exhibited PFC 
adsorption.  As pilot testing continued with several types of IX resins, specifically Dowex 
PSR2 plus being the most effective of the ones being tested, the removal efficiency and long-
term removal presented IX to be the most apparent cost effective treatment method for 
removal of PFC’s.   

Figure 4 illustrates the plotted breakthrough curves for PFOS and PFOA at different resin 
depths, versus bed volumes.  Compared to GAC, the breakthrough of combined PFOA and 
PFOS was more than 20 times longer than GAC using the design limit of 38 PPT.  Typically, 
the break even costs of GAC vs IX are in the range of 4:1, with GAC being 4 times less 
expensive per cubic foot than IX.  
 

 Similar to the GAC testing, the feed contained an average TOC concentration of 
10 mg/L (ppm) and an average apparent color of 25.  The resin treatment 
appeared to be unaffected by these constituents, assuming the iron was no 
oxidized and suspended material did not foul the resin. 

 Figure 4 indicates the bed volumes to provide sufficient treatment are greater 
than 200,000, assuming  PFC level breakthrough is less than the 38 PPT design 
level.   

 Based on extensive literature review, laboratory testing capabilities, on-going 
research, and stricter water quality requirements in other states, it is 
recommended the City target treatment removal levels less than 10 ng/L up to 20 
ng/L combined PFOS/PFOA.  

 With these lower target removal levels, it is anticipated IX can remove PFC’s up to 
150,000 bed volumes.  
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4.1.3 Membrane Pilot Testing – Not Conducted 
Reverse osmosis (RO) treatment has been identified as a more effective treatment alternative for 
removing PFCs, mostly due to the molecular weight cutoff for membrane rejection compared to 
the relatively large molecular weight of the PFCs.  Across all sizes of carbon chains, the removal 
has been identified as greater than 90% for most contaminants and over 95% for the remainder 
of the PFCs.  Pilot testing for reverse osmosis is very similar to the steps described for NF with the 
exception of the membrane used for piloting.  Generally, the units available to test NF are also 
capable of producing the higher pressures needed to operate RO membranes. 

 
Nanofiltration (NF) offers a low operating cost membrane treatment alternative due to its low 
driving pressures and lower rejection which helps stabilize the permeate stream with minimal 
post treatment re-stabilization needed.  Research indicates high removals (greater than 95% 
rejection) of PFCs which should be confirmed on the actual water source.  In order to test the NF 
membrane’s rejection capabilities, analyzing a single element’s performance can be completed 
quickly and efficiently using a single element test unit fed with raw water.  Additional multi-
element pilot testing with concentrate staging is necessary to identify representative full-scale 
feed pressures, fouling conditions, recovery optimization and further water quality confidence.  
These tests are typically achieved through a 4-inch element pilot configured with concentrate 
staging and potentially inter-stage boost pumps as required to simulate full-scale treatment 
conditions. 

5 DESIGN CRITERIA 

Each of the treatment alternatives present varying levels of treatment for consideration by the 
City.  To confine the treatment expectations, the following subsections quantify the general 
design parameters for each alternative. 

5.1 GRANULAR ACTIVATED CARBON  
Based on the potable water capacity needed for supply to its customers, the City’s minimal 
design conditions and equipment are defined within Table 5.1 below. 

The GAC system is relatively efficient in water production.  The waste is composed of 
backwashing and rinsing of the media beds both on media replacement and with the routine 
operation.  Much like a traditional filter, the GAC media will collect debris which will increase the 
differential pressure of across the media.  As the differential pressure reaches a design set point, 
the media will require a 30-minute backwash followed by a 10-minute rinse.   Each time the 
media is reloaded after regeneration, a backwash and rinse cycle is initiated prior to turning the 
vessel back into operation.   
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The backwash system incorporates a backwash pump, storage tank and disposal to an onsite 
wastewater collection system.  Backwash flow rates for the GAC are 15 GPM/ft2 or 1,200 GPM 
for 30 minutes duration with a 10-foot diameter vessel.  Following the backwash, a rinse is 
required to remove any fines or remaining debris at 3 GPM/ft2 or 240 GPM for a duration of 10 
minutes.  Total flows utilized in the backwash process are shown in Table 5-1 below: 

Table 5-1. Backwash Criteria 

Cycle Flow Rate (GPM) Total Consumption (Gallons) 
Backwash Cycle 1,200 GPM 36,000 Gallons 

Rinse Cycle 240 GPM 2,400 Gallons 
 

The anticipated backwash frequency can vary based on the constituents found in the raw feed 
water.  Similar systems are backwashing each vessel once per week.  Utilizing two vessels, the 

