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Executive Summary

EXECUTIVE SUMMARY

The St. Johns River Water Management District (SSRWMD) and
CH2M HILL conducted an extensive pilot study involving the use
of integrated membrane systems to produce potable water from
the St. Johns River. The study identified treatment processes and
costs involved in using the St. Johns River as an alternative water
supply. This source is one alternative being evaluated to offset a
large water supply deficit projected in eastern central Florida.

The raw water source for the pilot study was Lake Monroe in
Sanford, Florida. This lake is part of the St. Johns River system,
and is characteristic of typical Florida surface water with low
turbidity and high dissolved organics. In addition, the lake
periodically becomes brackish from saline groundwater inflow
during low rainfall periods.

Prior to testing, a preliminary raw water characterization study
was conducted. Raw water data collected by the U.S. Geological
Survey (USGS) was used in the evaluation and selection of
appropriate treatment processes for the pilot program. The
characterization study identified the treatment requirements
necessary for St. Johns River water and a potential treatment
facility to be located in the reach between Titusville and DeLand
on the St. Johns River.

The basis of this study was to evaluate pretreatment technologies
that would sufficiently reduce the organic and turbidity levels in
the water (e.g., coagulation, clarification, and filtration) so that
effective salt removal could be conducted with RO membranes.

The purpose of this study is to demonstrate the treatability of this
source water, identify the appropriate technology and basic
design parameters for treatment, and determine both the capital
and operational costs for this potential facility. The intent is that
the information in this report will assist an entity in
implementing a surface water treatment facility in this reach of
the St Johns River and facilitate the next step for a water supply
project of this type.

The findings of this study are that the source water in this reach
of the St. Johns River is treatable and can be used as a source for
potable drinking water. All of the technologies identified and
selected by the stakeholders for testing in this study
demonstrated feasibility and can be recommended for use on this
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water. The design criteria and costs for these treatment
alternatives are summarized at the end of this report.

The costs for these systems, as well as the land requirement
information, from this report are being used as the basis for the
affordability (Affordability Analysis of Alternative Water Supplies,
Burton and Associates, 2004) and siting (TM D2B Surface Water
Treatment Plant Siting Study, HDR, 2004) elements of this project.
Those results are being published under separate cover.

PILOT SYSTEM PROCESS SELECTION

The first step of the pilot program was to meet with the
stakeholders for the project and select the treatment processes for
the study.

The process selection included stakeholder development of goals
and criteria for water treatment. Based on these goals and criteria
more than 17 potential treatment alternatives were developed.
The goals and criteria were then used to build a multi-attribute
analysis model. The model was employed to calculate the relative
benefit of each alternative and compare the benefit to the cost.
Considering both the cost and benefit, the stakeholders were then
able to select the treatment alternatives for pilot testing.

During the workshops, the stakeholders developed five major
criteria which were used to select the treatment technologies to be
tested in this study. These criteria were then weighted and
applied in a multi-attribute analysis model to evaluate 17
different treatment alternatives. Based on the evaluation, three
pretreatment technologies were selected to pretreat the water
before demineralization with RO membranes. The three
pretreatments selected for pilot testing were:

e the Super Pulsator (SuperP) blanket clarifier followed by dual
media gravity filtration;

e the Actiflo micro-sand ballasted clarifier followed by dual
media gravity filtration; and

e the Zenon ZeeWeed 500 immersed ultrafiltration membrane.
Pilot Plant

The pilot plant design was developed based on the treatment
alternatives selected by the stakeholders. The pilot plant
included facilities for raw water supply from the river,
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pretreatment (i.e., coagulation, clarification, and filtration),
followed by desalting processes using RO membranes.

The major necessary elements included in the pilot plant were as
follows:

e Raw water supply and pump station

e Chemical feed for coagulant with ferric chloride

e Chemical feed for pH adjustment with caustic and sulfuric
acid

e Actiflo flocculation and clarification

e SuperP flocculation and clarification

e Zenon Ultrafilter (membrane filtration)

e Single element RO treatment units

e High recovery RO treatment units

e Chemical feeds for RO system operations and maintenance
including antiscalant, biofouling control chemicals
(chloramine and Bioguard )

e Pilot plant SCADA and control system

Based on the process design previously described, the mechanical
design included pumps, pipes, tanks, valves, and controls
necessary to connect and operate the pilot plant.

The pilot site was located at the Sanford South Water Reclamation
Facility in Sanford, Florida. Water was pumped from Lake
Monroe to the pilot plant and treated water was discharged into a
manhole at the headworks of the wastewater treatment facility.

PRELIMINARY BENCH SCALE STUDIES

Before the pilot testing began, preliminary bench-scale work was
conducted to select the coagulant and RO membranes evaluated
during the study. Coagulant jar testing of four different
coagulant types determined the best coagulant for coagulation of
organics and particles as well as the best to optimize clarification.
Membrane flat sheet testing was used to screen more than 25
membrane types. Four membranes were selected for field testing.

Coagulant Screening and Selection

UCF evaluated the following four coagulants for use in this study:
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e Ferric chloride (FeCl,)

e Ferric sulfate (Fe,(SO,).)

e Aluminum sulfate (alum (Al,(SO,),))
o PAX-XL19 (aluminum chlorohydrate)

The four coagulants were evaluated at varying dose and pH
levels. The goal of the coagulant jar testing was to determine an
appropriate coagulant dose and pH for TOC and UV,,, removal
while ensuring adequate particle removal during clarification and
filtration.

Based on the jar test results, ferric sulfate was selected as the
coagulant for this study based on the higher level of organic
removal achieved with the iron coagulant.

Flat Sheet Membrane Screening and Selection

Due to the variety of commercially-available nanofiltration (NF)
and RO membranes, a bench scale screening process was
conducted to select the appropriate membranes to evaluate
during the pilot study. The membrane screening and selection
was conducted by the University of Central Florida (UCF) on 25
different membrane types. The 25 membranes tested were
selected by UCF using manufacturer provide data. The
membranes evaluated included RO membranes as well as NF
membranes. NF membranes were tested to determine if they
were “tight enough” to remove chloride and bromide ions.
Identifying a “tight” NF membrane could yield a savings in
energy costs due to the lower feed pressure requirements for
these membranes.

To produce water for the flat sheet tests, water from Lake Monroe
was coagulated with ferric sulfate at the dose determined above
and filtered prior to application to the flat sheets. For the
purposes of this discussion, this water is referred to as
coagulated, settled, and filtered (CSF) water. Membranes were
selected using the following criteria:

e Non-purgable dissolved organic carbon (NPDOC) removal
e Inorganics rejection
e Surface characterization

The selectivity of organics was ranked based on NPDOC rejection.
Membranes with permeate NPDOC levels greater than 0.5 mg/L
were eliminated.
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Fouling potential was not directly determined in flat sheet
experiments, but rather based on surface properties. Generally,
the rate and extent of membrane fouling are greatly affected by
membrane surface properties such as roughness, charge, and
hydrophobicity; membranes with low surface roughness, neutral
charge, and less hydrophobicity are expected to be ideal for high
organic surface water treatment.

Based on the results of flat sheet testing, the following four
membranes were selected for field pilot evaluation:

e Filmtec BW30FR

e TriSep X-20

e Hydranautics LFC1
e Osmonics SG

PILOT TESTING

After completing the pilot design and construction, pilot plant
operations began in August 2001. The pilot testing program was
conducted during the 19 month period from September 2001 to
April 2003. During the course of the pilot testing, five
pretreatment combinations and four RO membranes were
evaluated.

As describe above, the pilot facilities included the following
three basic pretreatment technologies in five combinations. The
five pretreatment combinations included two high-rate
clarification followed by media filtration, two high-rate
clarification followed by membrane filtration, and one direct
membrane filtration. These five combinations are as follows:

e Actiflo ballasted sand clarifier followed by dual media filtration

e Superpulsator (SuperP) blanket clarifier followed by dual
media filtration

e Zenon ultrafilter operating in direct filtration mode
(coagulation in the membrane tank)

e Zenon ultrafilter operating as a filter after clarification
(following Actiflo)

e Memcor microfilter operating as a filter after clarification
(following Actiflo)
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These five pretreatment combinations were used throughout the
entire pilot testing program.

The testing was divided into these phases: Phase 1A, 1B, 2A, 2B,
and 3. The pretreatment evaluation was based on the ability to
remove organics, turbidity, and pathogens. In addition, the
pretreatment systems were also evaluated on their process
stability and operability.

In each phase, the pretreatments provided treated water to RO
membranes for desalting. Therefore, the pretreatments were also
evaluated for their ability to provide a suitable feed water to the
RO desalting membranes. Suitable performance was assessed by
changes in RO performance parameters, including normalized
product flow (NPF), differential pressure coefficient (DPC), and
normalized salt passage (NSP).1

Detailed timelines for all phases of the pilot testing are included
in the report.

Raw Water Quality

Raw water quality, in large part, determines the treatment
requirements necessary to process Lake Monroe water into
drinking water and to meet drinking water goals and regulations.
For example, NOM in the raw water will generally control the
coagulant dosage required to successfully treat the water. Also,
TDS will generally control the level of demineralization required
and the percent of water that must be processed by RO. Raw
water quality characterization is the initial step in the selection,
evaluation, and design of water treatment facilities.

During this study, grab samples were collected biweekly by the
USGS and analyzed for various general, organic, inorganic, and
nutrient analytes. Samples were collected at four points along the
reach of the river. The USGS began sampling at these locations in
January 2000 and continued until August 2002 (a total of 31
months). This water quality characterization defines the expected
range of raw water quality parameters and correlates lab
measured organic and inorganic parameters to simple field
measurements.

Further, grab samples were collected daily during pilot testing
and analyzed for easily measured field parameters such as pH,

L Each of these parameters will be defined in a subsequent section of the report.
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turbidity, color, and alkalinity. These samples were collected
from August 2001 to April 2003 when pilot plant was operational.

Pretreatment Testing

As discussed earlier, the raw water for the St. Johns River is
seasonally brackish with TDS exceeding 1,200 mg/L. This TDS
can only be removed by RO membranes. However, the organic
and turbidity levels in the raw water need to be reduced
significantly for the RO membranes to perform properly.
Therefore, pretreating the water before it passes through the RO
membranes is an important step in treating this water and was,
therefore, a critical focus for this pilot study.

Pretreatment testing was conducted throughout the entire pilot
testing program. The testing, as described earlier, was divided
into distinct phases: Phase 1A, 1B, 2A, 2B, and 3.

The Phase 1A testing was the only phase in which all three
pretreatment technologies (Actiflo, Super-P, and Zenon 500C
direct filtration) were tested side-by-side.

The purpose of Phase 1A was to select the best pretreatment
process which would then be used for the remainder of the testing
with the RO membranes. However, all three pretreatment
processes worked well in Phase 1A. Therefore, based on this
result, all three of the pretreatment processes were used in the
subsequent phases. The pretreatment technologies used in Phases
1B, 2, and 3 depended on availability and schedule. The
pretreatments used in the different phases of this study are as
follows:

Phase 1A SuperP, Actiflo, and Zenon Ultrafilter

Phase 1B Super P and Zenon Ultrafilter

Phase 2A  Super P and Zenon Ultrafilter

Phase 2B Actiflo and Zenon Ultrafilter

Phase 3 Actiflo, Zenon Ultrafilter, and Memcor Microfilter

It is important to note that in each phase, these pretreatments
provided treated water to the RO membranes for desalting.

Phase 1A Testing

As previously mentioned, the Phase 1A testing was the only
phase in which all three pretreatment technologies (Actiflo,
Super-P, and Zenon 500C direct filtration) were tested side-by-
side. The purpose of Phase 1A was to select the best pretreatment

Surface Water Treatability and Demineralization Study



Executive Summary

process which would then be used for the remainder of the testing
with the RO membranes. However, all three pretreatment
processes worked well in Phase 1A.

All three pretreatments were able to produce potable water
guality without RO membrane treatment. Organics removal by
each pretreatment exceeded regulatory requirements. The filtered
water turbidity from each process was significantly below 0.1
NTU, and each process demonstrated a stable operation
throughout the test phase.

In addition, the treated water produced from each of these
pretreatment systems provided for stable RO membrane
performance without membrane fouling.

Phase 1B, 2, and 3 High Rate Clarification Testing

SuperP and Actiflo were further tested as clarification
technologies for organics and turbidity removal with further
particle removal by granular media filtration. These systems
continued to feed the selected RO membranes to demonstrate that
SuperP with granular media filtration (SP/GF) and Actiflo with
granular media filtration (AF/GF) could produce treated water
that meets drinking water goals..

Super-P Conclusions

The Super-P tests indicated that average turbidities were less than
0.05 NTU at all filtration rates (4, 7, and 10 gpm/ft’) and average
particle counts were less than 33.7 counts/ml. This filtered water
turbidity level exceeds the water quality and regulatory goal for
the study. The SuperP clarified water was filterable. The water
production measured by UFRV was acceptable ranging from 9,000
gal/ft’ to over 20,000 gal/ft’ depending on the loading rate
Loading rates from 4 to 7 gpm/ft® resulted in filter runs from 30
to 99 hours.

Actiflo Conclusions

The Actiflo clarified water was filterable. All of the data
indicated that filtration up to a rate of 8 gpm/ft* will produce
filtered water quality meeting the drinking water regulations. The
average filtered water quality was less than 0.1 NTU with
average particle counts less than 34.1 counts/ml. For design of
filters with Actiflo clarification, filtration rates up to from 4 to 8
gpm/ft> maybe used, with filter run times ranging from 24 hours
to 100 hours depending on the loading rate used.
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Phase 1B, 2 and 3 Microfiltration/Ultrafiltration Testing

Microfiltration (MF)/Ultrafiltration (UF) was tested as a
pretreatment to RO and to demonstrate that UF could produce a
treated water meeting drinking water goals. One MF system,
Memcor CMF-S, and one UF system, ZeeWeed 500-C, were tested
during the study. Both were operated following clarification as an
alternative for media filters. In addition, the ZeeWeed 500-C was
tested in direct filtration mode, in which the Zenon was a stand alone
pretreatment with coagulation occurring in the process tank.

