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Executive Summary

Overview and Objectives

Florida Water Services (Florida-Water)-has implemented.-a project known as the Marco Island Lime
Softening Water Treatment Plant (LSWTP) Enhanced Softening and Treatment Optimization
Investigation. The primary objective of the investigation was to assess the existing conditions and
reliability of the Marco Island LSWTP relative to compliance with the Safe Drinking Water Act
(SDWA) Enhanced Surface Water Treatment Rule (ESWTR) and Disinfectant/Disinfection By-Product
Rule (D/DBPR), specifically with respect to 30 percent total organic carbon (TOC) removal. In addition,
integrated membrane treatment using the existing full-scale lime softening process in combination with
an immersed ultrafiltration (UF) membrane pilot plant process was evaluated. This report details the
results of one component of the treatment optimization investigation, and has been prepared to
summarize the results of the portion of the study that investigated the integration of an immersed
membrane process into the existing Marco Island LSWTP. This report represents the results of the pilot
plant component of the enhanced treatment investigation. Results of laboratory investigations that
evaluated enhanced softening, coagulation optimization and rapid-small-scale column testing (RSSCT)
for GAC treatment effectiveness were presented previously in the report entitled Marco Island Water
System Enhanced Softening and Treatment Optimization.

Findings and Recommendations

The immersed membrane evaluations consisted of treating lime softened sludge blanket slurry from the
solids contact unit (SCU) or lime softened launder overflow effluent from the SCU. Pilot testing using
the sludge blanket slurry represented treatability associated with inserting the UF membranes directly
into the existing SCU lime softening process. Whereas the overflow launder effluent pilot testing
represented inserting the UF membranes directly into the existing sand filter chambers. Table I presents
the conditions tested during the immersed membrane filtration pilot-scale evaluation.

The following finding and recommendation were made based upon results of the sludge blanket lime
slurry and launder overflow effluent investigations.

e The integration of the immersed UF membrane to the sludge blanket lime slurry or the launder
overflow effluent consistently and reliably produced lower finished water turbidities and particle
counts than sand filtration. Turbidities in the UF filtrate averaged 0.05 NTU. Bleach (sodium
hypochlorite (NaOCl)) and citric acid were found to be effective cleaning agents for the
immersed UF process.

e The immersed UF membrane process was able to filter the following:

» lime softened launder overflow effluent water with (pH = 7.5) or without (pH = 9.0) acid
addition at a flux of 30 gfd and 90 percent water recovery; and

» lime softened sludge blanket lime slurry water without (pH = 10.0) acid addition at a flux of
17 gfd and 90 percent water recovery.
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Executive Summary

TABLE I:

Immersed Membrane Filtration Pilot-Scale Evaluation Test Conditions
PARAMETER Additional Treatment Chemicals
Condition None Sulfuric Powdered Ferric

Acid Activated Sulfate

Carbon

Lime-Softened Launder Overflow N
Effluent without Acid Addition
Lime-Softened Launder Overflow N N, N N
Effluent with Acid Addition and
Chloramines
Lime-Softened Sludge Blanket Slurry N N N
without Acid Addition
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Executive Summary

e Ferric sulfate (Fey(SQO,)3) was effective at further reducing TOC in the lime softened launder
overflow effluent water at a dose of 10 mg/L; however, the reduction in TOC was accompanied

by-a-reduction in-alkalinity. Fe»(SO4)3 and powdered activated carbon (PAC).addition was not
effective at reducing non-purgeable dissolved organic carbon (NPDOC) using the sludge blanket
slurry water. Ferric sulfate and PAC addition appear not to be feasible options for enhanced
treatment as ferric sulfate tends to dissolve hardness and aluminum back into solution
accompanied by a reduction in alkalinity.

e Based on the results of the immersed UF membrane process investigation, the decision to
perform a full-scale demonstration of integrating an immersed UF membrane process using the
launder overflow effluent has been pursued. The UF process should be operated at a flux of 30
gfd and at 95 percent water recovery.

e Retrofit capital cost of the existing sand filters with immersed UF membranes appears to be a
lower cost than a stand-alone immersed UF membrane process. Retrofitting the existing sand
filters is limited to 6.3-MGD based on the sand filter dimensions and a design flux of 30 gfd at
95 percent water recovery. However, retrofitting design cost, demolition, and installation are not
taken into account. Additional cost investigations of retrofitting the existing sand filters with
immersed UF membranes should be pursued for comparison to the stand-alone process.

e Retrofitting the SCU is limited to 4.24-MGD based on the SCU dimensions and a design flux of
17 gfd at 95 percent water recovery. Retrofitting the existing SCU with immersed UF
membranes lowers to capacity of the existing SCU and therefore should not be considered as a
viable option.
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1.0 Immersed Membrane Filtration and Lime-
Softening Treatment

1.1 Background

_The purpose of this document is to provide the results of a field evaluation using the existing Marco

Island LSWTP lime softening reactor followed by an immersed ultrafiltration (UF) membrane process.
The integrated treatment evaluation was intended to study particulate removal, turbidity reduction, and
disinfectant by-product (DBP) precursor removal (i.e. TOC removal).