Unit Value
Design Flow

Maximum Daily Flow MGD 0.750
gpm 521

Average Daily Flow MGD 0.640
gpm 444

GAC Contactor Vessels
Type
Number each 2
Flow per Vessel gpm 222
Diameter ft 10
Height (min) ft 20

GAC Media
Type
Media Depth ft 8.50
Effective particle size (min-max) mesh 8 - 40
Specific Gravity 0.6
EBCT (min) min 10.00
GAC weight (approx, min) lbs 20,000
Density (min) 26
Filtration Rate gpm/sf 2.83
Backwash Rate gpm/sf 15.3
Backwash Rate gpm 1200

TABLE 5.1

Parameter

DESIGN CRITERIA for FULL-SCALE GAC SYSTEM

Vertical, Round

coal- or coconut -based
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quantity of waste stream water pumped to the influent of the wastewater treatment plant 
through the backwashing and rinse cycles totals approximately 77,000 gallons per week or an 
average of 11,000 gpd.  Given the relatively large flow rate over the backwash cycle and the 
potential to surge the wastewater system, it would be necessary to provide a backwash waste 
storage tank to store and slowly repump the waste stream to the wastewater treatment 
headworks.    

The proposed process flow diagram (PFD) includes two GAC absorber vessels that can be 
operated in parallel or series, and provide adequate GAC bed volume to treat up to 0.75 mgd 
(520 gpm) of raw water capacity, which supports water from wells 1, 3, and 5 having 180 gpm, 
180 gpm, and 140 gpm of pumping capacity, respectively.  The proposed piping configuration 
provides flexibility to treat raw water prior to and after the VOC towers, and discharges treated 
water to the suction of the VOC effluent pumps, or after prior to the lime softening treatment 
units (see Figure C-1).   

5.2 ION EXCHANGE 
Based on pilot testing of the IX resin, and the fact that the resin would and could not be 
regenerated to remove the PFC’s, the design of an IX treatment system that would be used to 
treat PFC’s to exhaustion was developed with some of the following criteria.   

 The resin should not be backwashed once installed initially as it alters chromatographic 
profile across the resin bed and can result in early breakthrough of PFA’s and shorter 
service life 

 Prefiltration is necessary to prevent buildup of suspended solids on the resin and blinding 
over of the resin.  10 – 50 micron (µm) bag filters recommended. 

 Lead/Lag operation recommended to maintain effluent PFC levels below non-detect.  Once 
breakthrough on lead, resin regenerated OR removed and disposed of and lag put into lead 
service.   

 Acrylic based resins shed TOC better when considering regeneration with brine and 
removal of NOM.  Therefore, regeneration should not be implemented for PFC removal. 

 Since PFC treatment system only rated for 4 mgd, up to 2 MGD of bypass to the VOC towers 
(current operation) could be provided through either a dedicated pump, or control bypass 
valve. 

 Prechlorination of the IX resin is not recommended by any of the resin manufacturers and 
can breakdown the resins.  Therefore the location of the IX system within the existing 
treatment system should be before chlorination, or prior to the VOC towers. 

 The IX system should be designed to allow full treatment of the raw water system since 
detectable levels of PFC’s exist in the majority of supply wells (see Figure A) 

 Other volatiles and contaminants are not expected to affect the IX resin, but should be 
listed and tested to confirm there is no impact on the PFC removal effectiveness.  Table 5.2 
provides the constituents of concern. 
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Detected 
range units

HAL/
MCL units

Design Raw 
Water (ug/L)

Target 
Reduction 

(ug/L)
Methyl-tert-butyl-ether 1.8 ug/L U ug/L 1.8 -
1,1-Dichloroethane 0.23 ug/L U ug/L 0.23 -
Chloromethane 0.38-0.51 ug/L U ug/L 0.51 -
Tetrachloroethylene (PERC) 0.65 ug/L 0 ug/L 0.65 -
1,2-Dichlorobenzene 0.25 ug/L 600 ug/L 0.25 -
Benzene 1.3 ug/L 0 ug/L 1.3 -
Vinyl Chloride 0.8-12.5 ug/L 1 ug/L 1.3 -
cis-1,2-Dichloroethylene 0.3-42.4 ug/L 70 ug/L 40 -
trans-1,2-Dichloroethylene 1.1 ug/L 0.1 ug/L 1.1 -
Chlorobenzene 0.34 ug/L 100 ug/L - -

