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F
lagler County (county) owns and operates
the Plantation Bay Water Treatment Plant
(PBWTP), which was constructed in the

1980s. The PBWTP has a design capacity of
756,000 gal per day (gpd) and utilizes four
groundwater wells to produce average day and
maximum day flows of 232,000 gpd and 377,000
gpd, respectively. While all of the wells are mod-
erately high in total hardness (~325 mg/L as cal-
cium carbonate [CaCO3]), two of the wells also
yield water with high color that frequently ap-

proaches 90 color units. The lime softening treat-
ment process utilized at the PBWTP is ineffective
in removing the color, and this condition has re-
sulted in frequent complaints from customers
and the inability to use these wells. Additionally,
the PBWTP has had past exceedances of the U.S.
Environmental Protection Agency (EPA) disin-
fection byproduct (DBP) maximum contami-
nant levels (MCL) of 80 µg/L for total
trihalomethanes (TTHMs). Both the color and
DBP formation issues stem from natural organic

matter (NOM) in the wells, resulting in total or-
ganic carbon (TOC) levels as high as 25 mg/L. 

An alternatives evaluation was performed to
determine the best treatment solution to address
the water quality issues.  A weighted treatment (1
= lowest ranking, 5 = highest ranking) decision
matrix was developed for these potential alterna-
tives, as shown in Table 1.

Based on results from the evaluation,
nanofiltration (NF) was selected for implemen-
tation to remove organics, color, and hardness,
and to reduce DBP formation potential. Concur-
rent with preliminary and final design, a pilot test
was conducted using the well with the highest or-
ganics and color. 

The county is moving forward with replac-
ing the current treatment process with a low-
pressure NF treatment system, as NF is ideally
suited for the removal of dissolved constituents,
such as TOC and hardness. This article presents
the findings from the pilot test and discusses the
design of the new NF treatment system.

Pilot Study

The PBWTP has four production wells that
have varying high levels of iron, ammonia, sul-
fides, color, TOC, and hardness. Groundwater
quality data from the wells is shown in Table 2.

Pilot testing was performed to confirm that
the proposed treatment process will produce a
quality effluent that meets or surpasses treatment
goals of the new water treatment project. Based
on the groundwater quality presented in Table 2,
the pilot study aimed to reduce the following
groundwater constituents:
S Iron – High levels of iron in the source water
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contribute to color within the water and are
likely the source of the majority of customer
complaints received by the county.

S Hardness – With an average hardness of 338
mg/L as CaCO3, the PBWTP source water is
considered very hard (>180 mg/L as CaCO3),
according to the U.S. Geological Survey
(USGS) hardness classification.

S Color – In groundwater, color may be attrib-
uted to a variety of sources, including metallic
ions, organic acids, or dissolved plant materi-
als. Color in the water has been the most com-
mon complaint from customers.  

S TOC – This is a measure of organic matter in
water and becomes a major concern when the
source water is chlorinated, potentially form-
ing DBPs such as trihalomethanes (THM) and
haloacetic acids (HAA5). 

A pilot unit was designed to address these
constituents and produce high-quality potable
water.  The pilot study simulated the perform-
ance of the components of a full-scale system.
The primary objectives of the pilot study were to:
1.  Demonstrate the filter media operating pa-

rameters, including:
a.  Iron removal efficiency
b. Filter head loss as a function of run time
c. Approximate filter run length

2.  Determine the chemical feed rates to meet the
water’s oxidant demand to the extent possible.

3.  Evaluate membrane nanofiltration operating
parameters, including:
a.  Ability to remove TOC with a goal less than

1 mg/L
b.  Hardness removal efficiency
c.  Comparison of NF membrane perform-

ance with Dow® ROSA NF membrane
model simulation

d. Transmembrane pressure as a function of
run time

e.  Confirm that antiscalants chemical feed
rates recommended by manufacturer avoid
fouling the membrane

f.  Approximate run length before clean-in-
place (CIP) is required

4.  Demonstrate that the proposed equipment
can meet the following water quality objec-
tives:
a.  TOC below 1 mg/L and near detection limit
b.  Filter effluent iron below MCL and NF per-

meate iron near detection limit
c.  Manganese <0.05 mg/L
d.  Total Hardness < 150 mg/L
e.  Total Sulfides < 0.01 mg/L
f.  Ammonia, nitrogen converted to mono-

chloramine

It was determined that the well with the
highest color and organics (Well No. 4) would be
used for pilot testing. This well was selected to en-
sure a conservative design approach.  Addition-
ally, due to the high levels of color and organics,
Well No. 4 was not being used for production
purposes and, therefore, provided access for the
pilot trailer. A blend of the various wells was con-
sidered; however, the existing piping and valving
infrastructure limited the blending opportuni-
ties. The pilot unit consisted of the following
treatment schemes:

Filtration

A 3-ft-diameter by approximately 7-ft-tall
filter column was utilized. Its main purpose was
to remove iron and other suspended solids. To
aid in the removal of iron, an injection point
was included upstream of the filter. Prior to fil-
tration, a small dosage of sodium hypochlorite
was added to precipitate iron for downstream

filtration. It should be noted the low dosage was
used to form monochloramines and to limit the
formation of DBPs. The filter was set up to
monitor differential pressure across the filter,
and valves were provided so that filter backwash
could be performed at predetermined differen-
tials.

Nanofiltration System

The NF was the main treatment process
used to decrease the concentration of iron, or-
ganics (DBP precursors), color, and hardness in
the filter effluent. Upstream of the NF system,
sodium metabisulfite was added for dechlorina-
tion, and antiscalant was added to reduce the po-
tential for scaling, especially at the tail end of the
second-stage membrane elements. The NF sys-
tem also included a 5-micron cartridge filter for
filtering out any particulates in the filter effluent.
The system also utilized a high-pressure pump to
push water through the NF membranes. A two-
stage configuration was utilized with a 2/1 array.
The first stage incorporated Dow NF90‐4040
membrane elements, while the second stage uti-
lized the “more open” Dow NF270‐4040 mem-
brane elements. 

ChemScan®

A Chemscan spectroscopic analyzer was also
utilized with this pilot to provide online testing
of color, TOC, and iron levels in the raw water
and permeate water.

Pilot Study Performance

Iron Removal

Based on laboratory results, the iron in the
filter effluent averaged approximately Fe = 0.25
mg/L entering the NF membrane system, while
the NF permeate iron was below the detection
limit of approximately Fe < 0.03 mg/L. Thus, the
NF average approximate removal of the NF in-
fluent iron was at least 88 and 89 percent, based
on the laboratory and field results, respectively.

Total Organic Carbon Removal

The NF membrane skid provided excellent re-
moval of organics based on laboratory results,
lowering the approximate concentration of TOC
= 22 mg/L in the raw water and filter effluent to
below the detection limit of approximately TOC
< 0.57 mg/L in the NF permeate. 

Calcium, Magnesium, and Hardness Treatment

The raw water hardness (avg = 310 mg/L as
CaCO3) was effectively decreased with the two-
stage NF membrane system to an average per-
meate of 105 mg/L as CaCO3. The hardness of
105 mg/L as CaCO3 is classified as a moderately

Table 2. Groundwater Quality Data (May 2012)
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hard water by USGS; thus, the hardness was re-
duced by approximately 66 percent.

Totally Dissolved Solids

The two-stage NF membrane was demon-
strated to effectively decrease the totally dissolved
solids (TDS). The raw water averaged TDS of ap-
proximately TDS = 390 mg/L, while the TDS in
the NF permeate averaged approximately TDS =
160 mg/L. The TDS was lowered by approxi-
mately 61 percent.

Conductivity

The raw water conductivity, which as meas-
ured by the laboratory averaged approximately
600 mho/cm, was lowered by the two-stage NF
system to an average in the NF permeate of ap-
proximately 260 mho/cm; thus, the NF mem-
branes decreased the conductivity by
approximately 57 percent. 

Color

The average raw water color based on the
Chemscan was approximately 33.9 = Platinum-
Cobalt (Pt‐Co) color units, whereas the color
wheel produced raw water readings of approxi-
mately 30 color units. Because all of the color
wheel readings for the NF permeate were “0”
color units, the Chemscan unit, with its multi-
wavelength analyzer, could discern minor differ-
ences in color for the NF permeate effluent. The
average, including these points, was approxi-
mately 1.1 Pt‐Co color units with a range of ap-
proximately <1.0 – 1.8 Pt‐Co color units. 

Pilot Study Summary

The pilot study demonstrated that a two-
stage NF membrane system provided excellent
organic removal, while decreasing the hardness
to acceptable levels. The organics removal from
the NF process lowered the Well No. 4 TOC from
approximately 22 mg/L to below detectable lim-
its. The DBP formation potential testing was per-
formed on the NF permeate and indicates that
the county will now be able to consistently meet
DBP regulations. The results of the pilot study are
included in Table 3. 

