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Abstract 
 

The City of Pompano Beach (City) has a 50 million gallon per day (mgd) water treatment plant 
that includes a 10 mgd nanofiltration (NF) process. The raw water supply is the Biscayne Aquifer, 
which is high in organics (TOC of 20 mg/L as C) and has an iron level of approximately 1.7 mg/L.  
The NF process includes five 2 million gallon per day (mgd) capacity NF units. The units are two-
stage, in a 36:16 array. 
 
From 2008 to 2020, the NF units were populated with a hybrid of membrane element models that 
operated at a recovery rate of 85% and average flux of 13.7 gallons per square foot per day (gfd). 
These membranes were selected to achieve the City’s permeate hardness, permeate iron, and other 
water quality goals (e.g., color, TDS, organics). While these membrane elements were in service 
the City acidified the feedwater to a pH of 5.8 and fed antiscalant at a dosage rate of 1.0 mg/L. 
The cleaning frequency for the NF units populated with these elements was approximately every 
7 to 12 months of run time. 
 
In 2016, the City began an extensive pilot testing program with an objective of developing an 
operating protocol that allows for the complete elimination of acid and antiscalant chemical pre-
treatment and to optimize power costs in an effort to reduce overall operating costs. The results of 
this pilot testing constituted the basis of the performance and permeate quality specifications under 
the subsequent Nanofiltration Membrane Element Replacement Project.  
 
Installation and start-up of the new replacement membranes were complete in May 2020.  The NF 
process has been operating successfully with no chemical pretreatment, meeting all specified 
performance and water quality goals, for approximately two years.  The City has recently 
completed the first round of cleaning of the membranes since their installation.  This paper will 
present the background and selection criteria for the replacement membrane elements and examine 
the full-scale performance of the new membranes as well as the effectiveness of the first cleaning.  
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Background 
 

The City of Pompano Beach (City) is located in northeast Broward County, Florida and provides 
potable water service to a population of approximately 84,000.  The City’s current potable water 
annual average day demand (ADD) is approximately 13.6 million gallons per day (mgd), and the 
maximum day demand (MDD) is approximately 17.4 mgd.  The City owns and operates a 50 
mgd water treatment plant (WTP) that utilizes conventional lime softening (LS) and 
nanofiltration (NF) to treat the raw water.  These processes run in parallel and are blended at 
approximately 40% to 50% NF:LS ratio in a blending clearwell prior to four-log virus treatment 
disinfection and distribution.  Both process streams treat raw water from the shallow Biscayne 
Aquifer, which is high in dissolved organics including precursors for regulated trihalomethanes 
(TTHM) and five haloacetic acids (HAA5).  Typical raw water quality is summarized in Table 1. 
 

Table 1 – Typical Raw Water Quality 
 

Constituent/Parameter Value 
Total Hardness 247 mg/L as CaCO3 

Total Dissolved Solids 495 mg/L 
Color 80 Color Units 

Total Organic Carbon 20 mg/L 
pH 7.2 
Iron 1.70 mg/L 

TTHM Formation Potential 0.40 mg/L 
HAA5 Formation Potential 0.30 mg/L 

 
The City constructed and placed the NF process into service in 2002, which includes five 2-mgd 
NF units.  Each NF unit is two-staged in a 36:16 array, and the system was originally designed to 
operate at with acid and antiscalant chemical pretreatment, 85% recovery rate, and an average 
flux of 13.7 gallons per square foot per day (gfd).  Since placing the NF process into service, the 
City has replaced the membrane elements twice.  
 
The first membrane element replacement occurred in 2009 and the second replacement occurred 
2020.  In 2016, as a precursor to the 2020 NF Membrane Element Replacement Project, select 
membrane elements were subject to rigorous pilot testing to assess the feasibility of optimizing 
power costs  and the complete elimination of acid and antiscalant chemical pretreatment on the 
full-scale NF process.  To facilitate pilot testing the City designed, permitted, and constructed a 
pilot unit with full-size pressure vessels (8-inch diameter, 7-element) in a 2:1 array with 
independent cartridge filters and pre-treatment chemical feed systems.  The pilot unit was 
permitted to withdraw feedwater from the NF process raw water header and discharge permeate 
and concentrate to the plant’s respective headers. Figure 1 presents a schematic of the pilot test 
unit.  
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Figure 1 – Pilot Test Unit Schematic 

 
Pilot testing was conducted in two phases.  Phase 1 was aimed at confirming that the City could 
meet the specified permeate quality and membrane performance requirements with the proposed 
replacement membrane elements under the original operating conditions of full-scale NF process 
(acid and antiscalant chemical pretreatment, 85% recovery rate, and 13.7 gfd average flux) at an 
optimized power cost (i.e., reduced transmembrane pressure).  The objective of Phase 2 was to 
evaluate the performance of the membrane selection and potential fouling tendencies under 
modified operating conditions (elimination of chemical pretreatment). 
 