Perfluorooctanesulfonic acid (PFOS) 0.051-0.470 ug/L 0.070 ug/L 0.500 ND (0.0025)
Perfluorooctanoic acid (PFOA) 0.014-0.052 ug/L 0.070 ug/L 0.100 ND (0.0012)

Perfluorononanoic acid (PFNA) 0.011-0.014 ug/L 0.014 -
Perfluoroheptanoic acid (PFHpA) 0.0035-0.027 ug/L 0.027 -

Perfluorohexanesulfonic acid (PFHxS) 0.011-0.26 ug/L 0.26 -
Perfluorobutanesulfonic acid (PFBS) 0-0.041 ug/L 0.041 -

Perfluoro-1-hexanesulfonic acid 0.015-0.47 ug/L 0.47 -
Perfluoro-1-octanesulfonic acid 0.046-0.38 ug/L 0.38 -

Hydrogen Sulfide (Total) 0.1 - 0.8 mg/L 0.6 -
Sulfate 10 - 25 mg/L 250 15 -
Chloride  25 -60 mg/L 250 50 -
Nitrate <8 mg/L 10 5 -
Alkalininty (as CaCO3) 210 - 310 280 -
TOC 3.7 - 10.4 mg/L 8.0 -
Iron 0.04 - 0.65 mg/L 0.3 mg/L 0.5 -
Color 15 - 40 CU 15 CU 30 -
pH 7.0 - 7.6 7.4 -
Calcium Hardness (as CaCO3) 280 - 350 300 -
TDS 320 - 410 mg/L 500 mg/L 410 -
VOC's 6/7/2018

Parameters to Remove

City of Stuart - Detected Constituents in Raw Water 
TABLE  5.2
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The following design criteria was developed based on resin manufacturer performance data 
and pilot test results.  In general, the treatment system should include lead/lag operation, 
where treatment vessels are operated in series, providing the ultimate barrier in preventing 
any breakthrough of PFC’s before they are detected.  Since there is no on-line continuous 
monitoring of PFC’s test equipment currently available, this is the preferred method of 
operation. 

IX DESIGN CRITERIA 

Pretreatment:     Bag Filters (10 micron) 
 
PFC Treatment 
Capacity:      75% Full Scale    
       (WTP  = 6 MGD MDF) 

4.0 MGD (2,800 gpm)   
Number of Vessels:     4 w/ 1 O/S    
Vessel Diameter:     12 ft     
Vessel Area:      113 sq ft    
Orientation:      Lead/Lag (series)   
Loading:      12.4 gpm/sqft     
       700 - 1,400 gpm/vessel   
Vessel SW Depth:     9 ft (8.0 – 10.0 ft)   
dP across vessel:     1.5 – 2 psi/ft bed   
       5.25 – 10 psi    
Empty Bed Contact Time (EBCT) resin:  2.4 – 3.0 minutes   
Resin Depth:      4 ft – 5 ft    
Resin Volume:      452 cft/vessel 

565 cft/vessel (max) 
1,808 - 2,260 cft TOTAL 

Topping/Guard Depth:    0 - 1 ft  
Topping/Guard Volume:    113 cft/vessel 
       452 cft TOTAL     
Resin Types:      Purolite - PFA694E 

DOW - Dowex PSR2 
Calgon - CalRes 2301, CalRes 2304 

Topping Type:      Ion Exchange Resin 
Granular Activated Carbon (GAC)  

       
Desired Treatment Capacity (to non-detect) 
 

Design    80,000 BV (Bed Volumes)  
Maximum projected   150,000 BV (Bed Volumes) 
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5.3 MEMBRANE TREATMENT 
Based on the potable water capacity needed for supply to its customers, the City’s minimal 
design conditions and equipment are defined within the following table: 

 

Membrane treatment was not piloted or pursued further due to the costs and successful removal 
using IX treatment.  Additionally, the existing lime softening treatment process currently in-place 
provides hardness removal, membrane softening, or nanofiltration would be a duplicated 
treatment process. 

 

 

 

 

 

Unit Value
Design Flow

Maximum Daily Flow MGD 0.750
gpm 521

Average Daily Flow MGD 0.640
gpm 444

Permeate Daily Flow MGD 0.750
gpm 521

Concentrate Daily Flow MGD 0.132
gpm 92

Membrane Elements
Membrane Element Diameter inches 8
Membrane Element Length inches 40
Nominal Membrane Surface Area ft2/element 400
Vessel Length elements 7

Membrane Treatment Trains
Treatment Trains units 2
System Average Flux g/ft2/day 15
Minimum Recovery percent 85%
Membrane Array ratio 2:1
SCADA Automation - -

DESIGN CRITERIA for FULL-SCALE MEMBRANE SYSTEM
Parameter
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6 SUMMARY AND RECOMMENDATIONS – SHORT-TERM OPTIONS  

Several treatment processes were evaluated to determine the best fit for the short-term and 
long-term approach to solidify the City’s potable water production needs.  The primary concern 
for this evaluation focused on emerging contaminants removal in order to achieve compliance 
with the current and oncoming UCMR regulations.  The short-term solutions are defined with 
recommended steps for pilot testing, full-scale implementation and operation.  The long-term 
solutions are conceptual in nature and require a much more thorough investigation to select a 
permanent solution. 