Zenon Direct Filtration Testing and Conclusions

The purpose of Zenon direct filtration testing was to evaluate the
Zenon process as a stand alone pretreatment system for direct
comparison to Actiflo/SuperP clarification followed by granular
media filtration. In direct filtration mode, flocculation is
performed prior to ZeeWeed UF, but coagulation and filtration
occur in the same tank.

The objective of direct filtration testing was to gather the
necessary data to develop full scale design recommendations for
optimized flux, recovery, cleaning interval, and coagulant dosage
and to accurately estimate full scale costs for a ZeeWeed based
pretreatment system.

Based on the results of testing conducted during the period
September 2001 to October 2002, the Zenon membrane was
adequate for treating this source water in a direct filtration mode.
The design parameters that were developed for the ZeeWeed 500-
C membrane operating in direct filtration mode suggest a design
flux of 20 gfd with a recovery of 90 percent. These operating
parameters resulted in a cleaning interval of greater than 6 weeks.

Zenon and Memcor Clarified Water Testing and Conclusions

Both the Zenon Ultrafilter and the Memcor CMF-S microfilter
were tested on clarified water to evaluate their performance in
place of media filters. Testing included operation at a variety of
flux rates and recoveries with the goal to optimize membrane
productivity and develop criteria for full-scale design of a
Memcor MF plant.

The Memcor CMF-S membrane was tested on clarified water from
January 2003 to April 2003. The CMF-S pilot testing
demonstrated that on properly clarified water, a 6 week cleaning
interval was possible at a flux of 39 gfd, backwash interval of 30
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minutes, and recovery of 94.3 percent. Further, a daily
maintenance clean using a chlorinated feed solution of 200 mg/L
as Cl, would be required.

The Zenon membrane was tested on clarified water from
November 11, 2002 to January 16, 2003. The Zenon pilot testing
resulted in the recommendation of the ZW-1000 membrane for
this application. The pilot testing demonstrated that on properly
clarified water, a 4 to 6 week cleaning interval was possible at a
flux of 20 gfd, and recovery of 92 percent.

Reverse Osmosis Membrane Testing

The previous sections summarized the results and performance of
the high rate clarifiers and micro/ultrafilters in removing
organics and turbidity. As mentioned earlier, during this pilot
study, these pretreatments continuously provided treated water
to the RO membranes for desalting. The membrane performance
data was summarized from both the single element membrane
units as well as the high recovery pilot unit.

The following summarizes the performance of these membranes in
treating water provided from these pretreatment processes. The
membrane performance was assessed with regards to differential
and net driving pressure, salt passage, and net product flow.

The RO membranes were tested over a 19 month period with a
variety of pretreatments. As mentioned earlier, Phase 1 A was the
only time in which all three pretreatments provided water to the
membranes side-by-side. For the remaining phases, the
pretreatment depended on schedule and availability. A number of
different combinations of pretreatments and membranes were
evaluated during this phased testing.

The RO membrane data collected was quite extensive over the 19-
month period during which over 11,000 hours of membrane field
data was gathered.

Refer to the Pilot Timeline section of this report for detailed
information regarding which membranes were tested with
different pretreatments, dates for the testing, conditions for the
testing, as well as process flow schematics for the testing.

As described above, the membrane screening and selection was
conducted by UCF on 25 different membrane types. The RO
membranes selected for pilot testing were the following:
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e Osmonics SG Brackish Water Membrane

e Hydranautics Low Fouling Composite (LFC1) Membrane
e TriSep X-20 Membrane

e Filmtec BW30FR Membrane

e Filmtec BW30LE Membrane?

The first four of the above membranes were selected from the flat
sheet testing. The fifth membrane is a conventional low energy
fouling resistant membrane. This membrane was added for
testing to determine if such a membrane type could be cost
effectively operated on the pretreated Lake Monroe water.

Based on all of the membrane field testing, the following
conclusions can be drawn regarding the pretreatment (including
biofouling control) and RO membrane evaluations.

All three pretreatment trains (UF and the Super P and Actiflo
high rate clarification followed by GMF) are acceptable for full-
scale use in pretreating Lake Monroe water. Each will provide an
RO feed water of appropriate turbidity and SDI; however, UF
provides a lower and more consistent SDI feed.

Chloramination of the pretreated Lake Monroe water is necessary
to control biological (bacterial) fouling, both on the RO
membranes and the cartridge pre-filters. Where high rate
clarification is used, chloramines should be dosed to clarified
water to optimize filtered water quality and filter run lengths and
to reduce chloramine usage.

Due to the chloramination of the membranes for biofouling
control, as well as fouling that was occurring from normal
operation, increases in salt passage through the membrane were
observed during the pilot testing. Under recommended operating
conditions, the salt passage increase was found to range between
2.1 to 2.4 percent per year.

Based upon this salt passage rate, and a maximum allowable
permeate water TDS of 200 mg/L, the membrane replacement
frequency under these conditions would be approximately 5
years. This membrane replacement frequency met the
replacement goal set for this study.

2 The BW30LE membrane is a conventional (non-fouling resistant membrane) having lower cost and energy
consumption compared to the other fouling resistant membranes. This membrane was not selected during the Flat
Sheet Membrane Screening and Selection previously discussed. Testing was performed on this membrane to
determine if such a membrane type could be cost effectively operated on the pretreated Lake Monroe water.
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Concentrate Discharge Risk Analysis

A risk analysis of discharging the RO concentrate back to the St.
Johns River was conducted. The evaluation of toxicity was based
on an empirical toxicity database compiled into the model GRI-
FW-STR (Mount et al., 1997). The model predicts acute toxicity of
seven common ions to three standard freshwater test organisms,
using stepwise probit regression to find a best fit for effects. The
model results are reflective of what is likely to happen in a whole
effluent toxicity (WET) test. The focus of this approach is the
summed effect of all the materials in the effluent, and in typical
application may be followed up with specific toxicity tests if the
material fails the WET test.

The results of the analysis suggest that the discharge of this
concentrate stream is a relatively low risk. The results of this
analysis indicate that a discharge of this type in the Middle St.
Johns River may be accomplished in ways that are protective of
the environment and meet current regulatory criteria and statutes
while understanding that other issues in addition to toxicity must
be considered.

DISINFECTION AND T&O REMOVAL EVALUATIONS

Taste and odor control was also evaluated for this source water.
For control of taste and odor causing compounds, specifically 2-
methylisoborneol (MIB) and geosmin, PAC testing and membrane
flat sheet testing were performed on Lake Monroe water spiked
with MIB and geosmin.

PAC dosage of 40 mg/L achieved 40 percent removal of MIB and
nearly 70 percent removal of geosmin at a 15 minute contact time.
Flat sheet testing resulted in more than 93 percent removal of
both compounds. The testing also indicated that membrane
degradation due to chloramines and fouling may result in more
passage of these taste and odor compounds over time. However,
any decrease in rejection of these compounds by the membranes,
as they approach replacement, can be mitigated with higher PAC
dosages during pretreatment. Therefore, the use of PAC in
conjunction with the RO membranes is an effective approach for
taste and odor control for this source water.

Final recommendations were also developed for disinfection
based on the DBP testing conducted. Testing was performed on
two finished waters, the RO permeate and on filtered water which
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had been pretreated by Actiflo clarification (clarified/filtered).
These two waters were tested to illustrate the recommended
disinfection strategy for a number of reasons. First, a number of
different end uses are possible for this treated water. The final
blend characteristics of this water with other utilities will not be
determined at this time. The intent of this testing is to evaluate
the two extreme conditions, the highest organic levels with no
desalting (clarified/filtered water) and then the lowest organic
levels (RO permeate). The premise is to identify the available
contact time for each alternative as well as if chlorine or
chloramines can be used as the residual disinfectant.

Based on the DBP formation, if split stream RO is used (75 percent
membrane treatment for TDS reduction or higher, but not
including 100 percent) virus inactivation will be done with free
chlorine with Giardia and Cryptosporidium inactivation being
accomplished with UV. Since a significant level of organics will
be present in the finished water, chloramines will have to be used
for a residual disinfectant.

Due to the concerns of emerging contaminants and the conversion
many utilities will face if chloramines have to be used as the
residual disinfectant, 100 percent membrane treatment is likely
the preferred alternative for desalting. The primary disinfectant
for the RO permeate with 100 percent membrane treatment will be
free chlorine. Free chlorine can also be used as the residual
disinfectant in the distribution system. UV can also be used on
the RO permeate for Cryptosporidium inactivation if the
membranes have to be bypassed during a maintenance event or
shutdown.

MICROBIAL CHARACTERIZATION AND CHALLENGE
TESTING

Microbial testing was conducted to examine the water quality of
Lake Monroe for natural microbial contaminants that are of
concern in drinking water. This study was done to provide data
to assess the microbial characteristics of the St. Johns River both
above and below Lake Monroe to evaluate the potential areas at
which a surface water plant may be sited. Specifically, levels of
Cryptosporidium, Giardia, enteric viruses, several indicator
organisms, and algal toxins were sampled.
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An evaluation of treatment processes that reduce the levels of
these contaminants during water treatment was also conducted.
Microbial challenge studies were conducted during Phase 2A, 2B,
and 3 with the three pretreatment systems. The pilot feed streams
to the treatment units were challenged with polystyrene micro-
beads as a surrogate to Cryptosporidium oocysts. The challenge
was conducted to evaluate the pathogen removal efficacy of the
pretreatments.

Three sites were monitored at Lake Monroe to develop a
comprehensive characterization of the natural microbial water
quality in Lake Monroe. The sites were monitored monthly for 12
months to assess the influent raw water to the Lake Monroe
watershed, the raw water at the pilot plant intake, and the
effluent raw water of the Lake Monroe watershed.

The characterization included the pathogens Cryptosporidium and
Giardia, human enteric viruses, and Clostridium spp., in addition
to indicator organisms: total coliforms, fecal coliforms, Escherichia
coli (E. coli), Enterococci spp., and coliphages. Cyanobacteria, algal
toxins, and several physical parameters were also analyzed.

The challenge testing suggested that under proper coagulation
and treatment conditions, all three pretreatment systems were
effective at removing total coliform, fecal coliform, and 3 um
beads. As expected, the Zenon system had a much higher
removal of beads compared to the clarification/granular media
filtration systems.

Effective removal of 3 um beads is significant because these beads
are a surrogate for Cryptosporidium, a microorganism regulated
under the enhanced surface water treatment rules from EPA.
Cryptosporidium is also one of the smaller regulated pathogens
which suggest that these data also indicate that removal of the
larger organisms such as Giardia can be achieved as well. These
data provide the basis that compliance with current and future
enhanced surface water treatment rules will be possible with
these pretreatment technologies.

In addition, these data also indicate the log removals for the
combined processes such as coagulation/clarification followed by
media filtration or membrane filtration were very high. These
combined removals ranged up to 6 to 8 log removal of the 3 um
bead surrogate.
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EXPECTED FINISHED WATER QUALITY

In conjunction with pilot testing, extensive analyses were
conducted on filter and RO permeate water. Daily samples were
collected and analyzed from the raw water, pretreatment systems,
RO membrane permeate, and RO membrane concentrate. The
results of these evaluations facilitated the projection of water
quality parameters.

In addition to these analyses, Safe Drinking Water Act sampling
and evaluation was conducted to ensure that a surface water
facility on this reach of the St. Johns River would be able to meet
the existing regulatory requirements of the EPA and the FDEP.
Two sampling events were conducted on the raw water, filtered
water, and RO permeate.

Volatile organics or Group | or Group Il Unregulated
Contaminants were not present in the raw water during the two
sampling events and therefore were not present in the finished
water.

Trace levels of 2 compounds including Pesticides, PCBs, and
Group Il contaminants were present in the raw water. The
coagulation/filtration and RO membrane technologies removed
these compounds to below the regulatory limit.

Some inorganics and Secondary contaminants were present in the
raw water. However, pretreatment with coagulation/clarification
followed by filtration, as well as treatment with the RO
membranes were able to remove all of these compounds to below
the regulatory limits.

Therefore, in summary, the finished water produced from
pretreatment with coagulation/clarification and filtration,
followed by RO membranes, met or exceeded all current USEPA
regulatory standards as well as anticipated future regulatory
standards.

TREATMENT SYSTEM RECOMMENDATIONS

Based on the pilot testing, the pretreatment alternatives tested
were able to sufficiently treat the St. Johns River water to meet
potable standards as well as pretreat the water to allow the use of
RO membranes for desalting. These treatment alternatives are as
follows:
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e Actiflo ballasted sand clarifier followed by dual media filtration
e SuperP blanket clarifier followed by dual media filtration

e Zenon ultrafilter operating in direct filtration mode
(coagulation in tank)

e Zenon ultrafilter operating as a filter after high-rate
clarification

e Memcor microfilter operating as a filter after high-rate
clarification

Further, the following RO membrane types recommended for
desalting this pretreated source water based on the pilot study are:

e Filmtec BW30FR
e TriSep X-20

Considering the use of the MF/UF membrane used for either
direct filtration or filtration after clarification, as well as the
percentage of desalting with RO membranes, the following six
potential treatment combinations can be recommended for
treating this waster based on the pilot results:

1. Zenon ZW-500-C (direct filtration) with 100 percent RO treatment
Zenon ZW-500-C (direct filtration) with 75 percent RO treatment
Actiflo/Granular Media Filtration with 75 percent RO treatment
SuperP/Granular Media Filtration with 75 percent RO treatment
Actiflo/Memcor CMF-S or Zenon 1000 with 100 percent RO
treatment
6. Super-P/Memcor CMF-S or Zenon 1000 with 100 percent RO
treatment

ko

As discussed previously, these six alternatives provide the
average benefit and cost with clarification and partial desalting
and microfiltration with partial desalting (Alternatives 2, 3, and 4)
and the highest benefit and highest cost dual membrane
alternatives with 100 percent desalting (Alternatives 1, 5, and 6).
These represent the range of technologies and cost benefits
selected by the stakeholders at the beginning of the study.