It is noted that toward the end of pilot test-
ing, permeate flow from the second stage was sig-
nificantly reduced and scaling was indicated.

Both an alkaline and acid CIP were performed to
restore membrane performance; however, the
membranes never fully recovered. It appears that
the reduced performance after the cleaning in
place (CIP) was the result of iron fouling (not
targeted with the CIP) that occurred throughout
the pilot operation. The iron fouling likely oc-
curred due to inconsistent operation resulting
from Hurricane Irma. Additionally, it's noted
that, in order to facilitate daily pilot operation,
county staff was utilized to start/stop the unit.
Several instances occurred in which chemical lev-
els were not checked prior to starting the system,
resulting in a chemical running out while the rest
of the system ran. This likely contributed to iron
fouling.  

Design Considerations 

Based on the pilot testing and the design
team’s experience with other facilities having sim-
ilar water quality, the treatment processes will in-
clude oxidation, pressurized multimedia filtration,
dechlorination, pH adjustment, antiscalant, car-
tridge filtration, membrane softening, permeate
stabilization, and disinfection. The system will in-
clude a two-stage NF system with an overall re-
covery of approximately 80 percent. A partial NF
bypass stream is planned and will be used to add
pH and alkalinity to the permeate water, resulting
in lower chemical usage and operational costs. 

Since the chloride levels of the water supply
are so low (~25 mg/L), the concentrate from the
NF system will be beneficially used for reuse
water irrigation with no damage to plants, grass,
and other landscaping. The concentrate will be
blended with the reclaimed water to supplement
the county’s reclaimed water system that is used
to irrigate the Plantation Bay Country Club. This
approach to concentrate reuse also provides the
benefit of eliminating the need for deep well in-
jection or surface water discharge.   

The new treatment facility will include a
membrane softening treatment process designed
to improve water quality by removing hardness,
organics, color, and other contaminants. The NF
process will include three skids capable of pro-
ducing a combined 756,000 gpd of finished
water.  The process will be expandable to 1 mil
gal per day (mgd) as demands increase. A brief
description of the major components of the re-
verse osmosis (RO) process is provided.

Booster Pump Station

An inline booster pump station will be con-
structed and will include three pumps to provide
ample feed pressure to the pressurized filters so
that a minimum of 20 pounds per sq in. (psi) is
available at the suction side of the NF feed
pumps.

Filtration

Three vertical pressure filters will be in-
stalled upstream of the RO skids as a means of
pretreating the raw water. The filters will mainly
serve to remove iron so as to mitigate iron foul-
ing, which typically occurs on the lead elements
of the first NF stage. Sodium hypochlorite will be
used as an oxidant to aid in iron removal.

Softening and Color Removal

Via a membrane separation process, the NF
membranes will treat the filtered water to meet
all drinking water standards. The NF will remove
the color and will allow some hardness and alka-
linity to pass through the process, thereby reduc-
ing costs associated with post-treatment
stabilization. The NF skids will include 5-micron
cartridge filters to further protect the mem-
branes, and high-pressure feed pumps provide
approximately 90 psi at the membrane inlet. A
CIP skid will provide for periodic cleaning using
high-pH solutions for biofouling and lowering
pH solutions to remove scaling. 

Chemical Treatment

As previously mentioned, chemicals will be
added throughout the treatment process as a
means of enhancing the overall treatment and end-
water quality. The chemicals that were used for the
new treatment process include the following:
S Oxidant – Sodium hypochlorite will be added

to the raw water line prior to the vertical pres-
sure filters to aid in iron removal.

S Dechlorination –The filtered effluent will be
dechlorinated, using sodium metabisulfite
prior to introduction into the NF membranes.  

S Antiscalant – To protect the membranes from
scaling, an antiscalant will be added to the fil-
tered effluent ahead of the RO treatment
process.

S Caustic – Sodium hydroxide will be added to
the RO permeate stream to increase the pH
and alkalinity.

S Additional space will be provided for a future
chemical as needed.

The project also includes a new prefabricated
metal building, replacement of the existing filter
backwash pumps, yard piping modifications, site
improvements, and instrumentation and electrical
improvements.  Construction and commissioning
are scheduled for completion by mid-2020. SS

Table 3. 
Pilot Study 

Results
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