6.1 REVIEW OF TREATMENT ALTERNATIVES 
Multiple alternative treatment methods were evaluated using previous experience and current 
water quality parameters to treat the current surficial aquifer supply as the primary water 
source.  The three short-term alternatives that research suggests significant water quality 
improvement based on the projected performance are GAC, membranes, and ion exchange 
treatment.  Each was compared for operating and capital cost as well as their respective net 
present value as shown in Table 6-1 below.  The combination of capital and operating costs are 
plotted in Figure 6 to project the annual expense over the first 20 years of operation. 

6.2 SHORT-TERM RECOMMENDATIONS 
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. 

Table 6-1. Capital, Operating and NPV Cost Summary 

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.  Table 6-1 
highlights the operational and capital expense for operating the facility over the course of 20 
years.  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 
Figure 6 and numerically with the net present value shown in Table 6-1. 

 

Figure 6. Capital and Operating Cost 20-Year Projection 
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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.   

SUMMARY OF SHORT-TERM OPTIONS 

The shallow aquifer is becoming less dependable and susceptible to emerging contaminants of 
concern and unregulated compounds that may or will become more regulated in the future.  IX 
provides the most cost effective option, based on capital costs and operating costs within and 
beyond a 20-year life-span.  Operating costs, however, are dependent on raw water PFC, TOC, 
and iron concentrations, since GAC regeneration frequency is greatly affected by these 
parameters.   

Based on the research conducted on PFC’s, pilot testing, and evaluation of the existing water 
treatment plant, the following recommendations are provided: 

A. Based on no initial capital costs to connect to Martin County Utilities, and the cost to 
purchase water from Martin County, this option is the most cost effective short-term (3-
year) solution, and addresses the immediate need to meet system demands.  If the 
system demands do not exceed the current water plant treatment capacity, then there is 
no cost to the City. 
 

B. IX is the best suited treatment method for this application as a short and long- term 
solution to the PFC contamination issue, based on costs, implementation and estimated 
flows of 525,000 gpd average daily flow.  Considering the wide variations in PFC 
concentrations from well S-3, operational adjustments described herein can be 
implemented to help maintain a consistent PFC feed concentration to and exiting the IX 
treatment system. 

 
C. Pilot testing demonstrated that iron and TOC can greatly affect treatment effectiveness 

and efficiency of GAC.  Effectiveness is dictated by: 
 Total Organic Carbon (TOC)  
 Iron (Ferric & Ferrous) 
 Variable PFC levels 

 
Most installed systems that utilize GAC for PFC removal are low in TOC levels (< 3.0 - 
5.0 mg/l), whereas TOC levels in the City’s wells 1, 3, and 5 range from 6.0 to 10.0 
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mg/l, and the ACT pilot testing experienced greater than 10.0 mg/l.  Elevated TOC 
levels in the raw water result in the PFC’s competing for adsorption sites, rapidly 
diminishing the GAC’s ability to absorb PFC’s. 
 
Although iron may be bound up with the TOC, any oxidation of the iron will tend to 
“blind” over the GAC sites, preventing any absorption of the other PFC contaminants 
from the raw water and short-circuiting of the GAC bed.   
 
The PFOS levels in the raw water have varied wildy, from undetected (0.0058 ug/l)   
up to more than 2,100 ug/l.  Coupled with elevated levels of TOC and iron, careful 
monitoring of the effluent must be implemented.   
  

D. Reduce flows from well S-3 in order to control PFC levels to treatable levels, using well 
flows from S-1 and S-5 capacities.  Operational adjustments can be implemented with 
the GAC system. 
 

E. IX provides specific treatment and removal of PFC’s, allowing hardness and alkalinity to 
pass through.  This provides the ability to stabilize a future water treatment process 
which may utilize reverse osmosis (RO) treatment of an alternative water supply being 
the Floridan aquifer. 