The study found that these are all feasible water treatment
technologies, each with each having a unique set of benefits and
corresponding costs. The costs for these alternatives as well are
included in the last section of this report.
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INTRODUCTION

The St. Johns River Water Management District (SSRWMD) and
CH2M HILL have completed an extensive pilot study involving
the use of integrated membrane systems to produce potable water
from the St. Johns River. The purpose of the study was to identify
treatment processes and the respective costs involved in using St.
Johns River as an alternative water supply source to offset a large
water supply deficit projected in eastern central Florida.

The raw water source for the pilot study was Lake Monroe in
Sanford, Florida. This lake is part of the St. Johns River system,
and is characteristic of typical Florida surface water with low
turbidity and high dissolved organics. In addition, the lake
periodically becomes brackish from saline groundwater input
during low rainfall periods. Total dissolved solids (TDS) levels in
Lake Monroe can reach 1,200 milligrams per liter (mg/L) with
chloride levels of 500 mg/L. This water, therefore, requires some
form of organics and particle removal by chemical coagulation/
clarification and filtration followed by demineralization for salt
removal by reverse osmosis (RO) membranes.

Prior to testing, a preliminary raw water characterization study
was conducted. Raw water data collected by the U.S. Geological
Survey (USGS) was used in the evaluation and selection of
appropriate treatment processes for the pilot program. The
characterization study identified the treatment requirements
necessary for St. Johns River water and a potential treatment
facility to be located in the reach between Titusville and DelLand
on the St. Johns River.

Selecting treatment technologies for any water treatment system
is driven primarily by drinking water regulations and the need to
meet consumer expectations. For surface water treatment, the
primary regulations are the Enhanced Surface Water Treatment
Rules (ESWTR) and the Disinfectant/Disinfectant By-Product
(D/DBP) Rules. The planning process for any treatment facility
on the St. Johns River has a 5 to 10 year window. Therefore, by
the time construction of this facility is complete, compliance will
be required with the Long Term 2 (LT2) ESWTR and Stage 2
D/DBP rules. To meet these regulations, the following primary
analytes were targeted for removal in the pilot plant:

e Organics
e Turbidity
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e Giardia
e Viruses
e Cryptosporidium

The approach to removing these analytes is multibarrier
treatment involving the following unit processes:

e Coagulation and flocculation
e Clarification

e Filtration

e Disinfection

This approach requires each process to remove water-borne
pathogens, operating at a high rate of efficiency. The
effectiveness is cumulative, in that each unit process helps the
subsequent unit process work more effectively than if operated
alone. For instance, effective coagulation and flocculation will
improve the performance of the clarification process, and
effective clarification will improve the performance of filtration.
After filtration, the filtered water is considered “clean,” which
increases the effectiveness of disinfection. Disinfection is used to
inactivate any of the pathogens that may have passed through the
previous barriers. In this manner, each step plays an important
role in the removal and inactivation of water-borne pathogens.

Additionally, as previously mentioned, the St. Johns River has
unigue characteristics due to the brackish content of the water
with seasonally high TDS and chloride levels. Because of these
unique characteristics, some form of demineralization for salt
removal must be used with conventional treatment.

Therefore, the basis of this study was to evaluate pretreatment
technologies that would sufficiently reduce the organic and
turbidity levels in the water so that effective salt removal could be
conducted with the RO membranes.

Surface Water Treatability and Demineralization Study
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PILOT SYSTEM PROCESS SELECTION

The first step of the pilot program was to meet with the
stakeholders for the project and select the treatment processes for
the study.

The process selection included stakeholder development of goals
and criteria for water treatment. Based on these goals and
criteria, more than 17 potential treatment alternatives were
developed. The alternatives were then combined with the goals
and criteria and a multi-attribute decision model was developed
that ranked the relative benefit of each alternative with the cost.
Considering both cost and benefit, the stakeholders were then
able to select the treatment alternatives for pilot testing.

This process was conducted during the course of three meetings
with the stakeholders and the District—Goal Meetings 1 and 2, and
Evaluation Meeting 1. The stakeholders included local government
officials and utility staff from east Central Florida cities and
counties, regulatory officials from the Florida Department of
Environmental Protection (FDEP), and one county health
department.

GOALS

During April and May of 2001, the project team conducted
workshops with the utility stakeholders of this project to develop
the overall goals of the study as well as identify the water quality
goals and selection criteria to be used in choosing the appropriate
technologies to test in the pilot study.

Based on stakeholder input, the overall goals of the pilot study
were as follows:

e Determine the treatment requirements necessary to produce
varying levels of finished water quality for different end uses,
including potable water, reuse augmentation, and aquifer
recharge.

e Determine the associated cost of each of the levels of treatment
evaluated.

e Provide the design criteria and operating parameters necessary
for the design of a full-scale treatment plant.

e Allow stakeholders to become familiar with the surface water
treatment technologies that are being evaluated.

Surface Water Treatability and Demineralization Study
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TREATMENT PROCESS SELECTION

During the workshops, the stakeholders developed five major
criteria for use in selecting the treatment technologies to be
tested. The five major criteria and the associated subcriteria are
summarized in Table 1. These criteria were then ranked using a
forced ranking approach and were applied to a multi-attribute
decision model to evaluate 17 different treatment alternatives.
The decision model then calculated the relative benefit for each
alternative using the treatment scores and weighted criteria. Each
alternative was then ranked according to relative benefit. In
addition the process cost for each alternative was then estimated
and compared to the relative benefit. This information was
displayed graphically facilitate stakeholder selection of the final
treatment processes for piloting. The relative benefit ranking
with the costs for each alternative is shown in Figure la. Using
this figure, the stakeholders were able to identify alternatives
with the higher relative benefit and lower costs. Any treatment
alternatives that had lower relative benefits and higher costs were
easily identified and eliminated using this approach.

Based on the evaluation, three pretreatments were selected by the
stakeholders to treat the water before demineralization with RO
membranes. The three pretreatments selected for pilot testing
included:

e the Super Pulsator (SuperP) blanket clarifier followed by dual
media gravity filtration;

e the Actiflo micro-sand ballasted clarifier followed by dual
media gravity filtration; and

e the Zenon ZeeWeed 500 immersed ultrafiltration membrane.

These pretreatments were selected based on their ability to reduce
turbidity and organics, their relative operability, and their ability
to produce a suitable feed water for RO membrane treatment.
Using Figure 1a, these treatment alternatives ranged from average
benefit and average cost to highest benefit and highest cost. This
selection allowed the stakeholders to evaluate a range of
technologies and benefits in the pilot study. This range included
clarification/filtration followed by RO membranes (average
benefit and cost) and MF/UF filtration followed by RO
membranes (dual membrane highest benefit and highest cost).
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Table 1. Stakeholder Selection Criteria

Category

Criteria

Goal

Enhanced Regulatory Compliance

Disinfection By-products

THMs Meet Regulations
HAAs Meet Regulations
Bromate Meet Regulations
Chlorite Meet Regulations
Pathogens
Giardia Meet Regulations
Crypto Meet Regulations
Virus Meet Regulations
Inorganics
Total Dissolved Solids Meet Regulations
Chloride Meet Regulations
Corrosion Control Meet Regulations
Organics
TOC Meet Regulations
SOCs/VOCs Meet Regulations
Aesthetics Taste and Odor Meet Regulations
Color Meet Regulations
Other Water Quality Goals Algal Toxins Minimize
Chloride <250
TOC Minimize
Regrowth Minimize
Sodium Minimize
Environmental Issues Residuals-Solids Minimize
Traffic Minimize
Plant Odors Minimize
Sustainable Maximize
Environmental Hazards Minimize
Residuals-Liquid Minimize
Foot Print Minimize
Navigational Impairment Minimize
Noise Minimize
Plant Operability Automation Maximize
Maintenance Minimize
Operating Complexity Minimize
Flexibility to handle WQ degradation Maximize
Interruptible operations Maximize
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Figure la. Alternatives Cost and Benefit
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It is important to note that riverbank filtration was also
considered by the stakeholders to further reduce or eliminate
pretreatment requirements for the RO membranes. However, due
to the site specific nature of bank filtration testing, it was not
selected for evaluation. The premise of this decision is that this
project is a demonstration study to identify an implementable
solution for a treatment plant to be located anywhere between
Lake Monroe and Deland. Since testing bank filtration at our
specific pilot plant location would not prove, or disprove, it’s
applicability at other locations, it was not tested. However, if a
specific treatment plant location in this reach of the river is
selected for implementation, some site specific bank filtration
testing can be conducted to evaluate it’s effectiveness.

For further information on treatment process selection see
Appendix A.
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PILOT PLANT DESIGN

This section summarizes the pilot plant design to test the
stakeholder selected treatment alternatives. The design includes
the facilities for raw water supply from the river, the treatment
equipment required for coagulation and pretreatment of the river
water, and the treatment equipment required for desalting with
RO membranes.

The major elements required for the pilot plant design included:

e Raw water supply and pump station
e Chemical feed for coagulant

e Chemical feed for pH adjustment including caustic and
sulfuric acid

e The Actiflo pretreatment alternative
e The SuperP pretreatment alternative
e The Zenon Ultrafilter alternative

e Single element RO treatment units used for membrane
alternatives testing

e High recovery RO treatment unit used for membrane system
design testing

e Chemical feeds for RO system including antiscalant for the
membranes, chemical feed for biofouling control (chloramines
and Bioguard were tested)

e Pilot plant SCADA and control system

Figure 1 illustrates the pilot plant process and instrumentation
diagram. The figure shows the pilot plant treatment processes,
chemical feed locations, and instrumentation. Each of the unit
processes are discussed in more detail below.

RAW WATER SUPPLY

Water was pumped from Lake Monroe to the pilot site and split
among the various pretreatment trains as illustrated in Figure 1.
The raw water intake was provided by the City of Sanford. The
intake was an old outfall pipe in which the flow was reversed to a
manhole. A 500 gpm submersible pump was placed in the
manhole to supply raw water to the pilot plant.
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Chloramination was one of the alternatives tested to control
biofouling on the RO membranes. Therefore, a design was
provided to chloraminate the raw water prior to entering
pretreatment. Raw water chloramination was tested so that all
streams received the same dose of monochloramine, prior to
splitting them among the pretreatment trains. The chemicals
were fed by chemical metering pumps which maintained a
chloramine residual of 5 mg/L as Cl, throughout the process
trains.

In addition, a chloramine application point was also designed at a
location following clarification. This was done due to chloramine
deterioration at the low coagulation pHs and chloramine
adsorption in the powdered activated carbon (PAC) blanket of the
SuperP. Further, chloramination after clarification was tested to
assess suspected RO membrane effects from interaction of the
chloramines with the high organic raw water.

PRETREATMENT

As previously discussed, three pretreatment alternatives were
selected for testing during this pilot study. All pretreatments used
the ferric sulfate coagulant (Fe,(SO,),), selected from jar test
experiments performed on Lake Monroe water by the University
of Central Florida (UCF). The jar test results are discussed in the
Pre-Pilot Bench Scale Studies section of this report. All
coagulation was done at a low pH to maximize organic removal.
The pH of the water during coagulation was adjusted using either
sulfuric acid (H,SO,) or sodium hydroxide (NaOH) in order to
maximize the removal of color and dissolved organics.

Each pretreatment process uses a different technology to clarify
and remove the coagulated solids (sludge) from the water. The
following sections provide brief descriptions of the pretreatment
technologies.

High Rate Clarification

Actiflo®

Actiflo® is a high rate clarification process that uses microsand-
enhanced flocculation and lamella settling to produce clarified
effluent. The process consists of rapid mixing where the coagulant
is added, an injection tank, where micro-sand and a polymer are
applied, and a maturation zone, where low energy mixing is
applied to build the floc. The water then enters the settling tank
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where the sand-based flocs quickly settle. Further clarification
occurs as the treated water flows through inclined tube settlers
prior to exiting the process via effluent channels. The micro-sand
sludge at the bottom of the settling tank is pumped to a
hydrocyclone, where the sand is separated from the sludge by
centrifugal force. The sand is then returned to the head of the
process for reintroduction into the injection tank.

For this study, polymer and micro-sand addition rates for this
study were determined by the manufacturer. The optimum
coagulation pH was between 4.0 to 4.5, which achieved the
optimum organics removal. This is further discussed in the
Pretreatment Evaluation section of this report.

SuperP

The SuperP is an upflow solids blanket clarifier (also known as a
solids contact clarifier) which combines rapid mixing,
flocculation, and sedimentation in one unit. These clarifiers are
designed to maintain a large volume of flocculated solids within
the unit, which enhances flocculation by encouraging interparticle
collisions. Further interparticle collisions are achieved through
the use of a vacuum system which pulses the sludge blanket,
causing the blanket to expand and contract. The flocculated solids
(blanket) are usually maintained at a set volume in the contactor.
Blanket cohesion is achieved through the use of a polymer in
addition to the coagulant. Often, PAC is also used with the
SuperP to enhance total organic carbon (TOC) removal and
improve taste and odor.

For this study, polymer and PAC dosages were determined by the
manufacturer. The optimum coagulation pH was between 4.0 to
4.5, for optimum organics removal. This is further discussed in
the Pretreatment Evaluation section of this report.