The conventional approach to NF treatment of the Biscayne Aquifer raw water in Southeast 
Florida includes acidification and application of an antiscalant to the feedwater, similar to the 
City’s previous pretreatment protocol.  However, long-term full-scale operation at a nearby NF 
treatment plant, as well as previous pilot testing conducted in Broward County, have 
demonstrated that stable operation with no chemical pretreatment is feasible under certain 
conditions.  It is believed that the high levels of dissolved organics (humic acids) may act as a 
natural antiscalant under certain conditions.  Controlled conditions during Phase 2 of pilot testing 
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focused on variations in recovery rate and average flux to achieve stable operation without 
chemical pretreatment. 
 
The data collected from both phases of pilot testing served as a basis in specifying permeate 
quality and membrane performance criteria for the 2020 Membrane Element Replacement 
Project, as presented in Table 2.   
 

Table 2 – Specified Permeate Quality and Membrane Performance 
 

Constituent/Parameter Replacement Membranes (2020) 
Bicarbonate 25 to 75 mg/L 

Color < 3 Color Units 
Total Dissolved Solids < 200 mg/L 

Total Hardness Min 25 mg/L as CaCO3 
Iron 0.20 mg/L 

Total Organic Carbon < 1.0 mg/L 
TTHM Formation Potential < 0.040 mg/L 
HAA5 Formation Potential < 0.030 mg/L 

Maximum TMP 73 psi 
 
The pilot testing results indicated that it was feasible to operate the full-scale NF process without 
chemical pretreatment.   

 
NF Membrane Element Replacement Project 

 
In May 2019, based on the results of pilot testing, the City advertised bid documents for the NF 
Membrane Element Replacement project, and following evaluation of bid packages, 
Hydranautics was identified as the low bidder.  The City issued a notice to proceed for this work 
in December 2019.  Under this project, Hydranautics furnished and installed 1,829 new 
membrane elements to replace the existing membrane elements on the City’s full-scale NF 
process.  Replacement began in January 2020 and membrane elements were loaded into the 
City’s five NF units, in a hybrid configuration, as follows: 
 

 First-Stage: three NF and four brackish water membrane elements.  
 Second-Stage: seven NF membrane elements. 

 
The membrane elements were replaced, the NF units were placed online, and the project 
achieved final completion in May 2020.  
 

NF Unit Cleanings and Performance 
 
Since final completion of the NF Membrane Element Replacement Project, the City has operated 
the NF process under modified operating conditions (elimination of chemical pretreatment, an 
82% recovery rate, and a 12.5 gfd average flux), while meeting all specified performance and 
water quality goals presented in Table 2.  In the 30-months since final completion, the City has 
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completed one cleaning of each of the five NF units, as described in Table 3.  The cleanings 
utilized the City’s clean-in-place (CIP) system and the process can be generally described as 
follows: 

 Day 1: High pH Solution – Sodium Hydroxide and NaEDTA solution at a pH of 10.5. 
 Overnight: Permeate flush and soak.  
 Day 2: Low pH Solution – Citric Acid solution at a pH of 2.6. 

 
Table 3 – NF Unit Cleanings 

 
NF Unit Date of 1st CIP Time Since Start-up CIP solutions 

1 4/18/2022 26 months High & Low pH 
2 3/28/2022 25 months High & Low pH 
3 3/7/2022 25 months High & Low pH 
4 2/9/2022 24 months High & Low pH 
5 11/16/2021 21 months High & Low pH 

 
The cleaning procedure utilized on the full-scale NF Units is based on the procedure 
implemented on the pilot unit, which was first cleaned after 12-months of run time under the 
modified operating conditions.  The cleaning procedure operates on the idea that it is better to 
clean the membrane elements when they are mildly fouled using a mild solution, instead of 
waiting until the membrane elements are heavily fouled and cleaning with an aggressive 
solution. The second round of cleanings are anticipated to occur in 2023.  
 
Table 4 compares the start-up (first 14-days of operation) and most recent average (recent 14-
days of operation) performance parameters for each of the five NF Units.  In comparing these 
values, on average the City has observed a 14% increase in feed pressure, a 17% and 22% 
increase in first- and second-stage differential pressure respectively, and a 16% and 23% 
decrease in first- and second-stage specific flux respectively. 
 