 
F. The IX system will provide pretreatment to the existing VOC towers, currently rated for 

1,020 gpm to 1,400 gpm.  Specific volatiles (VOC’s) such as Vinyl Chloride are typically not 
absorbed by IX, and therefore the towers must still be used where other contaminants 
exist in the same raw water.  

 
G. Nanofiltration is considered the best available technology, but is redundant to the 

existing conventional lime softening and filtration system.  If the conventional treatment 
system is ever demolished in the future, then NF treatment would be the best suited 
treatment system. 

 
H. Consideration of converting a NF membrane system designed for organics and PFC 

removal, could be later converted to brackish RO membrane treatment system, and may 
be considered in the long-term future alternative water supply evaluation. 

 
I. From a regulatory perspective, although the PFC levels are not enforceable and do not 

carry a maximum contaminant level, the goal should still be to reduce PFC’s to well 
below the health advisory levels (HAL), and possibly as low as current lab technology can 
detect.  Based on extensive literature review, laboratory testing capabilities, on-going 
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research, and stricter water quality requirements in other states, it is recommended the 
City target treatment removal levels less than 10 ng/L up to 20 ng/L combined 
PFOS/PFOA.  
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INTRODUCTION 
 
Calgon Carbon Corporation’s, hereinafter CCC, services were requested by the City of 
Stuart, FL to conduct an Accelerated Column Test (ACT). The ACT will evaluate the 
performance capacity of Filtrasorb 400 (F-400) 12x40 mesh granular activated carbon 
(GAC) for the removal of perfluorinated compounds (PFCs), total organic carbon (TOC), 
and color from potable groundwater. 
 
PFCs are used in many industrial and commercial applications including non-stick 
cookware, fire-fighting foam, and stain resistant fabrics. They are problematic because of 
their persistence in the environment and their long half-life in humans. In general, PFCs 
are separated into main categories: perfluoroalkyl sulfonates (PFAS) and long-chain 
(greater than 8 carbons) perfluroalkyl carboxylates (PFAC). The two major PFCs of 
interest are perfluorooctane sulfonic acid (PFOS) and perfluorooctanoic acid (PFOA) due 
to their predominance in industrial applications. In the United States, the EPA Health 
Advisory Exposure Limit for PFOS and PFOA is 70 ng/L (ppt) in treated water. 
 
 
SUMMARY and CONCLUSIONS  
 
The ACT was conducted using F-400 12x40 activated carbon to determine the bed life 
for reduction of PFCs as well as TOC and Color. The column test simulated a 10-foot 
diameter vessel containing 20,000 lbs of granular activated carbon operating at 500 
gallons per minute. This system and operation conditions simulated a 9.3 minute EBCT 
based upon A.D. packing density, and 10.8 minute EBCT after backwashing. At 
completion, the ACT simulated 500 days of operation. The data tables for the column 
effluent as well as the feed can be found in Tables 1 and 2 respectively. 
 
 
Figure 1 shows the plotted breakthrough curves for PFOS and PFOA versus simulated 
days of operation. Figure 2 shows the plotted breakthrough curves for TOC and Color 
versus simulated days of operation. The following conclusions can be drawn from the 
data generated in this ACT: 
 

 For PFC Removal: 
 

o The feed contained average PFC concentrations of 86 and 13 ppt for 
PFOS and PFOA, respectively, for a combined average of 99 ppt.  
 

o The column effluent achieved initial breakthrough above the minimum 
detection limit after 60 simulated days of operation. The combined 
effluent concentrations for PFOS and PFOA reached higher than 70 
ppt after nearly 180 simulated days of operation, equating to a carbon 
use rate of 0.16 lbs GAC per 1000 gallons treated. See Figure 1 for 
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plotted breakthrough curves for PFOS and PFOA versus simulated 
days of operation. 
 

 For TOC/Color Removal: 
 

o The feed contained an average TOC concentration of 9.6 mg/L (ppm) 
and an average apparent color of 23. 
 

o The column effluent achieved initial breakthrough above detection 
limit for TOC after ~11 simulated days of operation, which equates to 
a carbon use rate of 2.66 lbs / 1000 gallons treated.  
 

o TOC achieved 50% breakthrough after ~20 simulated days, which 
equates to a carbon use rate of 1.45 lbs / 1000 gallons treated. The 
initial breakthrough for color was observed at the same time and 
reached 50% of feed at ~73 simulated days of operation. See Figure 2 
for plotted breakthrough curves of both TOC and Color versus 
simulated days of operation. 