Granular Media Filtration

As previously discussed, both Actiflo and SuperP require
filtration following clarification. Filtration was performed at a
target pH of 6.5 in order to minimize residual iron in the filtrate.
The pH was adjusted using sodium hydroxide (NaOH) fed with a
chemical metering pump. An inline pH meter monitored by the
plant supervisory control and data acquisition (SCADA) system
controlled the rate of sodium hydroxide addition to maintain the
target pH.
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As illustrated in Figure 1, clarified water was pumped from the
Actiflo and SuperP units to both the CH2M HILL Pilot Trailer and
the pilot building. A small side stream (2 gallons per minute
[gpm]) of clarified water was directed to the CH2M HILL Pilot
Trailer to collect detailed filtration data using 4-inch
sand/anthracite pilot filters. A process stream of 30 gpm for both
Actiflo and SuperP was pumped to the pilot building for filtration
through the granular media pressure filters to produce water for
RO operation.

The SCADA system monitored filtration pH, turbidity, and flow
in order to protect the RO membranes from poor water quality
during operation. The pressure filter effluent turbidity was
continuously monitored using an inline turbidimeter. Once
turbidity reached a predetermined set point, the SCADA system
stopped the transfer pump and sodium hydroxide pump. The
SCADA system also monitored a flow switch located on the
suction line to the transfer pumps. When flow to the transfer
pump was interrupted, the SCADA system automatically stopped
the transfer pump and sodium hydroxide pump.

When pump shutdowns occurred, feed water to the RO
membranes was fed from the 3,000 gallon break tanks.
Subsequently, uninterrupted operation of the RO membranes was
possible.

Immersed Microfiltration

Zenon

With the Zenon ZeeWeed® (ZW) 500-C process, hollow fiber
ultrafiltration (UF) membranes, configured in a module, are
installed (immersed) in an unpressurized tank containing feed
water and a small vacuum is applied to the inside (lumen) of the
fibers. Under vacuum, the water flows through the fiber wall and
is collected as treated water (filtrate). Membrane filtration, using
UF or MF membranes, can be used in place of granular media
filtration for particulate removal. However, UF and MF
membranes are not capable of removing dissolved contaminants,
such as natural organic matter (NOM) or salts, such as chloride.

During the initial phase of testing, the coagulant was dosed
upstream of a flocculation chamber from which flow passed into
the membrane tank. To reduce cake buildup on the membrane
fibers, air was introduced at the bottom of the membrane feed
vessel to create turbulence in the tank effectively scrub solids from
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the membrane surface. In this application, the immersed UF unit
served for both clarification and filtration. During subsequent
phases, the ZW-500-C was evaluated following clarification.

As illustrated in Figure 1, the treated water from the Zenon pilot
unit was pumped to a 3,000 gallon break tank. Influent, effluent,
and concentrate flow were monitored using the pilot unit’s
SCADA system. The pH of the water was adjusted using sodium
hydroxide (NaOH) fed via a chemical metering pump. An inline
pH meter monitored by the ZW pilot unit SCADA controlled the
sodium hydroxide feed rate to maintain a coagulated water target
pH of 5.6-6.0. This pH was selected to provide good organics
coagulation while minimizing the level of dissolved iron in the
UF permeate.

REVERSE OSMOSIS MEMBRANE PILOT SYSTEM

The RO membrane pilot system consisted of eight single element
RO skids as well as a multi-element high recovery membrane
system. Figure 1 illustrates the flow from the break tanks to the
single element skids and the high recovery membrane system.
The single element units, illustrated in Figure 2, used 4-inch by
40-inch RO membrane elements3. Each single element skid had
pressure gauges and flow indicators for the influent, permeate,
concentrate, and recycle streams.

The high recovery system was configured in a 2-1 array. The first
stage contained four vessels, while the second stage had two
vessels. Each vessel contained three elements with a total of 18
elements for the entire high recovery system. The high recovery
system also contained three single pass low recovery vessels used
to simulate the lead vessel of the high recovery system.

Since the 3,000 gallon break tanks provided feed water to the RO
units during pretreatment interruptions or granular media filter
backwashes, the RO units could be operated continuously. Level
indicators in the break tanks were monitored by the plant SCADA
system.

As illustrated in Figure 1, the chemical feed pumps added
antiscalant to the membrane feed supplied from the break tanks.
The antiscalant was necessary to reduce the membrane feed water
scaling potential.

3 Membrane selection, conducted by UCF, is discussed later in this protocol.
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The booster pumps, illustrated in Figure 1, supplied the necessary
flow and pressure to the membrane high pressure pumps. To
protect the booster pumps, a level switch in the break tank
monitored the water level. If the break tank water level dropped
below a set level, the SCADA system stopped the booster pump
and antiscalant pump.

The pressure switch on the single element skid, illustrated in
Figure 2, monitored the feed stream pressure. When the booster
pump was not supplying adequate pressure to the membrane feed
pump, the SCADA system shut down the skid to prevent damage
to the membrane feed pump.

Pilot Plant Discharge

The pilot plant discharge, consisting of all process waters, was sent
to a manhole at the headworks of the Sanford Water Reclamation
Facility. A chemical metering pump supplied sodium hypochlorite
to maintain a chlorine residual of 0.5 mg/L as Cl, to the water.
Further, the flow rate was monitored via pitot tube flow meter.

During times of wet weather discharge, the Sanford Water
Reclamation Facility required CH2M HILL to stop operation.

MECHANICAL DESIGN

Based on the process design previously described, the mechanical
design, summarized below, provides appropriate equipment sizes
and equipment for use in the pilot facility. This section
summarizes the mechanical design of the pipes, pumps, break
tanks, and filters used in this pilot plant. Figure 3 provides the
pilot plant pipe sizes and maximum flows.

Raw Water Supply

The raw water withdrawal point was at "Manhole J" illustrated in
Figure 4, at the northeast corner of the Sanford Water
Reclamation Facility. The raw water pipe installed at grade was a
6-inch Schedule 40 PVC pipe. The raw water was supplied by a 4-
inch Gorman-Rupp 20-HP pump.

Process Water Transfer Pumps

As illustrated in Figure 1, transfer pumps between unit processes
were required. Both Actiflo and SuperP required transfer pumps
to provide pressure to filter the clarified water and subsequently
send the filtrate to the break tanks. The pumps selected were 1-
1/2 HP self-priming centrifugal pumps with a discharge pressure
of 40 to 50 pounds per square inch (psi).

Surface Water Treatability and Demineralization Study

28



Pilot Plant Design

The single element skids required a minimum suction pressure of
30 psi at a maximum design flow of 10 gpm. The 10 gpm flow
was required because one unit may supply four single element
skids, each with a 2.5 gpm maximum design flow. Therefore,
booster pumps were required after each break tank. The selected
booster pumps were 1/2 HP self-priming centrifugal pumps with
a discharge pressure of 30 to 40 psi.

Chemical Metering Pumps and Feed Locations

Various chemical metering pumps were required for chemical
addition throughout the process trains as illustrate in Figure 1.

Chloramines were necessary to prevent biological growth on the
membranes. Therefore, prior to pretreatment, chlorine and
ammonia were applied to chloraminate the water, prior to and/or
after clarification.

Chemical metering pumps for acid and coagulant addition were
provided by the pretreatment manufacturers. However, metering
pumps for pH adjustment after clarification were required for
both Actiflo and SuperP.

Table 2 describes the chemical metering pumps. Stock
concentrations are the commercially available chemical
concentrations. Chemical metering pumps for chlorine, ammonia,
and sodium hydroxide had a maximum dosing capacity of 0.42
gal/hr. The chemical application solutions were diluted using RO
permeate to achieve the desired feed concentration.

Table 2. Pilot Plant Chemical Feed System Design Summary

Stock Stock Desired Water Min Max Min. Chem. [ Max Chem.
. Concentration| SG Feed Conc. | Flow Dose Dose | Flow Rate* | Flow Rate*
Chemical
(%) (Ib/gal) (%) (gpm) | (mg/L) | (mg/L) (gal/hr) (gal/hr)
Chlorine 15% 10.2 7% 400 5 10 0.21 0.42
Ammonia 20% 1.9 13% 400 1.25 25 0.20 0.41
Sodium Hydroxide 50% 6.38 18% 32 30 60 0.21 0.42
Antiscalant 100% 10.3 1% 2.5 1.35 2.7 0.016 0.033

SG = Specific gravity at stock concentration

**Elow rate at desired feed concentration

Antiscalant, which prevents metal scaling/precipitation on the
membrane surface, was applied before the membrane units.
Antiscalant was dosed to each single element system. To supply
one single element skid, a maximum feed water flow of 2.5 gpm
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was required. The required flow rate for antiscalant at the feed
water flow and a 1:100 dilution was 0.016 gal/hr to 0.033 gal/hr.

Filters

Dual media filtration removed coagulated particles not removed
during clarification. This treatment step included pressure filters
following Actiflo and SuperP. This step was required before RO
membrane treatment. The media filters were sized to treat 30 gpm
each, with a 4 gpm/ft* design loading rate. The filter media
design was 42 inches of anthracite over 12 inches of sand.

Break Tanks

Break tanks were installed for pretreated water storage prior to
RO membrane treatment. The break tanks were sized to 3,000
gallons, allowing additional single element RO runtime during
pretreatment train downtime and granular media filter
backwashes. The single element skids had a 2.5 gpm maximum
design flow, with each break tank supplying two single element
RO units. With 3,000 gallons and both single element units
operating, 10 hours of additional membrane run time was
possible. The break tank feed flow was 30 gpm with single
elements using 5 to 10 gpm. The remaining 20 to 25 gpm was
discharged from the break tank via overflow, which allowed for
turnover of the break tank water as shown in Figure 1.

Piping
Using the flows from the process schematic in Figure 1, process
pipe diameters were determined based on a maximum flow

velocity of 4 feet per second (ft/s). Table 3 summarizes pipe
diameters based on these maximum flows.

Table 3. Pipe Design Diameter Based on Maximum Flow

Flow Pipe Diameter Velocity

(gpm) (in) (ft/s)
628 8 4.0
353 6 4.0
157 4" 4.0
39 2 4.0
22 1-1/2" 4.0
9.8 1" 4.0
55 3/4" 4.0
25 1/2" 4.0
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Drain Piping

Process drains were designed using a 1/8 inch drop per linear
foot slope. All drain laterals were 6-inch PVC pipes and
connected to an 8-inch manifold. At the given slope, the 6-inch
drains were able to convey 230 gpm of flow while the 8-inch
manifold was able to convey up to 500 gpm. The 8-inch manifold
discharged all of the pilot flow to the Sanford Water Reclamation
Facility manhole.

SITE PLAN AND BUILDING PLAN

The pilot site was located at the Sanford South Water Reclamation
Facility in Sanford, Florida. Figure 4 illustrates the overall pilot
site plan in relation to the City of Sanford facilities, with the pilot
site located on the south side of the treatment plant. The pilot
plant waste discharged into a manhole at the facility headworks.
The pilot plant discharge pipe was an 8-inch schedule 80 PVC
pipe. Flow was by gravity at a 1/8-inch per linear foot slope.

Figure 5 presents the pilot plant site plan and shows the locations
of manufacturer trailers, CH2M HILL Pilot Trailer, and pilot
building. The manufacturer trailers were located north of the pilot
building. The trailers supplied pressure filters inside the building
and the CH2M HILL Pilot Trailer, adjacent to the manufacturer
trailers.

The Zenon pilot unit was located inside the pilot building as well
as the RO membrane systems and breaktanks. Figure 6 illustrates
the building plan and pilot equipment layout.

Soil testing was conducted at the pilot site due to concerns of
break tank weights when full, pilot equipment weights, and soil
settling. The soil under the building was tested using eight cone
penetrometer tests as well as digging test pits. These tests
suggested that the soil under the pilot area was disturbed.
Therefore, the foundation of the building was excavated 12 to 18
inches, a high quality fill was added in 6-inch lifts, and the fill
was compacted to greater than 95 percent maximum proctor. The
building slab was designed with a double mat rebar cage under
the break tanks and in the footing, with a single mat rebar design
in the rest of the slab. The slab was poured with a 4,000 psi
concrete.
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Figure 1. Pilot Plant Process and Instrumentation Diagram
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Figure 2. Single Element RO Skid Detail
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Figure 3. Phase 1A Pilot Plant Pipe Sizes and Maximum Flows
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Preliminary Bench Scale Studies

PRELIMINARY BENCH SCALE STUDIES

Before pilot testing began, preliminary bench-scale work was
conducted to select appropriate coagulant and the RO membranes
used in this study. Coagulant jar testing was conducted to
determine the best coagulant for water coagulation/clarification
by evaluating four different types of coagulant. Membrane flat
sheet testing was conducted due to the multitude of desalting
membranes available on the market. Four membranes were
selected for pilot testing from a field of 20 membranes.

COAGULANT SCREENING AND SELECTION

UCF evaluated four coagulants at varying dose and pH levels for
use in this study. The goal of jar testing was to determine the
optimum coagulant for TOC and UV, removal at the optimum
dose and pH. The coagulants included ferric chloride (FeCl,),
ferric sulfate (Fe,(SO,),), aluminum sulfate or alum (Al,(SO,),), and
PAX-XL19, an aluminum chlorohydrate. The coagulant,
manufacturer, specific gravity, solution strength, and dosing
concentration for jar testing are provided in Table 4.

Table 4. Coagulant Physical Parameters

Solution Strength | Dosing Concentration
Coagulant Manufacturer Specific Gravity
(%) (meq/L)
Ferric Chloride Kemiron 0
(FeCly) North America 1474 43.2% FeCls 1 meg/mL Fe
Ferric Sulfate Kemiron
0
(Fex(SO.)s) North America 1.44 10.1% Fe 1 meg/mL Fe
Aluminum Sulfate Kemiron o
(AL(SO.)s) North America 1.33 8.27% Al,O3 1 meg/mL Al
Aluminum Chlorohydrate Kemiron
. . 23.5% Al,O
PAX-XL19 North America 1.34 0 s 1 meg/mL Al

The coagulation testing process follows:

e Determine the acid strength of the four coagulants

e Conduct jar testing on each coagulant to determine UV,,,
removal as a function of pH and dose

e Correlate UV,, and TOC
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e Retest UV,,, correlation for optimum UV,,, removal at selected

dose and pH

254

e Select recommended coagulant

The coagulants were evaluated for UV,,, TOCI, color, and
turbidity removal. Ferric chloride and ferric sulfate, widely used
for TOC removal in Florida, outperformed the aluminum
coagulants for removal of UV,,,, TOC, color, and turbidity. Both
iron coagulants achieved approximately 90 percent removal of
UV, at a dose of 1.5 to 2.5 meg/L and a pH of 4.5. For an
equivalent dosage, aluminum sulfate and aluminum
chlorohydrate were not as efficient in TOC and UV,,,.