In order to evaluate the effectiveness of integrating an immersed-membrane process into the Marco
Island LSWTP, a pilot-scale Zenon ZeeWeed® hollow-fiber ultrafiltration (UF) membrane process
(Zenon Environmental, 845 Harrington Court, Burlington, Ontario, Canada L7N 3P3) was placed on-
line at the existing Marco Island LSWTP. An immersed-membrane process had been selected for pilot
plant testing based on results of integrated membrane testing evaluations performed previously by
Florida Water. Results of previous screening evaluations of microfiltration (MF), ultrafiltration (UF),
and nanofiltration (NF) membrane processes were reported in the document “Marco Island Integrated
Membrane System Pilot Plant Evaluation” dated January 2000.

The immersed-membrane pilot plant evaluation was divided into two separate testing scenarios. Each
testing scenario included the screening of UF using two separate pilot units supplied by Zenon
Environmental Systems (Zenon). The first testing scenario included an evaluation of the settled overflow
water collected from the solids contact unit (SCU) launder and fed to the Zenon UF pilot unit. The pH of
the LSWTP weir overflow water from the LSWTP reactor basin was adjusted with sulfuric acid and
disinfected with chloramine prior to sand filtration. The second testing scenario evaluated parallel UF
pilot units, with one unit to test treatment of concentrated precipitant sludge from the lime process
blanket, and the second unit to test UF treatment of settled overflow water (before chemical addition)
from the lime reactor.

1.2 Zenon Ultrafiltration Technology

Both Zenon UF pilot units were configured with a ZeeWeed® module, which consists of hollow-fiber
membranes mounted on a vertical frame with permanent extraction from headers at the top and bottom
of the assembly. The modules can be assembled into cassettes of more than one module that can be
installed in an existing basin. This approach allows the construction of very large membrane trains (up
to 5 million gallons per day). Pilot plant equipment typically relies on one module to evaluate
performance of the full-scale cassette. Each hollow-fiber has a 0.085-micron absolute pore rating and
0.1 nominal pore rating. The Zenon UF Pilot unit No. 1 provided approximately 461 ft* (based on OD)
of active surface area, while pilot No. 2 provided 646 ft°.

The Zenon UF technology involves submerging a ZeeWeed® module into a 185-gallon process tank
filled with the pretreated (in this case, SCU launder overflow or lime slurry) water. Filtration is
accomplished through an “outside-in” flow pattern achieved by pulling (vacuum) the pretreated water
through the ZeeWeed® hollow fibers. The vacuum inside the fibers creates the transmembrane pressure
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1.0 Immersed Membrane Filtration and Lime-Softening Treatment

differential for filtration. In addition, the Zenon ZeeWeed® technology uses external continuous aeration
to scour the membrane fibers and induce mixing while helping to maintain a high flux. Operating under
vacuum-imposes-a practical limit to-the transmembrane pressure and operating flux, which remain in the..
stable pressure-controlled region of the filtrate curve. These operating conditions result in less

membrane fouling, reduced energy consumption, and an extended membrane life.

1.3 Evaluation of La.under Overflow Water

1.3.1 Operating Conditions

Each test scenario began after a chemical cleaning on each of the Zenon UF pilot units. Historical water
quality data and performance data collected from the Zenon units was used to indicate initial operating
conditions. Operating conditions (The field operation notes for these testing scenarios are provided in
Appendix A) for the launder overflow water included the following testing scenarios:

1. Pretreated (acidified (pH of 8.3), disinfected, lime-softened) Feed Water
2. Pretreated (acidified (pH of 7.5), disinfectant, lime-softened) Feed water
3. Pretreated (lime-softened) Settled Water

In the first testing scenario, the SCU launder overflow water stream was collected after the addition of
chlorine, ammonia and sulfuric acid. Data collected from this configuration provided base-line data
using the upper limit of chloramine dose (4 mg/L). In addition, chloramine disinfection prior to the UF
unit allowed for "non-biological fouling" only to be observed.

In the second testing scenario, the SCU launder overflow water stream collected after the addition of
chlorine, ammonia and sulfuric acid was also used. Additional sulfuric acid was injected into the feed
stream just before entering the process tank.

The third testing scenario utilized SCU launder overflow water stream collected before the addition of
chlorine, ammonia or sulfuric acid. The feed water for this operation condition relies on the quality of
the settled water (water collected from the surface of the SCU launder).

The launder overflow water treatment evaluation was performed between November 8, 1999 and March
22, 2000 at the Marco Island LSWTP. Both Zenon units were used during different periods of time for a
combination of 1,820 hours of operation using this test scenario. Pretreated SCU overflow water
collected in the launders was pumped directly into the UF process pilot unit for treatment process
operation monitoring and evaluation. Exhibit 1-1 presents the flow diagram for this testing scenario of
the pilot study, which allowed for a comparison of finished water from the existing sand filters to
finished water from the Zenon UF unit. Table 1-1 represents the assessment parameters that were used
for each testing scenario.
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1.0 Immersed Membrane Filtration and Lime-Softening Treatment

TABLE 1-1:

Assessment Parameters

Water Quality:

e Filtrate particle counts greater than 0.5, 1, 3, 5, 7, 10 and 15 microns (particles/mL)

e Heterotrophic plate count (HPC), and total coliform (counts/mL)

e Filtrate turbidity (NTU)

e Feed and filtrate TOC and color. On a limited basis, DBPs and specific DBP precursors were
analyzed.