 
 

EXPERIMENTAL 
 
ACT Design 
 
The ACT design simulated a 10-foot diameter vessel containing 20,000 lbs of F-400 
granular activated carbon, operating at 500 GPM, and providing 9.3 minutes EBCT based 
on A.D. packing density and 10.8 minute EBCT after backwashing.  
 
A description of the Accelerated Column Test is in Appendix B. 
 
ACT Carbon Preparation  
 
A current production sample of F-400 was systematically re-sized to 100x325 mesh for 
use in the ACT. The test carbon was oven dried at 105°C for 16 hours then allowed to 
cool in a desiccator until placed in a column.   
 
After installation in the test column, and prior to the introduction of the feed water, the 
carbon was pre-wetted with Milli-Q water for approximately 16 hours.  
 
See Appendix A for the Activated Carbon Sales Specification Sheet. 
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ACT Feed Preparation 
 
CCC received two 55-gallon drums from Stuart, FL on August 31, 2016. The drum was 
stored in a walk-in cooler maintained between 2-8°C until the study began.  
 
ACT Sampling 
 
PFC effluent samples were collected 1x daily, TOC effluent samples 2x daily, Color 
effluent samples 1x daily, and inlet samples less frequently and periodically. TOC 
fractions were collected into sealed 40-mL VOA vials and PFC/color samples were 
collected into 500-mL trace-clean amber glass bottles, via automated sample collectors. 
 
PFC samples were transferred into 250 ml high-density polyethylene (HDPE) bottles 
with Trizma® preservative. Select samples were placed on ice and shipped (overnight) in 
a cooler lined with ice to the Eurofins laboratory in Monrovia, CA with a COC 
identifying the samples. 
 
The flow rate of the ACT was closely monitored throughout the study. Composite 
samples of the ACT effluent, minus discrete samples for TOC and PFC analysis, were 
collected and measured on a daily basis. From this data, an average flow rate was 
calculated.     
 
Analytical 
 
TOC samples were analyzed in CCC’s analytical laboratory according to the described 
method: 
 

Standard Methods [SM 5310B] Total Organic Carbon, High Temperature 
Combustion Method 
 

250-mL samples were sent to Eurofins for PFC testing according to the following 
method: 
 
 EPA 537 - Perfluorinated Alkyl Acids 
 
 
500-mL samples were sent to TestAmerica Pittsburgh for Apparent Color testing 
according to the following method: 
 
 Standard Methods [SM 2120B] Color, Colorimetric
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Table 1: Column Effluent Data 
 

Date/Time 
Simulated 

Days of 
Operation 

TOC (ppm) PFOS 
(ppb) 

PFOA 
(ppb) 

9/6/16 11:00 1.8 0   9/6/16 23:00 10.7  0 0 
9/6/16 23:00 10.7 3.855   9/7/16 23:00 28.4 7.525   9/8/16 23:00 46.1 8.44   9/9/16 23:00 63.8  0.026 0.0051 
9/9/16 23:00 63.8 8.9   9/10/16 23:00 81.5 9.14   9/11/16 23:00 99.2 9.37   9/12/16 23:00 116.9  0.047 0.0079 
9/13/16 11:00 125.7 9.47   9/15/16 23:00 170.0 9.31   9/16/16 11:00 178.8  0.064 0.01 
9/18/16 11:00 214.2 9.64   9/19/16 23:00 240.8  0.074 0.011 
9/20/16 23:00 258.5 9.69   9/23/16 11:00 302.7 9.65   9/23/16 23:00 311.6  0.078 0.015 
9/25/16 23:00 347.0 9.91   9/26/16 11:00 355.8  0.079 0.016 
9/28/16 11:00 391.2 10   9/30/16 11:00 426.6  0.073 0.014 
9/30/16 23:00 435.5 9.85   10/3/16 11:00 479.7 9.92   10/4/16 11:00 497.4  0.079 0.014 

 
Table 2: Feed Data 
 

Date/Time 
Feed TOC 

Concentration 
(ppm) 

Feed PFOS 
(ppb) 

Feed PFOA 
(ppb) 

9/6/16 8:30 9.561 0.0858 0.0132 
9/6/16 11:00 9.445 0.079 0.01 
9/13/16 11:00 9.52 0.091 0.012 
9/17/16 11:00 9.56 0.094 0.013 
9/27/16 11:00 9.565 0.082 0.016 
10/4/16 11:00 9.715 0.083 0.015 
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Appendix A 

Sales Specification Sheet for F-400 
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Appendix B 
 

ACCELERATED COLUMN TEST PROTOCOL 
 
The Accelerated Column Test (ACT) procedure uses a miniature carbon-filled column to 
rapidly simulate the adsorption breakthrough curve that would be obtained by treating an 
aqueous stream in a large adsorption system. This technique, developed by Calgon 
Carbon Research and Development, has been shown to accurately simulate the carbon 
treatment of a wide range of waters and wastewaters under various conditions. 
 