Figure 7 illustrates the TOC removals at varying ferric sulfate
doses and pHs. The vertical axis is TOC concentration (mg/L)
and the horizontal axis is coagulant dose (meq/L). The data is
grouped by coagulation pH range.

As the figure suggests, a dose of 1.5 to 2.0 meq/L at a pH of 4.5 to
4.8 achieved the optimum removal of organics. This dose is
considered optimal since doses above 2 meq/L only achieve
minimal increases in TOC removal with a significant increase in
coagulant dose.

Figure 7. TOC Removal Results of Ferric Sulfate Jar Tests
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Ferric sulfate was chosen as the coagulant for this pilot study due
to its ability to remove TOC, as illustrated in Figure 7. Further,
this coagulant was selected due to its common use at most central
Florida surface water plants and the additional benefit of sludge
usage as a fertilizer.

Based on the jar tests, a ferric sulfate dosage of 120 to 150 mg/L
and coagulation pH of pH of 4.0 to 4.5 achieved the most efficient
removal of dissolved organics from the water. As a side note,
dosages during field testing were much higher due to higher raw
water TOC levels. The raw water TOC concentration for jar
testing was 18.74 mg/L, while average TOC levels during field
testing were approximately 25 mg/L, subsequently requiring
much higher dosages.

FLAT SHEET MEMBRANE SCREENING AND SELECTION

There are a variety of commercially-available NF and RO
membranes. Therefore, a selection and screening process was
conducted to select the appropriate membranes for this source
water. Testing was conducted by UCF on 25 different membrane
types, selected based on manufacturer provided data. The
membranes evaluated included RO as well as NF membranes. NF
membranes were tested to assess if there were any “tight enough”
to remove chloride and bromide ions. If a “tight” NF membrane
were identified, energy cost savings could be realized due to
lower NF membrane feed pressure requirements.

To produce water for the flat sheet tests, Lake Monroe water was
coagulated with ferric sulfate at the dose determined above and
filtered prior to application to the flat sheets. For the purposes of
this discussion, this water is referred to as CSF water. Membranes
were selected using the following criteria:

e Non-purgable dissolved organic carbon (NPDOC) removal
e Inorganics rejection
e Surface characterization

The membranes were accepted or rejected based on NPDOC
rejection. Membranes with permeate NPDOC levels greater than
0.5 mg/L were considered unacceptable and were subsequently
eliminated. Table 5 summarizes the results of membrane selection
based on NPDOC rejection. Based on this testing, 10 membrane
types were eliminated from consideration, while 10 were accepted
for further testing.
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Table 5. Membrane Flat Sheet NPDOC Rejection Summary

Feed NPDOC Permeate NPDOC NPDOC Acceptable
Membrane Type Category Concentration Concentration Rejection Removal
(mglL) (mglL) (%) (Yes/No)
AG TFC LPRO 481 0.42 91.3 Yes
TFC-SR1 TFC NF 4.69 0.79 83.1 No
TFC-SR2 TFC NF 5.93 0.96 83.8 No
TFC-S TFC NF 3.99 0.59 85.1 No
DL TFC NF 5.63 0.65 88.4 No
[EsPa2 TFC LPRO 6.00 0.75 87.4 No
[Esna1 TFC NF 5.78 0.36 93.8 Yes
[NFoo TFC NF 5.82 0.52 91.0 No
INF270 TFC NF 5.88 0.65 88.9 No
([HL TFC NF 5.99 0.86 85.6 No
BW30FR TFC LPRO 6.96 0.26 96.2 Yes
X-20 TFC LPRO 6.73 0.19 97.2 Yes
LFC-1 TFC LPRO 5.84 0.19 96.8 Yes
SG TFC LPRO 5.09 0.21 95.9 Yes
cD CA RO 5.17 1.05 79.7 No
TS80 TFC NF 5.32 0.58 89.2 No
DK TFC NF 5.25 0.06 98.9 Yes
[BE-FR TFC NF 6.64 0.14 97.9 Yes
[BL-FR TFC LPRO 6.81 0.17 975 Yes
[ce CA LPRO 7.01 0.46 93.4 Yes

TFC = Thin Film Composite; CA = Cellulose Acetate; LPRO = Low Pressure Reverse Osmosis; NF = Nanofilter; RO =
Reverse Osmosis

Membrane inorganic compound removal was evaluated based on
TDS, Ca, Mg, Na, CI, Br, and SO, rejection from CSF treated St.
Johns River. Table 6 summarizes the results of flat sheet testing
for inorganic removals. Criteria for acceptance follow:

(1) 90 percent or higher rejections of TDS, Ca, Mg, Na, CI, Br, and
SO, at low recovery (i.e., flat-sheet experiments)

(2) 70 percent or higher rejections projected at 85 percent recovery
and 15 gallons per square foot per day (gsfd).

Membranes with unacceptable performance are shaded gray. The
feed water used in projections contains 1,400 mg/L TDS, 100 mg/L
Ca, 40 mg/L Mg, 300 mg/L Na, 550 mg/L CI, 3 mg/L Br, and 450
mg/L SO,. Note that projected TDS removal for the BW30FR
membrane was 69.3 percent at 85 percent recovery and 15 gsfd;
however, this was very close to the acceptance criteria of 70 percent
and was, therefore, included in the remaining evaluations.
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Table 6. Membrane Flat Sheet Inorganic Rejection Summary
TDS Ca Mg Na SO4 Cl Br Acceptable
Me_rrnyt:)r:ne R R, R Ry Ry R, Ry Ry Ry R, Ry R, Ry R, Perfomance
©) | @) | @) | ) [ @) | @) | ) | ) [ %) | &) | ) | %) | (%) | (6) [ (Yes/No)
AG 939 709|920 | 646 | 945 | 73.3| 89.0 56.2 | 959 | 78.7 | 89.6 | 57.8 | 91.3 | 62.6 No
ESNA1 809 30.7 | 869|409 | 885|447 731|221 96.7]| 755 | 70.6 | 20.1 | 56.6 | 12.0 No
BW30FR 9411693 976|854 | 974842950 728 985] 904|948 71.9] 96.8| 810 Yes
X20 93.6 | 77.2 1100.0|100.0| 99.5| 97.7 | 97.4 | 89.7 1 99.8 | 99.0 | 98.4 | 93.2 | 97.8 | 91.2 Yes
LFC-1 97.5| 85.4 1100.0|100.0| 99.7 | 98.2 | 96.2 | 79.2 | 100.0]|100.0| 97.2 | 84.2 | 97.7 | 86.6 Yes
SG 98.1]1924 1979|916 99.1| 96.1|949| 809 99.4]| 974|950 81.3| 95.6 | 83.4 Yes
DK 66.4| 206 [ 942 | 68.2 | 96.4| 78.0| 399 | 8.0 | 99.6 | 969 | 46.1| 10.1 | 394 | 7.9 No
"BE—FR 96.4 | 84.2 (100.0|/100.0| 99.7 | 98.6 | 98.6 | 93.2 | 99.8 | 99.2 | 99.2 | 96.2 | 100.0{ 100.0 Yes
BL-FR 848 450999993993 955975850994 96.2| 982 88.8| 985 90.6 No
CG 7791509]93.2|803|931|800|679]|384]99.0]| 96.8| 70.5| 41.4| 55.2 | 26.7 No

Rf = Flat sheet experiment rejection data

Rp = Projected rejections at 85% recovery and 15 gsfd based on linear solution diffusion model.

Fouling potential was not directly determined in flat sheet
experiments, but rather based on surface properties. Generally,
the rate and extent of membrane fouling are greatly affected by
membrane surface properties such as roughness, charge, and
hydrophobicity; membranes with low surface roughness, neutral
charge, and less hydrophobicity are expected to be ideal for high
organic surface water treatment.

Although the relative importance of these surface properties are
not fully understood and varies with source waters, for this study
they were equally weighted and ranked based on the following
criteria:

(1) Roughness: Relative to other flat sheets, lower is better
Score = RMS/10

(2) Charge: Relative to other flat sheets, the least negative charge
is better

Score =-ZP atpH =8
(3) Hydrophobicity: Relative to other flat sheets, lower is better
Score = Contact Angle/10

As Table 7 suggests, the BW30FR, LFC1, and SG membranes have
surface characteristics desirable for high fouling surface water
treatment (total scores of 17, 17.4, and 15, respectively), and were
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recommended for single element evaluation. The X-20 membrane
was also included in the final list since it may perform well if the
feed water primarily contains negatively charged foulants. The
BE-FR membrane was not selected because of the lack of
experience with this, or any of Saehan’s products for drinking
water in the U.S., although it showed good performance.

Table 7. Membrane Surface Characterization Summary

RMS Zeta Potential at Contact Acceptable .Su.rface
Membrane Score pH8.0 Score Angle Score ;-c?;?(le Characteristics
(nm) (mV) @) (Yes/No)
BW30FR 65.0 6.50 -6.1 6.1 43.8 4.38 17.0 Y
X-20 41.6 4.16 -15.1 15.1 52.3 5.23 24,5 NorY
LFC1 67.4 6.74 -5.5 55 51.8 5.18 174 Y
SG 131 131 -7.6 7.6 60.9 6.09 15.0 Y
BE-FR 108.6 10.86 -7.3 7.3 58.4 5.84 24.0 NorY

Recommended Membranes for Pilot Testing

Filmtec BW30FR

This membrane is specifically designed to resist bio-film
formation, one of the causes of membrane fouling during surface
water treatment. The manufacturer claimed that this membrane
exhibits significantly less productivity loss and better cleanability
than typical thin-film composite polyamide membranes. The
surface analysis revealed that the BW30FR had a relatively neutral
and hydrophilic surface with medium surface roughness.

TriSep X-20

This is a thin-film composite membrane featuring polyamide
urea, specifically designed for high fouling feed waters. The
manufacturer reported that the surface charge of the X-20
membrane minimizes fouling by organic substances. The charge
measurement by SPA suggested a highly negatively charged
surface. Thus, this membrane is expected to perform well with
feed waters containing negatively charged organics and colloids.
However, in general, a wide spectrum of foulants with varying
degrees of surface charge exist in typical source waters. As a
result, it is also possible that this membrane may suffer severe
fouling, particularly through the interactions with positively
charged organics.
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Hydranautics LFC1: This is a low fouling composite membrane
specifically designed for high fouling feed waters. According to
the manufacturer, the LFC1 features neutral surface charge and
hydrophilicity which significantly minimize membrane fouling.
The surface analysis data suggested low negative charge and
medium hydrophobicity. The surface roughness of this membrane
was also estimated to be medium to high.

Osmonics SG: The SG is a thin-film composite brackish water
demineralization membrane. The manufacturer claimed that the
SG membrane has a smooth surface which makes it quite resistant
to fouling. The AFM data suggested much smaller surface peaks
compared to the other fouling resistant membranes. However,
the contact angle measurements suggested this membrane was
more hydrophobic than the others while it carried a low to
medium surface charge.

Saehan BE-FR: This membrane is a newly developed fouling
resistant membrane by a Korean manufacturer. Similar to the
LFC1, neutral surface charge and enhanced hydrophilicity by new
coating techniques improve fouling resistance of this membrane.
The surface analysis suggested low to medium surface charge and
hydrophobicity. However, its surface was much rougher than the
other membranes.

Based on the results of flat sheet testing, the following four
membranes were selected for field pilot evaluation:

e Filmtec BW30FR

e TriSep X-20

e Hydranautics LFC1
e Osmonics SG
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RAW WATER QUALITY

This section documents the Lake Monroe raw water quality during
this study. Raw water quality in large part determines the
necessary treatment requirements to process water into drinking
water and to meet drinking water goals and regulations. Raw
water quality characterization is the initial step in the selection,
evaluation, and design of water treatment facilities.

In order to quantify the different treatment requirements, raw
water characteristics and quality must be identified. For example,
NOM in the raw water will generally control the coagulant
dosage required to successfully treat the water. Also, TDS will
generally control the level of demineralization required and the
percent of water that must be processed by RO membranes.

During this study, the USGS collected grab samples biweekly and
analyzed them for various general, organic, inorganic, and
nutrient analytes. Further, grab samples were collected daily
during pilot testing and analyzed for easily measured field
parameters such as pH, turbidity, color, and alkalinity. USGS data
was collected from January 2000 to August 2002, while pilot
testing grab samples were collected from August 2001 to April
2003 and only when pilot testing was being conducted.

Raw Water Characterization

The USGS conducted biweekly sampling at four points along this
reach of the river. The USGS began sampling in January 2000 and
continued until August 2002 (a total of 31 months). This water
guality characterization defines the expected range of raw water
guality parameters and correlates lab measured organic and
inorganic parameters to simple field measurements.

This section is divided into four subsections — general water
guality parameters, organic parameters, inorganic parameters, and
nutrients. The general water quality section summarizes
commonly monitored parameters such as temperature and pH.
Organic parameters include organic carbon concentration, as well
as organic carbon surrogates, including color and UV,,,. Inorganic
parameters include hardness, metals, silica, and sulfur-derived
compounds such as sulfate and sulfide. The nutrients section
contains information on parameters that primarily support
biological activity (e.g., nitrogen, phosphorus, dissolved oxygen).

In each subsection, the averages, maximum levels, minimum
levels, and standard deviations for all monitored parameters are
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summarized. The coefficient of variance, which illustrates the
variability of the parameters, is also summarized.