Process:

e Flux Rate (gal/ft>-day) (gfd).

e Filtrate run time; time during which the UF unit is producing filtrate at the above flux rate
(nonfiltrate process periods include backwash and cleaning periods).

e  Water recovery (percent)

e Fouling rate of UF elements.

e Cleaning frequency (hrs™)

e Additional organic removal using iron salts and/or PAC.

e Chloramine pretreatment
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1.0 Immersed Membrane Filtration and Lime-Softening Treatment

1.3.2 Results and Discussion — Launder Overflow Water

1.3.2.1 Pretreated Feed Water

1.3.2.1.1 Operation with Pretreated (acidified (pH of 8.3), disinfected, lime-softened)
Feed Water

Initial operating conditions for the Zenon pilot unit included a flux of 30 gfd and 95% recovery. The
backwash frequency was maintained at 15 minute intervals for 15 second duration for the entire
length of testing. Filtrate flow was initiated at an average of 12 gpm. Under these conditions, the
transmembrane pressure (vacuum) was initially measured at 4 in-Hg, but progressively increased to
approximately 24 in-Hg as shown in Figure 1-1. Although the flux remained relatively constant (see
Figure 1-2), the permeability rates were comparatively low to typical UF permeability rates (see
Figure 1-3). In order to determine causal factors for the variations in TMP and low permeability,
verification of the operation of the pilot unit and the condition of the ZeeWeed fibers was
accomplished by switching the pretreated feed water inputs between the pilot units. The launder
overflow water was pumped directly into Zenon Pilot Unit No. 2. As shown in Figures 1-4, 1-5 and
1-6, changing pilot units did not show a significant difference in membrane performance.

However, after the addition of a new membrane module, there were no difficulties with the
membrane performance observed. The new module provided an increased surface area of 675 ft’.
The filtrate flow was adjusted to 14.6 gpm. The TMP remained relatively constant at 5 in-Hg.
Permeability increased from approximately 5 gfd/psi up to approximately 16 gfd/psi. Also under
these operating conditions, the flux rate was varied between 35 gfd and 40 gfd without any
substantial difficulties.

A worst-case condition was simulated by reducing the recovery rate. The recovery was decreased to
60%. These operating conditions resulted with no complications with the membrane performance
and water quality at the reduced recovery.

1.3.2.1.2 Operation With Pretreated (acidified (pH of 7.5), disinfected, lime-softened)
Feed Water

Additional sulfuric acid was added to the pretreated feed to Zenon Pilot Unit No. 2 in order to
stabilize the fluctuations of the pH of the pretreated launder water. The acid addition decreased and
maintained a pH value of 7.7. Also, the acid addition help to isolate possible calcium carbonate scale
on the fibers. After a period of time, as indicated in Figure 1-4, the TMP increased and stabilized at
approximately 20 in-Hg. The flux rate averaged 30 gfd, but the permeability was not increased. The
acid addition did not make a significant difference in membrane performance.

Several diagnostic tests were performed on the membrane unit by Zenon representatives. During the
course of these tests, a visual inspection of the ZeeWeed fibers revealed discoloration throughout the
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1.0 Immersed Membrane Filtration and Lime-Softening Treatment

FIGURE 1-1:

Zenon UF Pilot Unit No. 1 - Transmembrane Pressure (Vacuum)
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FIGURE 1-2:

Zenon UF Pilot Unit No. 2 - Transmembrane Pressure (Vacuum)
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1.0 Immersed Membrane Filtration and Lime-Softening Treatment

FIGURE 1-3:

Zenon Pilot No. 1 - Temperature Corrected Flux
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FIGURE 1-4:

Zenon Pilot No. 2 - Temperature Corrected Flux
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1.0 Immersed Membrane Filtration and Lime-Softening Treatment

FIGURE 1-5:
Zenon Pilot Unit No. 1 - Permeability
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1.0 Immersed Membrane Filtration and Lime-Softening Treatment

length of each fiber. In addition, at approximately 18-inches from the top of the fibers, a dry line was
also observed. A dry line implies that the fibers most likely dried out, thereby adversely impacting
the membrane which permeated less water. Possible damage to the fibers led to the removable and

replacement-of the module with-a new module.-

An autopsy of the fibers revealed traces of calcium. However, based on previous fibers analyzed by
Zenon where calcium carbonate (or sulfate) has been a problem, the levels found on the fibers
should not have caused the fouling. In addition, small traces of iron and silica were also present on
the fibers. Again, not at levels that could have caused fouling. Based on these results, Zenon
concluded that the increased TMPs, and lower permeability is likely due to a portion of the
membrane having been dried out, and not with the quality of the pretreated feed water.

Consequently, this theory was later proven with the addition of a new membrane module. The pH
adjustment, recovery and backpulse frequency and duration was not altered from previous set points.
Figure 1-4 indicates that the TMP was decreased to an average of 5 in-Hg. Despite the change in
resulting TMP, the units under adverse operating conditions continued to produce high-quality
water.