The principle advantage of the ACT procedure compared to the one-inch diameter 
column adsorption test is its increased speed. Typically, an ACT can be completed in 
1/20th to 1/10th of the time required for a one-inch diameter study. The basic description 
of the ACT system is defined in the article, “High Pressure Technique for Rapid 
Screening of Activated Carbons for Use in Potable Water.” 1 
 
Scale factors for sizing the full-scale adsorbers from the ACT data are developed by a 
proprietary method based on the chemistry of adsorption on activated carbon. To predict 
the volume breakthrough curve for the full-scale adsorber, the ACT results must be 
multiplied by the volume scale factor determined for each carbon type. The time 
breakthrough curve for the full-scale adsorber can be calculated by either of two methods. 
First, one can divide the predicted volumes calculated above by the flow rate of the full-
scale system. Second, one can multiple the run time by the scale factor determined for 
each carbon type. 
 
 
 

 
 
 
 
 
 

 
 

 

                                                 
1 Rosene, M.R., R. T. Deithorn, J. R. Lutchko, and N.J. Wagner, “High Pressure 
Technique for Rapid Screening of Activated Carbon for Use in Potable Water,” Activated 
Carbon Adsorption of Organics from the Aqueous Phase, Vol. 1.  I. H. Suffet and M. J. 
McGuire, editors, Ann Arbor Science, Ann Arbor, MI Chapter 15 (1980) 
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City of Stuart Water Treatment Plant  

Per-fluorinated Compound (PFC) Treatment System 

Basis of Design 
1/24/2018 

 
Pretreatment:     Bag Filters (10 micron) 
 
PFC Treatment 
Capacity:      75% Full Scale    
       (WTP  = 6 MGD MDF) 

4.0 MGD (2,800 gpm)   
Number of Vessels:     4 w/ 1 O/S    
Vessel Diameter:     12 ft     
Vessel Area:      113 sq ft    
Orientation:      Lead/Lag (series)   
Loading:      12.4 gpm/sqft     
       700 - 1,400 gpm/vessel   
Vessel SW Depth:     9 ft (8.0 – 10.0 ft)   
dP across vessel:     1.5 – 2 psi/ft bed   
       5.25 – 10 psi    
Empty Bed Contact Time (EBCT) resin:  2.4 – 3.0 minutes   
Resin Depth:      4 ft – 5 ft    
Resin Volume:      452 cft/vessel 

565 cft/vessel (max) 
1,808 - 2,260 cft TOTAL 

Topping/Guard Depth:    0 - 1 ft  
Topping/Guard Volume:    113 cft/vessel 
       452 cft TOTAL      
Resin Types:      Purolite - PFA694E 

DOW - Dowex PSR2 
Calgon - CalRes 2301, CalRes 2304 

Topping Type:      Ion Exchange Resin 
Granular Activated Carbon (GAC)  

       
Desired Treatment Capacity (to non-detect) 
 

Design    80,000 BV (Bed Volumes)  
Maximum projected   150,000 BV (Bed Volumes) 
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12’ DIAMETER VESSEL – FITTING SCHEDULE 
 

FITTING    SIZE  LOCATION 
Raw Inlet    10”  Top Middle 
Treated Outlet    10”  Bottom (multi or common) 
Sample Ports (3)   1”  Side wall, multiple hgts 
Access Manway   20”  side 
Media Fill manway (Elliptical)  14”x 20” Top, off-center 
Media inlet (fluidized)   4”  Top, center 
Media outlet (fluidized)  4”  Bottom (combined w/ drain) 
Washdown    2”  Top 
Air/Vacuum release   2”  Top 
Drain     4”  Bottom (combined w/drain) 
 

BOOSTER PUMP OPERATING CONDITIONS 
Suction Pressure:  +4 to +9 psi 
Piping losses:   5 – 8 psi 
Vessel/Resin HL:  9 – 21 psi 
Bag Filter HL:   2.5 – 5 psi 
 
Existing Conditions Downstream of Proposed Treatment System: 
VOC Tower inlet Elevation: 27 ft above slab (lowered VOC tower with top section removed) 
VOC Tower spray nozzles: 3 – 8.5 psi (7 nozzles @ 200 gpm each) 
TOTAL TDH:   34 – 63 / 110 ft (w/nozzles) 
Pump Design:  100 ft TDH 
 
Modifications needed to booster pumps to accommodate increase in head loss through vessels, 
piping, etc. 
  