During the first 18 months of sampling, east central Florida was in
a severe drought. This drought was correlated to higher than
average inorganic levels and lower than average organic levels.
August 2001 was the start of the characteristic rainy season in east
central Florida. This rainy season correlated to a sharp decrease in
inorganic parameters and a sharp increase in organic parameters.

General Water Quality Parameters

Table 8 summarizes the results of the general raw water quality
parameters during the monitoring period.

The temperature ranged widely from 10.1 degrees Celsius (°C) to
32.3°C with an average of 25.0°C. The pH ranged from 8.9 to 6.8
with an average of 7.5. Alkalinity ranged from 38 mg/L as CaCO,
to 108 mg/L as CaCO,. The average alkalinity was 68 mg/L as
CaCO,. These levels suggest that the temperature, pH, and
alkalinity for the St. Johns River are considered normal compared
to other central Florida surface waters.

As indicated in Table 8, the conductivity ranged from 41 Siemens
per meter (S/m) to 235 S/m with an average of 124 S/m. Total
dissolved solids ranged from a minimum of 278 mg/L to a
maximum of 1400 mg/L. The average TDS was 753 mg/L. The
standard deviation for conductivity was 49 S/m compared to a
standard deviation of 281 mg/L for TDS. However, in order to
make a side by side comparison of variability for these parameters,
the standard deviations must be “normalized” with respect to the
average. The coefficient of variance, calculated by dividing the
standard deviation by the average, is a normalized standard
deviation which allows this comparison. The coefficient of
variance for conductivity was 0.39 compared to a coefficient of
variance for TDS of 0.37, suggesting that the variability of these
two parameters is similar. This is expected in that conductivity and
TDS both quantify ionic concentrations in the water.

The average turbidity was 5.5 nephelometric turbidity units
(NTU) and ranged from 0.9 NTU to 45.0 NTU. The total
suspended solids (TSS) ranged from 1 mg/L to 140 mg/L with an
average of 19 mg/L. The coefficient of variance for turbidity and
TSS was 1.19 and 1.30, respectively. This suggests that the
variability of these two parameters is also similar. Again, this
similarity is consistent with expectations as turbidity is a
surrogate measure for particles (suspended solids) in the water.
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The high level of TSS and turbidity that occurs during part of the
year suggests that some form of particle removal is necessary to
treat the water to both drinking water standards and to RO feed
water guidelines. Particle removal is required either in the form
of coagulation/flocculation/sedimentation followed by media
filtration or MF/UF.

Table 8. Summary of General Raw Water Quality Parameters on the St. Johns

River at Sanford

Parameter Units Average Max Min Sg?;?;i COS:;EES; of
Temperature °c) 25.0 323 10.1 55 0.22
pH 7.5 8.9 6.8 0.4 0.05
Alkalinity (mg/L as CaCOg) 68 108 38 17 0.24
Conductivity (S/m) 124 235 41 49 0.39
Total Dissolved Solids (mgl/L) 753 1400 278 281 0.37
Turbidity (NTU) 55 45.0 0.9 6.6 1.19
Total Suspended Solids (mgl/L) 19 140 1 24 1.30

Figure 8 shows the sampling period trend for temperature.
Generally, the maximum temperature occurred between June and
July and the minimum temperature occurred in January.

Figure 8. Historical Temperature for the St. Johns River at Sanford
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Figure 9 presents the sampling period trend for pH and alkalinity.
The data suggest a positive correlation between alkalinity and pH
in that both tend to increase and decrease at similar times.
However, pH changes are more pronounced than those for
alkalinity. As might be expected, linear regression analysis of the
data indicated a poor correlation between the two parameters.
Generally, maximum alkalinities occurred from May to June while
minimum alkalinities occurred from September to October. Also,
peaks in alkalinity correspond with high TDS. However, as with
alkalinity and pH, a linear regression between alkalinity and TDS
suggested a poor correlation.

Figure 9. Historical pH and Alkalinity for the St. Johns River at Sanford
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Figure 10 illustrates temporal trends for TDS and conductivity.
This figure shows a pronounced increase in conductivity and TDS
from January 2000 to August 2001 during the drought period on
the St. Johns River. However, once the typical wet weather
season began in August 2001, the conductivity decreased to
normal wet weather levels. As discussed previously Figure 10
indicates a very strong correlation between TDS and conductivity
for the sampling period. This is particularly true when
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considering how well these parameters correlated during the

seasonal change in water quality shown in Figure 10.

The greater difference between the two parameters at higher
levels suggests that the level of lower conductance salts
(monovalent ions) increases disproportionately when TDS levels

are highest.

Figure 10. Historical Total Dissolved Solids and Conductivity for the St.

Johns River at Sanford

1600 4

‘ ——TDS —=— Conductivity \

4

1400

4

1200

f {

o

TDS (mg/L)

600 -

400

800 -

200 -

0 T T T

-

Jan-00 Apr-00 Jul-00 Oct-00 Jan-01 Apr-01 Jul-01 Oct-01 Jan-02 Apr-02 Jul-02 Oct-02

Sampling Date

The strong correlation between TDS and conductivity was
mathematically confirmed by linear regression and is illustrated

in Figure 11 and Equation 1.
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Equation 1. Estimation of TDS (mg/L) based on Conductivity (S/m)

TDS = 5.75* Conductivity + 41.6

The R2 value of 0.99 confirms the nearly perfect correlation

between these two parameters and suggests that conductivity

could be used as a very accurate predictor of TDS.
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Figure 11. Approximate Total Dissolved Solids/Conductivity Relationship
for the St. Johns River at Sanford
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The data presented in Figure 12 shows the temporal trend of, and
relation between, TSS and turbidity at Lake Monroe. Maximum
turbidity and TSS occurred during August corresponding to the
start of the wet season. Generally, there was a consistent
correlation between TSS and turbidity during the sampling
period.

This correlation was confirmed by linear regression illustrated in
Figure 13 and Equation 2.

Equation 2. Estimation of TSS (mg/L) based on Turbidity (NTU)

TSS = 3.38* Turbidity + 0.045

Although the correlation between these parameters is not as
strong as between TDS and conductivity, it does indicate that TSS
levels can be well predicted by turbidity.

250
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Figure 12. Historical Total Suspended Solids and Turbidity for the St. Johns
River at Sanford
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Figure 13. Approximate Total Suspended Solids/Turbidity Relationship for
the St. Johns River at Sanford
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Organic Parameters

Table 9 summarizes the results of organic parameter monitoring
at Lake Monroe. Average dissolved organic carbon (DOC)
concentration during the sampling period was 20 mg/L with a
range from 4 mg/L to 33 mg/L. True color ranged from 10 Pt-Co
to 320 Pt-Co with an average of 119 Pt-Co. Average UV,,,
absorbance was 0.81 abs/cm and ranged from 0.15 abs/cm to 1.69
abs/cm.

These data illustrate the large variations in organic levels that
occur throughout the year. These characteristics required that
enhanced coagulation be practiced to achieve substantial DOC
and color reductions in order to meet finished water DBP and
color regulations.

Table 9. Summary of Organic Raw Water Quality Parameters on the St. Johns
River at Sanford

Parameter Units Average Max Min S:j/ri]:t?cr)i CO&::&EQ; of
DOC (mg/L) 20 33 4 7 0.34
llcotor (Pt-Co) 119 320 10 84 0.71
luvasa (abs/cm) 081 | 169 [ 015 0.38 0.47

Temporal DOC and true color trends for Lake Monroe are
presented in Figure 14. The DOC and color increased in July and
August, the beginning of the wet season due to a flush of
terrestrial organic matter into the St. Johns River. These increases
were particularly high in August 2001 at the end of the drought
and beginning of the rainy season. As data in Figure 14 suggests,
DOC and true color appear to correlate for the sampling period.

This correlation was confirmed by linear regression illustrated in
Figure 15 and Equation 3.

Equation 3. Estimation of DOC (mg/L) based on True Color (Pt-Co)

DOC = 0.0665* TrueColor +11.9

Although there is a correlation between these parameters, the R’
factor is only 0.69, likely due to the low precision of the color
readings exemplified by the grouping of the color data.
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Figure 14. Historical Dissolved Organic Carbon and True Color for the

St. Johns River at Sanford
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Temporal trends for DOC and UV,,, for Lake Monroe are shown
in Figure 16. As with color and DOC, UV,,, increases in July and
August, the beginning of the wet season based upon a flush of
terrestrial organic matter into the St. Johns River. These increases
were particularly high in August 2001 at the end of the drought
and beginning of the rainy season. As Figure 16 suggests, DOC
and UV,,, appear to correlate for the sampling period.

Figure 16. Historical Dissolved Organic Carbon and UV, for the St. Johns
River at Sanford
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This correlation was confirmed by linear regression illustrated in
Figure 17 and Equation 4.

Equation 4. Estimation of DOC (mg/L) based on UV, (abs/cm)
DOC =155*UV,,, +7.42

The R* for the DOC/UV,,, correlation was 0.84, while the R* for
the DOC/true color correlation previously discussed was 0.69,
suggesting the DOC/UV,,, correlation is more appropriate for the
St. Johns River at Lake Monroe. This weaker correlation between
DOC and true color again reflects the lower color measurement
precision compared to UV,,, measurement precision.
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Figure 17. Approximate Dissolved Organic Carbon/UV,,, Relationship for the
St. Johns River at Sanford
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Inorganic Parameters

Table 10 summarizes the results of inorganic parameter monitoring in
Lake Monroe. Several of the parameters—total barium, total calcium,
total magnesium, and total strontium—were only sampled until
August 12, 2001 and, therefore, only include a few samples taken after
the end of the drought.

As Table 10 shows, total bromide levels ranged from 0.4 mg/L to 2.0
mg/L with an average of 1.0 mg/L. These bromide levels suggest
that effective ozonation may not be possible without exceeding the
regulatory bromate level of 10 micrograms per liter (ug/L).

Average total hardness was 230 mg/L as CaCO, and ranged from
390 mg/L as CaCO, to 89 mg/L as CaCO,. These levels of
hardness suggest that softening would be necessary. This could
be done through the use of RO membranes.

Linear regression analyses were performed to develop
relationships between the conductivity and the parameters listed
in Table 10. Conductivity is a simple, inexpensive field analysis,
and could be used to estimate the raw water quality.
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Table 10. Summary of Inorganic Raw Water Quality Parameters on the
St. Johns River at Sanford

Parameter Units Average | Max Min g:;\‘/ri]:t?c:i CO\?grii(;::; of Number
Barium (Dissolved) (ng/L) 29 45 16 8 0.28 72
[Barium (Totan)* (agiL) 33 51 | 18 9 0.27 46
Bromide (Dissolved)** (mg/L) 1.0 2.0 0.4 0.4 0.38 66
Calcium (Dissolved) (mg/L) 53 89 24 17 0.32 72
Calcium (Total)* (mg/L) 61 87 31 14 0.23 45
Chloride (Dissolved) (mg/L) 285 560 81 122 0.43 72
Hardness (Total) (mg/L as CaCOs) 230 390 89 76 0.33 65
[iron (Dissolved) (ug/L) 140 | 518 | 3 158 113 72
[iron (Total) (ug/L) 306 | 1400 [ 55 257 0.84 72
[Magnesium (Dissolved) (mg/L) 223 | 400 | 6.9 8.4 0.38 65
[Magnesium (Totaly- (mg/L) 27 39 | 14 6 0.23 39
Potassium (Dissolved) (mg/L) 7.1 12.0 3.8 2.2 0.31 61
Silica (Dissolved) (mg/L) 5.0 12.0 0.1 3.1 0.62 72
Sodium (Dissolved) (mg/L) 158 300 44 71 0.45 60
Strontium (Dissolved) (ng/L) 1300 2400 | 550 479 0.37 72
Strontium (Total)* (ng/L) 1495 | 2300 | 690 444 0.30 45
Sulfate (Dissolved) (mg/L) 90 200 8 51 0.56 72
Sulfide (Total) (mg/L as S) 1 3 <1 1 0.39 49

nly sampled until August 12, one year less than other listed parameters
* Only sampled until August 12, 2001 year less than other listed p

** Several suspect bromide data points were omitted

Table 11 summarizes the linear regression results for each of the

listed parameters. Table 11 also presents the regression

coefficients for the analyses. Regression coefficients less than 0.8

are shaded dark gray and suggest a poor correlation exists
between conductivity and the parameter, while coefficients
between 0.80 and 0.90 are shaded a lighter gray and suggest

guestionable correlation. Parameters that are not shaded have a

a

coefficient above 0.90 and suggest a good correlation between

conductivity and the parameter.

As Table 11 suggests, dissolved chloride, dissolved magnesium, and
dissolved sodium all had regression coefficients of 0.99 suggesting a
good correlation for estimating these parameters based on
conductivity. Dissolved calcium, total hardness, total magnesium,
total and dissolved strontium, and sulfate had regression coefficients
higher than 0.90 suggesting a good correlation with conductivity.
Total barium, dissolved barium, bromide, total calcium, and
potassium had regression coefficients between 0.8 and 0.9 suggesting
a questionable correlation. Silica, dissolved iron, and total iron had
regression coefficients less than 0.8 suggesting poor or no linear
correlation exists between these parameters and conductivity.
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Table 11. Summary of Linear Regression Analyses for Estimating Raw
Water Inorganic Parameters Based on Raw Water Conductivity on the
St. Johns River at Sanford

Parameter Units Equation* R?
Barium (Dissolved) (ua/L) 0.16*Conductivity + 9.3 0.87
[Barium (Total) (holL) 0.20*Conductivity + 4.7 0.88
Bromide (Dissolved)** (mg/L) 0.0071*Conductivity + 0.16 0.82
Calcium (Dissolved) (mg/L) 0.33*Conductivity + 12 0.91
Calcium (Total) (mg/L) 0.30*Conductivity + 17 0.81
Chloride (Dissolved) (mg/L) 2.5*Conductivity - 23 0.99
Hardness (Total) (mg/L as CaCOy) 1.5*Conductivity + 35

Magnesium (Dissolved) (mg/L) 0.17*Conductivity + 0.27
"Magnesium (Total) (mg/L) 0.17*Conductivity + 1.6 0.96
Potassium (Dissolved) (mg/L) 0.040*Conductivity + 2.0 0.89
Sodium (Dissolved) (mg/L) 1.4*Conductivity - 17 0.99
Strontium (Dissolved) (na/L) 9.5*Conductivity + 122 0.94
Strontium (Total) (ug/L) 10*Conductivity + 24 0.90
Sulfate (Dissolved) (mg/L) 1.0*Conductivity - 35 0.94
Sulfide (Total) (mg/L as S) NA*** NA

* Conductivity is in S/m
** Several suspect bromide data points were ommitted

*** 49% of total sulfide results were below detection limits

Nutrients

Table 12 summarizes results of nutrient level monitoring for Lake
Monroe water, including ammonia, chlorophyll a, nitrate and
nitrite, orthophosphate and phosphate, and dissolved oxygen.