1.3.2.1.3 Operation With Pretreated (lime-softened) Settled Water

On March 22, 2000 the pretreated feed water input was changed. Pretreated (lime softened, settled)
water was collected from the surface of the SCU before the chlorine, ammonia and sulfuric acid
addition. Although this testing scenario was only tested for one week, as illustrated previously in
Figures 1-4, 1-5, and 1-6, there were no complications observed with the membrane performance.

During the course of the launder overflow water testing scenario, the temperature corrected flux rate
of UF treated water ranged between 29 and 45 gfd, with an average of 35 gfd. Permeability (specific
flux) of UF membranes using the overflow launder feed water averaged 4.7 gfd/psi. Results of the
flux rate and permeability were shown in Figures 1-3, 1-4, 1-5 and 1-6.

1.3.3 Water Quality

Because UF membranes rely on sieving as their filtration mechanism, they are primarily used for
colloids, particulates, and high-molecular-weight soluble species removal. For this reason, laboratory
and field collected samples analyzed during the pilot investigation included turbidity, TOC, total
suspended solids (TSS), particles counts and HPC. Samples collected from the Zenon Unit 2 on March
29, 2000 show the results using a feedwater without chloramines.

Turbidity testing was used as an indirect method of testing the membrane integrity, hence, turbidity
served as a surrogate parameter for assessing the membrane’s condition. An on-line turbidimeter was
connected to the UF filtrate stream to also monitored performance of the membrane system. Figure 1-7
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1.0 Immersed Membrane Filtration and Lime-Softening Treatment

FIGURE 1-7:
Launder Overflow Feed (New Membrane Module)
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1.0 Immersed Membrane Filtration and Lime-Softening Treatment

shows that the turbidity of the pretreated feed averaged 5.4 NTU. Figure 1-8 shows that the turbidity
levels in the Zenon UF Pilot filtrate averaged approximately 0.05 NTU, in comparison to an LSWTP
finish water turbidity of 0.06 NTU.

According to the Stage 1 D/DBP Rule, water systems that use surface water and conventional filtration
treatment are required to remove specified percentages of organic materials, measured as TOC, that may
react with disinfectants to form disinfection by-products (DBPs). As shown in Figure 1-9, during each
sampling event the raw water alkalinity was consistently greater than 120 mg/L as CaCO; and TOC
levels were greater than 8 mg/L. This requires removal of TOC of 30%. The Zenon UF technology,
along with the existing filters, has shown an average of approximately 30%. Figure 1-10 shows that the
TOC removal was similar for the sand filters and the Zenon technology.

While the TSS levels in the pretreated SCU launder overflow feed stream was measured at an average
level of 10 mg/L, removal was accomplished to levels below the detection limit of 0.5 mg/L based on
laboratory results. Particle counts of the filtrate stream were evaluated using an on-line particle counter.
Average daily particle counts of particles greater than 2 pm averaged 2.63 counts/mL, for particles
greater than 5 um averaged 2.22 counts/mL, for particles greater than 10 pm averaged 2.01 counts/mL,
and for particles greater than 15 pm averaged 1.72 counts/mL. The particle count results for new fibers
disinfected, lime-softened water with and without acid are shown in Table 1-2. A selection of inorganic
constituents and organic parameters were also included in the analysis. Results from these laboratory
analyses are found in Appendix A.

1.4 Evaluation of Sludge Blanket UF Feed Water

1.4.1 Operating Conditions

Evaluation using a pretreated feed stream from the sludge blanket was performed between November
29, 1999 and March 31, 2000. Both Zenon pilot units were also used for this evaluation for a total of
approximately 1,520 operating hours. Operating conditions for the sludge blanket water was performed
without additional pretreatment. However, ferric and PAC (Powdered Activated Carbon) was tested as
additional treatment. The field operation notes for this testing scenario is provided in Appendix A.

In this testing scenario, concentrated precipitant sludge from the lime process blanket (slurry) was
pumped directly into the Zenon UF pilot unit for further treatment process operation monitoring and
evaluation. The slurry was collected from a combination of various depths of the SCU after the
completion of the lime softening process. Initial operating conditions for the slurry evaluation were
based on recommendations from Zenon and results of a TSS, calcium, and hardness profile of the SCU
performed by Florida Water. Results from the TSS profile can be seen in Appendix A. Exhibit 1-2
shows the flow diagram for this testing scenario. The testing configuration allows for a comparison of
finished water from the existing LSWTP to the finished water produced from pretreated lime softened
feed water to the Zenon UF unit.
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1.0 Immersed Membrane Filtration and Lime-Softening Treatment

FIGURE 1-9:
Raw Water Alkalinity and TOC
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1.0 Immersed Membrane Filtration and Lime-Softening Treatment

Parameter >2pym | >Spm | >10pum | >15 pum
Average 2.90 1.82 1.60 1.61
Minimum 0.00 0.00 0.00 0.00
Maximum 19.98 19.98 20.00 19.98
Standard Deviation 3.98 3.12 2.83 2.66
Confidence Level (95%) +0.21 10.67 +0.15 $0.15
# of Observations 1329 1320 1306 1139
Date 3/2/00 | 3/2/00 3/2/00 3/2/00

through | through | through | through
3/22/00 | 3/22/00 | 3/22/00 | 3/22/00

TABLE 1-2:
Filtrate Particle Count Results - Launder Overflow New Fibers with Acid (pH=7.5)