Table 4 – NF Unit Performance Parameters 
 

 
 

Table 5 compares the start-up (first 14-days of operation) and most recent average (14-days of 
operation) permeate conductivity data for each of the five NF Units.  In comparing these values, 
on average the City has observed a 7% decrease in total permeate conductivity, a 2% decrease in 
first-stage permeate conductivity and 7% decrease in second-stage permeate conductivity. 
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Table 5 – NF Unit Permeate Conductivity 
 

 
 

The performance parameters and permeate conductivity data presented above indicate that NF 
Units are experiencing gradual performance decline (i.e., fouling) and ready for the second 
cleaning.  The following subsections focus on the performance of select NF Units since start-up 
and concludes with a brief analysis on the performance of the new membrane elements compared 
to those installed in 2009.  
 
NF Unit 4 
Start-up of NF Unit 4 with the new membrane elements occurred on March 11, 2020 and was 
first cleaned on February 9, 2022.  Since start-up the City has observed a 9% increase in feed 
pressure, a 12% and 13% increase in first- and second-stage differential pressure respectively, a 
13% and 8% decrease in first- and second-stage specific flux respectively, and a 7% decrease in 
total permeate conductivity.  Figures 2 through 5 present the historical feed pressure, differential 
pressure, specific flux, and permeate conductivity for NF Unit 4’s 2020 Membrane Elements, 
respectively.  
 
NF Unit 3 
Start-up of NF Unit 3 with the new membrane elements occurred on January 31, 2020 and was 
first cleaned on March 7, 2022.  Since start-up the City has observed a 14% increase in feed 
pressure, a 18% and 25% increase in first- and second-stage differential pressure respectively, a 
14% and 25% decrease in first- and second-stage specific flux respectively, and no change in 
total permeate conductivity.  Figures 6 through 9 present the historical feed pressure, differential 
pressure, specific flux, and permeate conductivity for NF Unit 3’s 2020 Membrane Elements, 
respectively. 
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Figure 2 – NF Unit 4 Feed Pressure 
 

 
Figure 3 – NF Unit 4 Differential Pressure 
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Figure 4 – NF Unit 4 Specific Flux 
 

Figure 5 – NF Unit 4 Permeate Conductivity 
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Figure 6 – NF Unit 3 Feed Pressure 

 

Figure 7 – NF Unit 3 Differential Pressure 
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Figure 8 – NF Unit 3 Specific Flux 
 

Figure 9 – NF Unit 3 Permeate Conductivity 
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As evidenced by the figures above, the first cleaning resulted in notable improvements to the 
performance parameters in both NF Units 3 and 4.  However, between July 27, 2022 and 
September 20, 2022 the City experienced an incident with their lime softening process that 
prevented it from meeting the finished water demand.  To counter this the City, in conjunction 
with Hydranautics, elected to modify the operating conditions of NF Units 3 and 4 to increase 
permeate production.  These changes included increasing the average flux to 13.35 gfd (instead 
of the normal 12.5 gfd) while maintaining an 82% recovery rate.  This operational change 
(period of increased flux) was possible because of information collected during the City’s 
continued operation of the pilot unit.  
 
As evidenced by differential pressure and permeate conductivity figures presented above, the 
period of increased flux resulted in continued accelerated performance decline in these two NF 
units that appears to have continued after returning to the normal operating conditions (12.5 gfd 
average flux at 82% recovery).  To address this accelerated performance decline, the City intends 
to complete a more aggressive cleaning of the five NF Units in 2023.  This cleaning is 
anticipated to include a higher concentration of chelating agent, a slightly higher pH, and the 
addition of sodium chloride. This more aggressive cleaning approach has been found to restore 
performance at other NF facilities with similar feedwater quality (i.e., high in organics). After 
completing the second cleaning, the City plans to continue monitoring NF Unit performance to 
determine if a follow-up cleaning is required to return performance to levels observed before the 
period of increased flux in order to maintain membrane element performance and permeate 
quality.  
 
 
2009 vs. 2020 Membrane Elements  
In addition to presenting  the historical feed pressure, differential pressure, specific flux, and 
permeate conductivity for NF Unit 3’s 2020 Membrane Elements, Figures 6 through 9 present 
the performance parameters for NF Unit 3’s 2009 Membrane Elements over the same period of 
run-time. This data indicates that advancements in membrane technology has allowed the City to 
decrease transmembrane pressure, maintain permeate quality and membrane performance, while 
eliminating acid and antiscalant chemical pretreatment. The 2020 membrane elements resulted in 
a realized power and chemical cost savings of $600,000 each year.  
 