As Table 12 illustrates, total ammonia levels ranged between 0.81
mg/L as N to < 0.01 mg/L as N (BDL) with an average
concentration of 0.09 mg/L as N. Chlorophyll a ranged from 120.0
ug/L to < 0.1 ug/ZL with an average of 28.2 ug/L. Dissolved
oxygen ranged from a minimum of 1.7 mg/L to a maximum of 13.8
mg/L with an average of 7.4 mg/L. Average total phosphorus
was 0.09 and ranged from < 0.03 mg/L to 0.38 mg/L. These levels
suggest sufficient inorganic nutrients exist to promote biological
activity and membrane biofouling, with ammonia serving as the
limiting of the two nutrients. However, when chloramination is
practiced, the ammonia and free chlorine would react and be
biologically unavailable.
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Table 12. Summary of Nutrient Raw Water Quality Parameters on the
St. Johns River at Sanford

Parameter Units Average Max Min gg?:t?g: CO\?:JSEZL of
Ammonia (Dissolved) (mg/L as N) 0.05 0.33 <0.01 0.07 1.27
Ammonia (Total) (mg/L as N) 0.09 0.81 <0.01 0.12 1.30
Ammonia plus Organic (Total) |(mg/L as N) 1.7 25 11 0.3 0.20
Chlorophyll a (ug/L) (ng/L) 28.2 120.0 <0.1 27.9 0.99
[INitrite (Dissolved) (mg/L as N) 0.02 020 | <001 0.03 1.60
[Iitrite (Tota) (mg/L as N) 0.02 021 | <001 0.04 2.11
||N02' + NOjs (Dissolved) (mg/L as N) 0.08 0.28 <0.02 0.08 0.99
INo, + NOs (Total) (mg/L as N) 0.07 028 | <002 0.09 1.23
lorthophosphate (Dissolved) ~ [(mgiL as P) 0.03 021 | <001 0.05 1.59
Orthophosphate (Total) (mg/L as P) 0.04 0.22 <0.01 0.05 1.18
Oxygen (Dissolved) (mgl/L) 7.4 13.8 1.7 2.5 0.34
Phosphorus (Total) (mgl/L) 0.09 0.38 <0.03 0.06 0.67

Raw Water Pilot Data Summary

Raw water samples were collected daily at the pilot plant site to

provide additional characterization of the raw water quality

during the study period (August 2001 to April 2003). Raw water
samples taken at the pilot site were only taken when testing was

being conducted.

Table 13 summarizes the average, maximum, and minimum levels
for temperature, pH, alkalinity, turbidity, conductivity, apparent

color, and UV, for the duration of field testing. Table 13 also

254

presents the standard deviation and coefficient of variance for each

parameter to illustrate the water quality variability.

Table 13. Summary of Raw Water Field Analysis on the St. Johns River at
Sanford

Parameter Units Average Max Min Sgi?gt?;?‘ CO\?:rigﬁgg of
Temperature (°c) 24.3 317 10.4 5.1 0.21
pH 7.1 8.7 5.8 0.3 0.05
Alkalinity (mg/L as CaCO,) 59 115 19 14 0.24
Turbidity (NTU) 4.88 58.60 0.82 2.05 0.42
Conductivity (S/m) 78.5 185.9 31.3 38.3 0.49
Apparent Color (Pt-Co) 284 > 520 115 91 0.32
UVys4 (abs/cm) 1.006 1.715 0.205 0.347 0.35
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Figure 18 illustrates the field testing grab sample data collected
during pilot testing. As the figure suggests, minimum
temperatures occurred during February 2002 and January 2003.
As Table 13 suggests, the average temperature during field testing
was 24.3°C with a maximum of 31.7°C and a minimum of 10.4°C.
This wide swing (>20°C) has implications for RO system design
and operation as both the feed pressure and salt rejection of the
RO membranes are affected by temperature.

Figure 18. Raw Water Temperature Daily Grab Sample Data
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As shown in Table 13, during field testing, the average pH was
7.1 with a maximum of 8.7 and a minimum of 5.8. The alkalinity
ranged from 115 mg/L as CaCO, to 19 mg/L as CaCO, with an
average of 59 mg/L as a CaCO,. Figure 19 illustrates the field
testing alkalinity and pH. As the figure suggests, alkalinity was
lowest during January 2003.

Figure 20 illustrates the raw water turbidity during field testing
from August 29, 2001 to April 4, 2003. As Table 13 suggests, the
average raw water turbidity was 4.88 NTU with a maximum
turbidity of 58.6 NTU, occurring during a heavy rain event.
Generally, during testing, most raw water turbidity readings were
below 10 NTU.
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Figure 19. Raw Water Alkalinity and pH Daily Grab Sample Data
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Figure 20. Raw Water Turbidity Daily Grab Sample Data
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Conductivity, a surrogate for TDS (and other inorganic
parameters illustrated in Table 11), was monitored throughout the
study. Figure 21 summarizes the raw water conductivity data
collected during pilot field analysis. As Table 13 suggests, the
average conductivity for the duration of the study 78.5 S/m and
ranged from 185.9 S/m to 31.3 S/m. Based on Equation 1, these
conductivity values suggest an average raw water TDS of 479
mg/L, maximum of 1077 mg/L and minimum of 216 mg/L.

Figure 21. Raw Water Conductivity Daily Grab Sample Data
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Figure 22 summarizes apparent color and UV,,,, monitored as
surrogates for natural organic levels or DOC. As Table 13
suggests, the average raw water apparent color was 284 Pt-Co
during the study with a maximum of greater than 520 Pt-Co
which occurred several times due to rain events. The minimum
color was 115 Pt-Co.

Average UV,,, absorbance levels during field testing were 1.006
abs/cm with a maximum of 1.715 abs/cm and a minimum of
0.205 abs/cm.
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Figure 22. Raw Water Apparent Color Daily Grab Sample Data
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PILOT TESTING

After completing the pilot design and construction in August
2001, the pilot testing program began. The pilot testing program
was conducted over a 19 month period, beginning in September
2001 and continuing through April 2003. During pilot testing, a
number of treatment combinations—pretreatment systems
followed by RO membranes—were tested.

As discussed previously, water from the St. Johns River is
seasonally brackish with TDS levels that can exceed 1,200 mg/L.
Therefore, desalting with RO membranes is required to achieve
potable water standards. However, for the RO membranes to
perform properly, the high levels of raw water organics and
particles must be removed prior to membrane treatment.

The pretreatment alternatives tested in this study were selected
by the project stakeholders. The three pretreatments selected
included high-rate clarification with dual media filtration, Actiflo
and SuperP, and membrane ultrafiltration.

The different pretreatment system configurations included the
following:

e Actiflo ballasted sand clarifier followed by dual media filtration
e SuperP blanket clarifier followed by dual media filtration

e Zenon ultrafilter operating in direct filtration mode
(coagulation in tank)

e Zenon ultrafilter operating as a filter after clarification
(following Actiflo)

e Memcor microfilter operating as a filter after clarification
(following Actiflo)

Each pretreatment alternative used ferric sulfate for coagulation
of turbidity and NOM.

Pretreatment testing with these technologies was conducted
throughout the entire pilot testing program. The testing was
divided into these phases: Phase 1A, 1B, 2A, 2B, and 3. The
pretreatment systems were evaluated based on their ability to
remove organics, turbidity, and pathogens. In addition, the
pretreatment systems were evaluated based on process stability
and operability.
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It is important to note that in each phase, these pretreatments
provided treated water to RO membranes for desalting.
Therefore, these pretreatments were also evaluated on their
ability to provide a suitable feed water to the RO desalting
membranes. The pretreatments were evaluated based on changes
in RO performance parameters, including normalized product
flow (NPF), differential pressure coefficient (DPC) and
normalized salt passage (NSP).4

The NPF, DPC, and NSP were also used to evaluate the suitability
of the membranes in desalting this pretreated surface water. The
RO membrane evaluation was conducted using single element,
low recovery, and high recovery testing systems. The single
element RO units were tested to evaluate different membrane
operating conditions. The high recovery membrane unit was used
as a final step in testing to gather membrane system design data.

The RO membranes tested included the following:

e Osmonics SG Brackish Water Membrane

e Hydranautics Low Fouling Composite (LFC1) Membrane
e TriSep X-20 Membrane

e Filmtec BW30FR Membrane

e Filmtec BW30LE Membrane®

The first four of the above membranes were selected from flat
sheet testing conducted by UCF. The fifth membrane was a
conventional, low energy, non-fouling resistant membrane. This
membrane was tested to determine if such a membrane type
could be cost effectively operated on the pretreated Lake Monroe
water.

The membrane systems were operated to evaluate recovery, flux,
cleaning types and frequencies, as well as characterize the
permeate and concentrate water qualities. Due to the high
organic levels in this water, different biofouling control methods
had to be assessed. Biological fouling control was evaluated using
chloramines as well as a bioinhibitor, BioGuard. BioGuard is the
only National Sanitation Foundation (NSF)-approved product

4 Each of these parameters will be defined in a subsequent section of the report.

5 The BW30LE membrane is a conventional (non-fouling resistant membrane) having lower cost and energy
consumption compared to the other fouling resistant membranes. This membrane was not selected during the Flat
Sheet Membrane Screening and Selection previously discussed. Testing was performed on this membrane to
determine if such a membrane type could be cost effectively operated on the pretreated Lake Monroe water.
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currently available for use with drinking water systems to inhibit
RO membrane biofouling.

The following sections present the pilot data collected during this
study. The first section reviews the pilot timeline and phases and
summarizes the pilot process and combinations used in these
testing phases. The next two sections review and summarize the
pretreatment and RO membrane results, respectively.

PILOT TESTING TIMELINE

The pilot testing program began in September 2001 and was
completed in April 2003. The program consisted of pretreatment
evaluation, single element RO membrane evaluation, and high
recovery RO membrane evaluation.

Pilot testing was separated into five phases each with specific
goals, purposes, and testing plans.

Phase 1A

Phase 1A testing began in August 2001 and ended in December
2001. This phase, the initial pretreatment evaluation, tested three
technologies to assess:

e the effectiveness of each technology to provide potable water
after filtration (i.e., if membranes were not used when the
source water is fresh, not brackish); and

o the effectiveness of each technology to sufficiently pretreat the
water for further treatment by RO for dissolved organics and
salt removal (i.e., when the source water is brackish).

The Phase 1A testing was the only phase in which all three
pretreatment technologies were tested side-by-side.

The Phase 1A intent was to select the best pretreatment which
would then be used for the remaining testing phases with the RO
membranes. However, all three pretreatment processes worked
well in Phase 1A. Therefore, based on this result, all three
pretreatment processes were used in subsequent phases.

Pretreatment testing began August 2001. The three pretreatment
processes tested concurrently were:

e Actiflo ballasted sand clarification followed by dual media
filtration
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Phase 1B

e SuperP floc blanket clarification followed by dual media
filtration

e Zenon UF operating in direct filtration mode (coagulation and
filtration occurring in a single tank)

Each of these pretreatment alternatives utilized ferric sulfate for
coagulation of turbidity and NOM.

RO testing began November 9, 2001, once pretreatment system
operation was optimized and the pretreatment systems had been
evaluated based on their ability to produce potable water without
membrane polishing. The following two membrane typesé were
operated as single elements on effluent from each pretreatment
train:

e Osmonics SG
e TriSep X-20

Figure 23 illustrates the process layout for the Phase 1A testing.

Figure 23. Phase 1A Process Block Diagram
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Phase 1B testing began February 2002 and ended in July 2002.
Based on Phase 1A results, SuperP/granular media filtration and
Zenon UF were selected for Phase 1B testing. Actiflo was not
evaluated during Phase 1B but was selected for Phase 2 testing.

6 These types represented two of the four types selected from prior flat sheet testing

Surface Water Treatability and Demineralization Study

66



Pilot Testing

Phase 2A

This was done based on equipment availability. RO testing began
April 10, 2002, once each pretreatment system was optimized.

Pretreatment performance was evaluated using the same criteria
as in Phase 1A. During this phase, pretreatment effluent fed each
of the following four membrane types:

e Osmonics SG
Filmtec BW30FR
TriSep X-20
Hydranautics LFC1

The primary goal of Phase 1B testing was to compare performance
of each RO membrane type to select the best performing RO
membrane for Phase 2A and 2B. An additional Phase 1B goal was
to assess two methods of biological fouling control, chloramines
and BioGuard.

Figure 24 illustrates the Phase 1B testing layout.