Parameter >2um | >Sum | >10pum | >15um
Average 2.89 2.42 2.16 1.86
Minimum 0.13 0.02 0.00 0.00
Maximum 19.98 18.00 15.92 14.08
Standard Deviation 3.49 2.62 223 1.94
Confidence Level (95%) $0.13 +0.09 +0.08 +0.07
# of Observations 2961 2968 2968 2908

Date 1/31/00 | 1/31/00 | 1/31/00 1/31/00

through | through | through | through

L2/24/00 2/24/00 | 2/24/00 | 2/24/00

Filtrate Particle Count Results - Launder Overflow New Fibers without Acid (pH=8.3)

13
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1.0 Immersed Membrane Filtration and Lime-Softening Treatment

1.4.2 Results and Discussion

After an overnight bleach soak and MTC cleaning, Zenon Pilot unit No. 2 was placed on-line, using a
flow stream made from a combination of slurry collected two and eight feet from the bottom of the
SCU. This provided a pretreated feed stream with a 1500 mg/L concentration of total suspended solids.
Initial operating conditions for the Zenon pilot unit included an average flux rate of 15 gfd, 95%

recovery, and 10-minute backwash frequency for a 15-second duration. This is in contrast to the average
flux rate of 30 gfd, 95% recovery, and 10-minute backwash frequency of the overflow water conditions.
These conditions were monitored throughout the study. Filtrate flow was initiated at an average of 5.2

Figure 1-2 shows that the TMP averaged approximately 6 in Hg. These levels remained relatively
constant until the feed flows of both units were switched. Figure 1-1 illustrates that bleach and MC-1
(citric acid) cleaning restored the TMP to the initial conditions. During the course of this test scenario,
the temperature corrected flux rate using the different levels of slurry ranged between 15 and 18 gfd.
Permeability (specific flux) of UF membranes using the different levels of slurry averaged 6.3 gfd/psi.
Results of the flux rate and permeability for both pilot plants was shown previously in Figures 1-3, 1-4,
1-5 and 1-6.

1.5 Overflow vs. Slurry Water Quality

Table 1-3 presents a comparison of slurry source water to overflow source water on the UF filtrate. The
direct feed of slurry in the Zenon Process tank indicated that the water quality is comparable to that of
the filtrate from the Zenon unit using the SCU launder overflow pretreated feed. Laboratory results
indicated substantial removal in calcium (94 to 97 %), magnesium (68 to 83%), alkalinity (average
98%), and TOC (35 to 42 %) for overflow and slurry UF operation modes following lime softening
pretreatment, respectively. The results from the laboratory analyses are found in Appendix A.

1.5.1 Pilot vs. LSWTP Filter Water Quality

A comparison of selected water quality parameters is presented in Table 1-4 for color, TOC, TSS,
aluminum, alkalinity, pH and HPC. The UF filtrate water produces a slightly higher water quality than
conventional lime-softening using sand filters. Figure 1-11 shows that the UF filtration turbidity
averages approximately 0.05 NTU.
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1.0 Immersed Membrane Filtration and Lime-Softening Treatment

TABLE 1-3:

Comparison of Slurry vs. Overflow UF Filtrate Water Quality (12/9/99)

Parameter Raw Water Supply | Zenon Pilot | Zenon Pilot
No. 1 - No. 2 -
Overflow Slurry
Filtrate Filtrate
Hardness (mg/L as CaCOx) 350 130 120
pH 7.7 8 9.7
Turbidity (NTU) 7.4 0.13 0.29
Alkalinity (mg/L as CaCO3) 250 15 20
TOC (mg/L) 10 6.8 7.1
Color (CPU) 35 10 12
|
TABLE 1-4:
Comparison of Sand Filter and UF Water Quality*
Parameter Raw Sand Filter UF
Water Filtrate Filtrate
Color (CPU) 35 12 11
Total Organic Carbon (mg/L) 12 7.2 6.8
Total Suspended Solids (mg/L) 2.5 0.8 <0.5
Aluminum (mg/L) <0.03 0.10 0.05
Alkalinity (mg/L as CaCOs) 270 12 20
pH 7.7 9.1 8.6
HPC (CFU/100 mL) 1200 1.0 <0.05

*4verage of selected data collected intermittently by Florida Water Services during study period.
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1.0 Immersed Membrane Filtration and Lime-Softening Treatment

FIGURE 1-11:
Turbidity - Filtrate from Slurry Feed
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2.0 Ferric and PAC Enhanced Treatment
Evaluation

The objective of this section is to present the removal of carbon and carbon surrogate contaminants and
the enhancement of the softening process by integrating an immersed UF process into a PAC and/or

iron-salt modified lime-softening process.

2.1 Testing Conditions

The ferric sulfate (Fe2(SO4)3) and powdered activated carbon (PAC) enhanced treatment allow for
additional removal of dissolved organic carbon using a coagulant process and an adsorption process in
conjunction with the Zenon UF process for softened water and lime slurry water. Each Zenon pilot unit
was evaluated under steady-state conditions. This was accomplished via addition of a predetermined
dose of PAC/iron salt slurry into the process tank of the Zenon units.