Existing Pumps: 

Quantity:  4 
Capacity:  1,400 gpm @ 45 ft TDH 
Speed:   1,150 rpm 
Motor size:  25 HP 
Two on VFD, Two constant speed 
 

Proposed Modifications: 
     

Quantity:   Replace two (2) existing constant speed pumps  
Capacity:   2,800 gpm @ 85 ft TDH 
Speed:    1,800 RPM    
Motor size:   75 HP 
Electrical:   Two on 75 hp Variable Frequency Drives (VFDs) 

 Existing 25 HP VFD driven pumps to remain 
 
Largest pump O/S must still provide adequate capacity to both systems. 
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Water Quality: 
 

 
 
  

Detected range units

HAL/M

CL units

Design Raw 

Water (ug/L)

Target 

Reduction 

(ng/L)

Methyl-tert-butyl-ether 1.8 ug/L U ug/L 1.8 -

1,1-Dichloroethane 0.23 ug/L U ug/L 0.23 -

Chloromethane 0.38-0.51 ug/L U ug/L 0.51 -

Tetrachloroethylene (PERC) 0.65 ug/L 0.003 ug/L 0.65 -

1,2-Dichlorobenzene 0.25 ug/L 600 ug/L 0.25 -

Benzene 1.3 ug/L 0.001 ug/L 1.3 -

Vinyl Chloride 0.8-12.5 ug/L 1 ug/L 1.3 -

cis-1,2-Dichloroethylene 0.3-42.4 ug/L 70 ug/L 40 -

trans-1,2-Dichloroethylene 1.1 ug/L 0.1 ug/L 1.1 -

Chlorobenzene 0.34 ug/L 100 ug/L - -

Perfluorooctanesulfonic acid (PFOS) 0.051-0.470 ug/L 0.07 ug/L 0.5 ND (2.5)

Perfluorooctanoic acid (PFOA) 0.014-0.052 ug/L 0.07 ug/L 0.1 ND (.25)

Perfluorononanoic acid (PFNA) 0.011-0.014 ug/L 0.014 -

Perfluoroheptanoic acid (PFHpA) 0.0035-0.027 ug/L 0.027 -

Perfluorohexanesulfonic acid (PFHxS) 0.011-0.26 ug/L 0.26 -

Perfluorobutanesulfonic acid (PFBS) 0-0.041 ug/L 0.041 -

Perfluoro-1-hexanesulfonic acid 0.015-0.47 ug/L 0.47 -

Perfluoro-1-octanesulfonic acid 0.046-0.38 ug/L 0.38 -

Hydrogen Sulfide (Total) 0.1 - 0.8 mg/L 0.6 -

Sulfate 10 - 25 mg/L 250 15 -

Chloride  25 -60 mg/L 250 50 -

Nitrate <8 mg/L 10 5 -

Alkalininty (as CaCO3) 210 - 310 280 -

TOC 3.7 - 10.4 mg/L 8.0 -

Iron 0.04 - 0.65 mg/L 0.3 mg/L 0.5 -

Color 15 - 40 CU 15 CU 30 -

pH 7.0 - 7.6 7.4 -

Calcium Hardness (as CaCO3) 280 - 350 300 -

TDS 320 - 410 mg/L 500 mg/L 410 -

VOC's 11/7/2017

Table of Detected Constituents in the City of Stuart Raw Water - Wellfield
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Remarks: 

 The resin should not be backwashed once installed initially as it alters chromatographic 
profile across the resin bed and can result in early breakthrough of PFA’s and shorter 
service life 

 Prefiltration is necessary to prevent buildup of suspended solids on the resin and blinding 
over of the resin.  10 – 50 micron (µm) bag filters recommended. 

 Lead/Lag operation recommended to maintain effluent PFC levels below non-detect.  
Once breakthrough on lead, resin regenerated OR removed and disposed of and lag put 
into lead service.   

 Acrylic based resins shed TOC better when considering regeneration with brine and 
removal of NOM 

 Provide salt regeneration system (portable with tank) that can regen when PFC’s 
breakthrough to see if TOC reduction can all further PFC removal.  Not all resins allow 
this. 

 Since PFC treatment system only rated for 4 mgd, up to 2 MGD of bypass to the VOC 
towers (current operation) should be provided through either a dedicated pump, or control 
bypass valve. 
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Appendix H Certification of Public Health Risk and Well Sampling Results 

 

 

 

 

   

 

 

 

 