Each sample collected was analyzed for color, total organic carbon, UV;s4, total hardness, calcium, pH,
turbidity and particle counts. When an iron salt slurry was used, iron was included in the sampling.
UV,s4 was used on-site in the field to evaluate the effectiveness of dissolved organic carbon (DOC)
removal for the treatment processes of the two types of softened water. Turbidity samples were collected
and analyzed in the laboratory.

The two Zenon UF pilot units were operated in parallel with each other.
e Sludge Blanket (Softened Sludge Blanket Slurry)
o Overflow (Softened Launder Effluent)

Sludge blanket received lime slurry from the softening clarifier sludge blanket. Whereas, overflow
received launder effluent from the overflow trough of the softening clarifier (SCU).

2.2 Results

Figure 2-1 presents the filtrate dissolved organic carbon water quality from the Zenon unit No. 1 for
varying dosages of Fex(SO;)s. Again, UV;s4 was used to evaluate the coagulant effectiveness as the
Fe,(SO4); dose was increased. The bold line in Figure 2-1 represents the filtrate measurement of
(baseline) UV,s4 measured prior to chemical addition. A decrease in UV;s4 did not occur until a dose of
9.1 mg/L was achieved. At a dose of 9.1 mg/L, the UV,s4 measurements decreased over a 3-hour time
frame and then stabilized. After stabilization was achieved, 36.8 mg/L of Fe,(SQ,); was added in
anticipation of further decrease of the UV;s, measurements, however, the UV,s4 measurements remained
constant. The chemical was stopped and the UV,s54 measurement began to climb back up towards the
baseline.
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2.0 Ferric and PAC Enhanced Treatment Evaluation

FIGURE 2-1:
Sludge Blanket (Launder Effluent) Filtrate Water Quality
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2.0 Ferric and PAC Enhanced Treatment Evaluation

As UV,s4 measurements were being tracked, some physical, inorganic and organic water quality
parameters were collected by Florida Water and sent to Harbor Branch Environmental Laboratories
(Fort-Pierce; Florida, 34946)-for-analysis.- Table 2-1 presents_sludge blanket filtrate water quality for
various dosages of Fe;(SO4);. Conductivity, TDS, TSS, turbidity, calcium hardness, magnesium
hardness, iron and aluminum appeared to remain constant. Whereas, pH, alkalinity, TOC, color and
UVsssdecreased. The decrease in pH and alkalinity are attributed to the Fe,(SO4); hydrolysis to ferric
hydroxide (Fe(OH)3), since Fey(SO4); consumes alkalinity and produces Fe(OH);. Once a sufficient
amount of Fe(OH); was formed, Fe(OH)s floc enmeshed the organic compounds and lead to a decrease
in TOC, color and UV;s4. The resulting consumption of the available alkalinity points towards why the
increase in Fe;(SO4); to 38 mg/L did not effect additional organic removal and stabilization was
achieved.

Figure 2-2 presents the Zenon Unit No. 2 filtrate dissolved organic carbon water quality for varying
dosages of Fex(SO4); and powder activated carbon (PAC). Again, UV;s4 was used to evaluate the
coagulant and adsorption effectiveness as the Fe;(SO,); and PAC dosages were each increased. The bold
line in Figure 2-2 represents the filtrate measurement (baseline) of UV,s4 measured prior to chemical
addition. UV;s4 measurements did not decrease for the varying Fe;(SO4); dosages. PAC was then added
and a decrease in UV;s4 measurements was not observed until a dose of 100 mg/L was added.

Table 2-2 presents Zenon Unit No. 2 filtrate water quality for various dosages of Fey(SO4);. UVasy
appeared to remain constant as was seen in field results. Turbidity, pH and TOC decreased.
Conductivity, TDS, calcium, magnesium, alkalinity, aluminum, and color increased. This could be
attributed to the decrease in pH that would cause the calcium, magnesium and aluminum to dissolve into
solution. However, there was a slight reduction in TOC. It could be assumed that the cake formed on the
Zenon fibers is the mechanism for TOC and turbidity reduction. The data also indicates that although
higher ferric dosages produced lower TOC and turbidity finished water, dissolved iron in the filtrate
increases with increasing ferric dose and lower pH.
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2.0 Ferric and PAC Enhanced Treatment Evaluation

TABLE 2-1:
Zenon Unit No. 1 Feed and Filtrate Water Quality

for Various Dosages of Ferric Sulfate

PARAMETER Feed Filtrate

Run Time (hours) 0:00 0:00 1:45 19:05 19:55 22:05
Ferric Dose (mg/L) 0 0 1.3 9.1 9.1 9.1
Physical Parameters

pH 8.7 8.0 7.5 6.9 6.6 6.0
Conductivity (uhmos/cm) 680 620 640 640 660 650
TDS (mg/L) 390 380 400 400 430 420
TSS (mg/L) 11 <1.0 <1.0 <1.0 <1.0 <1.0
Turbidity (NTU) 5.10 0.13 0.21 0.12 0.15 0.20
Inorganic Parameters

Calcium (mg/L CaCQs) 115 105 108 115 123 123
Magnesium (mg/L CaCOs) 35 33 29 32 33 31
Alkalinity (mg/L CaCOs3) 12 15 14 12 4.4 <2
Iron (mg/L) <0.08 <0.04 <0.04 <0.04 <0.04 0.094
Aluminum (mg/L) 0.20 0.08 0.06 <0.05 <0.05 <0.05
Organic Parameters

TOC (mg/L) 7.1 6.8 6.7 5 4.4 2.7
Color (CPU) 10 10 13 9 8 7
UV-254 (cm™) 0.174 0.161 0.143 0.149 0.102 0.066
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2.0 Ferric and PAC Enhanced Treatment Evaluation

FIGURE 2-2:

Zenon Unit No. 2 (Sludge Blanket) Filtrate Water Quality
Ferric Sulfate and PAC Addition
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2.0 Ferric and PAC Enhanced Treatment Evaluation

TABLE 2-2:
Zenon Unit No. 2 (Sludge Blanket) Filtrate Water Quality

for Various Dosages of Ferric Sulfate

PARAMETER Feed Filtrate

Run Time (hours) 0:00 0:00 5:30 23:15 25:00
Ferric Dose (mg/L) 0 0 1.3 8.7 37
Physical Parameters

pH 10 9.7 9 8.2 7.7
Conductivity (uhmos/cm) 610 590 600 670 890
TDS (mg/L) 370 350 340 440 620
TSS (mg/L) 2600 <1.0 <1.0 <1.0 <1.0
Turbidity (NTU) 1800 0.29 0.11 0.12 0.1
Inorganic Parameters

Calcium (mg/L CaCO3) 3500 90 90 120 225
Magnesium (mg/L CaCOs) 52 9 10 14 22
Alkalinity (mg/L CaCOs) 4100 20 22 34 59
Iron (mg/L) 1.4 <0.04 <0.04 <0.04 <0.04
Aluminum (mg/L) 7.7 <0.05 <0.05 0.077 0.055
Organic Parameters

TOC (mg/L) 11 7.1 6.4 6.4 6
Color (CPU) 15 12 9 13 14
UV;sq (cm’™) 0.201 0.151 0.161 0.174 0.161
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3.0 Opinion of Probable Cost

The opinion of probable costs presented in Table 3-1 are conceptual and represent general conditions
that would be anticipated for capital costs for the testing scenarios of this project. For this evaluation on
Marco.Island, the costs presented are based upon specific flux and water recovery rates. Cost for waste

disposal is not included. The rationale for not including waste disposal costs is because it is assumed that
the existing deep well injection system on the island can be utilized for each testing scenario.

Conceptual capital cost opinions are based on an overview of major equipment selection, energy and
material balances, and conceptual flow diagrams. Conceptual capital cost opinions include both direct
and indirect construction costs. Indirect costs include engineering, legal, financial and interest costs
accrued during construction and are typically estimated as a percentage of the total direct construction
cost. The costs presented in this document are preliminary in nature and are considered conceptual
because equipment selection, layout and engineering design activities have not been performed.

3.1 Overflow

The overflow testing scenario treats the SCU launder overflow water (pretreated feed water) stream.
This testing configuration allowed for a comparison of the existing sand filters to the Zenon UF unit.
The conceptual costs opinions in Table 3-1 are based on providing a stand-alone Zenon UF process or
retrofitting of Zenon membranes in the existing sand filters. Retrofitting the existing sand filters is
limited to 6.3-MGD based on the sand filter dimensions and a design flux of 30 gfd at 95 percent water
recovery. Therefore, the capital cost comparison was based on a 6.3-MGD stand alone UF process
compared to a 6.3-MGD retrofitting of the existing sand filters with immersed Zenon UF membranes.
The capital cost opinions include cost associated with a ZeeWeed UF membrane water treatment system
including pumps, blowers, instrumentation, control system and motor control equipment designed to
meet demand. Retrofit capital cost of the existing sand filters with immersed UF membranes appears to
be a lower cost than a stand-alone immersed UF membrane process. However, retrofitting design cost,
demolition, and installation are not taken into account.

3.2 Sludge Blanket

In this testing scenario, concentrated precipitant sludge from the lime process blanket (slurry) was
pumped directly into the Zenon UF pilot unit for further treatment process operation monitoring and
evaluation. The testing configuration allows for a comparison of the existing lime softening to the Zenon
UF unit. The conceptual cost opinions in Table 3-1 are based on retrofitting the existing lime softening
SCU with Zenon UF technology. Retrofitting the SCU is limited to 4.24-MGD based on the SCU
dimensions and a design flux of 17 gfd at 95 percent water recovery. The capital cost opinions include
cost associated with a ZeeWeed UF membrane water treatment system including pumps, blowers,
instrumentation, control system and motor control equipment designed to meet demand. Retrofitting the
existing SCU with immersed UF membranes lowers to capacity of the existing SCU and therefore
should not be considered as an option.
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Optimum operating conditions included a flux rate of 17 gfd and a 95% recovery rate. The
Zenon unit was capable of processing slurry with total suspended solids up to 2600 mg/L under
the conditions-evaluated-in this-investigation.

The Zenon unit provided similar results in filtrate water quality compared to overflow water.
Turbidity levels, particle counts and TSS in the filtrate were equivalent to that seen in the
overflow launder water pretreated feed as well as in the filter.

With Additional Pretreatment (PAC and Fey(SOy); Addition; pH = 10.0)

Ferric sulfate and PAC addition is not effective at reducing organic content in sludge blanket
slurry filtrate. Additionally, ferric sulfate tends to dissolve hardness and aluminum back into
solution.

4.2 Recommendations

The following are recommendations based on results of the pilot study and retrofitting comparisons:

Results of the pilot scale investigation indicate that an immersed UF membrane process more
effectively filters lime-softened surface water than conventional sand filtration. Also, retrofitting
the existing SCU will decrease the capacity from 5.0-MGD to 4.26-MGD. Therefore, based on
the observations and findings of this evaluation, it is recommended that Florida Water pursue
implementation of a full-scale (greater than 1.5 mgd) demonstration test using the launder
overflow as pretreated feed to the Zenon UF membrane process. The Zenon UF technology has
shown (on a pilot-scale) to perform with more favorable results over the existing sand filters
relative to water quality (turbidity and particle count removals). The full-scale unit should be
equipped with sulfuric acid feed for pH control and be operated at 30 gfd and 95 percent
recovery.

Retrofit capital cost of the existing sand filters with immersed UF membranes appears to be a
lower cost than a stand-alone immersed UF membrane process. Retrofitting the existing sand
filters is limited to 6.3-MGD based on the sand filter dimensions and a design flux of 30 gfd at
95 percent water recovery. However, retrofitting design cost, demolition, and installation are not
taken into account. Additional cost investigations of retrofitting the existing sand filters with
immersed UF membranes should be pursued for comparison to the stand-alone process.

Retrofitting the SCU is limited to 4.24-MGD based on the SCU dimensions and a design flux of
17 gfd at 95 percent water recovery. Retrofitting the existing SCU with immersed UF
membranes lowers to capacity of the existing SCU and therefore should not be considered as a
viable option.

Ferric sulfate and PAC addition appear not to be feasible options for enhanced treatment as ferric
sulfate tends to dissolve hardness and aluminum back into solution accompanied by a reduction
in alkalinity.
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TABLE A-1: Pilot Field Notes

Launder Overflow

Slurry

12/27/99 — Site Visit Notes:
» No reject flow.

» Unit operating but without a reject
stream

> Added Acid

12/27/99 — Site Visit Notes:

» Unit off-line, problems with the CIP
and process tanks filling up.

1/4/00 — Site Visit Notes:
» Unit #2 -CIP tank not filling up

1/6/00 — Site Visit Notes:
» Adjusted flow rate in CIP tank

1/6/00 — Site Visit Notes:
» Adjusted flowrate in CIP Tank

» Transfered bleed stream to peristaltic
pump.
» Cleaned turbidimeter .

» Slurry input changed from a mixture of
slurry from 2' & 8'to 2' & 6.

1/11/00 — Site Visit Notes:
» Acid out. Replaced carboy.

1/11/00 — Site Visit Notes:
» Increased bleed rate by 1 lpm.

1/26 —27/00 - Site Visit Notes:

» Zenon reps changed ZeeWeed fibers in
Zenon Unit #2.

1/31/00 -Site Visit Notes:

» Zenon reps performed bubble test on
Zenon Unit #2.

» Problems with H,SO4 Feed - (pH was
actual 4.0 SU instead of preset 7.5 SU)

2/2/00 — Site Visit Notes:
» Both Units Running Fine (Unit #2)
» Bad pH Probe Connection

2/2/00 — Site Visit Notes:
» Both Units Running Fine (Unit #1)
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TABLE A-1: Pilot Field Notes

Launder Overflow

Slurry

2/9/00 = Site Visit Notes:
» Both plants on-line.

> Problems with acid feed - restarted acid
feed.

2/9/00-Site Visit Notes:

» Both plants on-line.

» Slurry input changed from a mixture of
slurry from 2' & 6'to 2' & 4.

2/16/00 — Site Visit Notes:
» Both plants on-line.

2/16/00 — Site Visit Notes:

» Replaced bleed pump tube and reset
speed (4.6 Ipm)

» Both plants on-line.

2/24/00 — Site Visit Notes:
» Both plants on-line.
» Turned off acid feed

» Increased flow to 15.7 gpm and bleed
to 3.1 Ipm.

2/24/00 — Site Visit Notes:
> Both plants on-line.

3/1/00 — Site Visit Notes:

» Both plants on-line at arrival.

3/1/00 — Site Visit Notes:
» Cleaned (Unit #1) overnight soak.

» Will change feed source from 2' & 4' to
surface tomorrow.

> Pilot Unit was taken offline until
3/2/00.

3/14/00 — Site Visit Notes:
» 50% Recovery

3/14/00 — Site Visit Notes:
» Increased flux to 25 gfd.

3/22/00 — Site Visit Notes:

» Change feed to reactor surface

3/22/00 — Site Visit Notes:
> Shut down Zenon Unit #1
> Refilled with clean water & bleach
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