Figure 24. Phase 1B Process Block Diagram
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Phase 2A began in July 2002 and ended in September 2002. This
phase continued single element testing and included operation of
the large RO unit, consisting of a high and three low recovery
systems. Based on Phase 1B results, the Filmtec BW30FR was
selected for high recovery system testing, while the TriSep X-20,
Osmonics SG, and Filmtec BW30LE were selected for low
recovery system testing.
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Phase 2A began at the end of the dry season, characterized by
lower than average NOM levels and higher than average TDS
levels. However, the bulk of Phase 2A testing was conducted
during the rainy season, characterized by higher than average
NOM levels and lower than average TDS.

As with the previous phases, the pretreatment systems were
evaluated based on both pretreatment and RO performance.
During this phase, the SuperP/granular media filter and Zenon
UF operated continuously, and effluent from each pretreatment
fed the following four fouling resistant membranes operated as
single elements:

e Osmonics SG

e Filmtec BW30FR

e TriSep X-20

e Hydranautics LFC1

Further, effluent from the SuperP/dual media filter pretreatment
fed the high recovery RO pilot unit. The Filmtec BW30FR was
operated in the high recovery system in a 2-1 array, with each
stage containing six elements per vessel. Also, low recovery
membrane testing was conducted. The following membranes
were tested in the low recovery system:

e Osmonics SG
e TriSep X-20
e Filmtec BW30LE

Low recovery system testing involved evaluating each element
type using single pass three element vessels, which could then be
compared to the lead vessel performance in the high recovery
system. The Hydranautics LFC1 was excluded from testing due
to the poor performance observed during the previous phases.

The Filmtec BW30LE, a conventional (non-fouling resistant)
membrane having lower cost and energy consumption, was
evaluated instead, to determine if such a membrane type could be
cost effectively operated on the pretreated Lake Monroe water.

Figure 25 illustrates the layout for the Phase 2A testing.
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Figure 25. Phase 2A Process Block Diagram
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Phase 2B

Phase 2B began in September 2002 and ended in December 2002.
During this phase, Actiflo clarification was replaced by SuperP
clarification (both followed by dual media filtration) as the
pretreatment for the high recovery RO unit. The Zenon UF
operation was evaluated in place of the dual media filters treating
clarified water from the Actiflo as well.

Phase 2B was conducted exclusively during the rainy season
characterized by higher than average NOM, color, and UV,
levels and lower than average TDS and conductivity levels.

As with the previous phases, the pretreatment systems were
evaluated based on both pretreatment and RO performance. During
this phase, the Actiflo dual media filter and Zenon ultrafilter
continued to feed the following single element membranes:

Osmonics SG
Filmtec BW30FR
TriSep X-20
Hydranautics LFC1

Phase 2B testing included further operation of the large RO unit
using Actiflo clarified/filtered water. Operation of the Filmtec
BW30FR element was continued in the high recovery system, with
Osmonics SG, TriSep X-20, and Filmtec BW30LE elements in the
low recovery system. The X-20 was replaced once during Phase 2B
to evaluate fouling mechanisms in the system. Further, SG testing
was discontinued based on poor membrane performance.
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Phase 3

Figure 26 illustrates the layout for the Phase 2B testing.

Figure 26. Phase 2B Process Block Diagram
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*In this phase, Zenon UF was tested as a direct filter pretreatment and
as an alternative for dual media filtration

Phase 3, conducted as a follow up to Phase 2B, began in January
2003 and ended in April 2003. During Phases 2A and 2B, the high
and low recovery membrane systems fouled rapidly and to a
much greater degree than the single elements. The rapid fouling
was not considered characteristic of performance on properly
pretreated water and was attributed to the following two factors:

(1) Lack of biofouling control by BioGuard
(2) Poor chemical clean efficiency

Phase 3 was therefore conducted to determine RO performance at
high recovery on properly pretreated feed water using
chloramines rather than BioGuard for biofouling control. Further,
chemical clean efficiency was evaluated based on different
chemicals and pH ranges. Finally, this phase was intended to
develop full scale design and cost data.

Additionally, verification testing was conducted with the Zenon
UF system operating on Actiflo clarified water. During this
testing, this Zenon permeate did not feed the RO system.
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The Actiflo-dual media filter pretreatment continued to feed the
high recovery RO unit. High and low recovery system testing
continued using the Filmtec BW30FR, TriSep X-20, and Filmtec
BW30LE elements. Further, Actiflo-dual media filter pretreatment
system fed the single elements. However, two single elements
were replaced with new BW30FR elements to evaluate RO
performance at higher fluxes.

Phase 3 was conducted exclusively during what should have been
the dry season. However, due to heavy rains throughout this
phase, Lake Monroe had higher than average NOM levels and
lower than average TDS.

Figure 27 illustrates the Phase 3 testing layout.

Figure 27. Phase 3 Process Block Diagram
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*In this phase, the Zenon UF and Memcor MF were tested as an alternative
to dual media filtration

PRETREATMENT TESTING

As discussed earlier, the raw for the St. Johns River at Lake
Monroe is seasonally brackish with TDS exceeding 1,200 mg/L.
This TDS can only be removed by RO membranes. However, the
organic and turbidity levels in raw water should be significantly
reduced for proper RO membrane performance. Therefore,
pretreatment before the RO membranes is an important step for
treating this water and was a large focus for this pilot study. As
discussed previously, the pretreatment technologies selected were
the Actiflo high-rate clarifier, the SuperP high-rate clarifier, and
the Zenon Ultrafilter membrane.
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Pretreatment testing with these technologies was conducted
throughout the entire pilot testing program. The testing, as
described earlier, was divided into 4 phases—Phase 1A, 1B, 2A,
2B, and 3. The Phase 1A testing was the only phase in which all
three pretreatment technologies were tested side-by-side.

The intent of Phase 1A was to select the best pretreatment which
would then be used for the remaining phases of RO membrane
testing. However, all three pretreatment processes worked well
in Phase 1A. Therefore, based on this result, all three
pretreatment processes were used in the subsequent phases. The
pretreatment technologies used in Phases 1B, 2 and 3 depended
on availability and schedule. The pretreatments used in the
different phases are as follows:

Phase 1A SuperP, Actiflo, and Zenon Ultrafilter

Phase 1B Super P and Zenon Ultrafilter

Phase 2A  Super P and Zenon Ultrafilter

Phase 2B Actiflo and Zenon Ultrafilter

Phase 3 Actiflo, Zenon Ultrafilter, and Memcor Microfilter

It is important to note that in each phase, these pretreatments
were providing treated water to RO membranes for desalting.

The following subsections highlight the pretreatment system
performance and pretreatment system water quality. Membrane
performance for desalting using water from these pretreatments is
discussed in the Membrane Testing section of this report.

Phase 1A Pretreatment Evaluation — High Rate Clarification and Ultrafiltration Testing

Phase 1A testing consisted of the initial pretreatment evaluation,
beginning in August 2001 and ending in December 2001. The
Phase 1A purpose was to test each of the pretreatment
technologies, side-by-side with respect to:

e the effectiveness of each technology to provide potable water
after filtration (i.e., if membranes were not used when the
source water is fresh, not brackish); and

e the effectiveness of each technology to sufficiently pretreat the
water for further treatment and salt removal with RO
membranes (i.e., when the source water is brackish).

This section provides a brief summary of each pretreatment
system’s ability to provide potable water after filtration. For
further information on the initial pretreatment evaluation, see
Appendix B, Technical Memorandum: Interim Pilot Report Phase 1A
Pilot Protocol Phases 1B & 2.
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The three pretreatment processes tested during Phase 1A were:

e Actiflo ballasted sand clarifier followed by dual media filtration
e SuperP blanket clarifier followed by dual media filtration

e Zenon ZeeWeed ultrafiltration

The simultaneous pretreatment testing began in late August 2001
and concluded on December 20, 2001. Pretreatment system
effectiveness on treating Lake Monroe water was based on
operability, treated water quality, and process stability.
Pretreatment process operating parameters were determined by
the pretreatment manufacturers and CH2M HILL.

Each of these pretreatments was evaluated by feeding the following
two (of the four single element membranes selected) membranes:

e Osmonics SG Brackish Water Membrane
e TriSep X-20 Membrane

The RO membrane testing began November 9, 2001 and ended
December 20, 2001, when the pretreatment testing ended.
Regarding membrane performance, the three pretreatments were
evaluated with respect to feed pressure change, trans-membrane
pressure change, and water quality change. For further
information on the membrane testing, see the Reverse Osmosis
Membrane Testing section of this report.

Water Quality

Daily raw water quality samples were taken to characterize the raw
water quality during pilot testing. Table 14 summarizes average,
maximum, and minimum pH, turbidity, UV,,,, apparent color, and
alkalinity levels for this initial testing. The table also summarizes
the standard deviation and coefficient of variance (CV) for each
parameter to illustrate the variable water quality in this water
source. The CV, calculated by dividing the standard deviation by
the average, quantifies the magnitude the standard deviation varies
from the average.

During Phase 1A, the average raw water turbidity was 7.5 NTU
with a maximum of 58.6 NTU which occurred during a heavy rain
event. Apparent color and UV,,, were monitored as natural
organic surrogates. Average raw water apparent color was 429
Pt-Co during Phase 1A with maximums greater than 520 Pt-Co,
occurring several times due to rain and wind events.
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Table 14. Raw Water Quality Field Analyses; Initial Pretreatment Evaluation

Parameter Units Average Max Min Ste?/?:t?gi g:fo\?;frii:sg;
pH 7.1 9.2 6.3 0.7 0.10
Alkalinity (mg/L as CaCO3) 51 920 37 11 0.23
Turbidity (NTU) 75 58.6 15 8.9 1.19
UVos, (abs/cm) 1.448 1.715 0.746 0.215 0.15
Color (App) (Pt-Co) 429 >520 245 70 0.16

Table 15 summarizes several general water quality parameters
monitored by UCF in the laboratory including NPDOC, TSS, TDS,
and conductivity.

As Table 15 illustrates, average NPDOC levels were 32.9 mg/L
during this initial evaluation. The maximum was 47.1 mg/L
compared to the minimum of 22.9 mg/L, which was nearly half
the maximum concentration. This illustrates the broad range in
NPDOC between the rainy and dry season.

The maximum TDS during Phase 1A was 988 mg/L compared to a
minimum TDS concentration of 294 mg/L, less than a third of the
maximum. As should be expected, the minimum TDS occurred
during the rainy season when fresh water run off was at a
maximum. As the rainy season ended, the TDS began to increase.

Table 15. Raw Water Quality Laboratory Analyses; Initial Pretreatment Evaluation

Parameter Units Average Max Min Ste?/ri]:t?(;i (():fo\?;frigr?;];
NPDOC (mg/L) 32.9 47.1 22.9 5.2 0.16
TSS (mg/L) 49 120 16 48 0.98
TDS (mg/L) 631.2 988.0 294.0 213.7 0.34
Conductivity (S/m) 67.3 92.0 43.8 18.5 0.27

Pretreatment Performance

During this study, all pretreatments utilized ferric sulfate
coagulant (Fe2(S04)3) for coagulation, selected during the
coagulant evaluation. Average coagulant dosages for Actiflo,
SuperP, and Zenon were 166, 157, and 174 mg/L, respectively.
Coagulation pHs for Actiflo, SuperP, and Zenon were 4.3, 4.6, and
5.7, respectively.

Coagulation pHs were 4.3 and 4.6 for Actiflo and SuperP, with
adjustment after coagulation to a pH of 6.5 to maximize iron
removal in the filters. Because Zenon is a one-step UF system and
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was operated at a pH of 5.7. This pH level maximized organic
removal while minimizing the filtered iron concentration.

To aid in clarification, a cationic polymer was used by SuperP and
Actiflo treatment trains; however, no polymer was necessary for
Zenon treatment. PAC was also added to the SuperP sludge
blanket for taste and odor control and additional TOC removal.

Clarified Water Quality

The Actiflo and SuperP clarified water quality is summarized in
Table 16. This table summarizes the average, maximum,
minimum, standard deviation, and CV for the clarification
systems. Since Zenon is a membrane filter, not a clarifier, its
performance is compared to Actiflo and SuperP filtration, later in
this section.

Both processes achieved good organic removal as illustrated in
Table 16. This table summarizes UV,,, and color, surrogate
measures of natural organic matter. Average clarified UV,,, was
0.106 abs/cm for Actiflo compared to 0.123 abs/cm for SuperP.
Both processes were also able to achieve low color levels.

The table also summarizes the low clarified turbidity achieved by
both processes. Actiflo achieved an average clarified turbidity of
0.62 NTU compared to 0.57 NTU for SuperP during Phase 1A,
well below 1 NTU. The CV for both processes were 0.61 and 0.47
for Actiflo and SuperP, respectively. These low CV values
indicate stable process operations.

Table 16. Clarified Water Quality Comparison; Pretreatment Evaluation

Analyte Units Process Average Max Min Star_ld:.;\rd Coeff|.<:|ent of
Deviation Variance
Actiflo 0.106 0.163 0.069 0.019 0.18
UVasy (abs/cm)
SuperP 0.123 0.760 0.050 0.082 0.67
Actiflo 15 42 6 8 0.53
Apparent (Pt-Co)
Color SuperP 17 61 7 10 0.59
o Actiflo 0.62 1.73 0.24 0.38 0.61
Turbidity (NTU)
SuperP 0.57 1.60 0.27 0.98 0.47

Filtered Water Quality

Filtered water quality samples were collected daily for pH,
turbidity, UV,,,, and color with weekly samples for NPDOC.
Table 17 summarizes the filtered water quality samples for the
duration of Phase 1A. All pretreatments were able to achieve an
average turbidity lower than 0.1 NTU during Phase 1A.
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The SuperP, Actiflo, and Zenon NPDOC levels are also
summarized in Table 17. All three processes achieved much
higher than the 50 percent NPDOC removal required by the
regulations. Actiflo had an average NPDOC level of 4.7 mg/L.
SuperP had an average NPDOC level of 5.2 mg/L without PAC
addition and 2.8 mg/L with PAC addition. These data show that
SuperP with PAC addition can achieve much higher removals of
NPDOC than can be achieved with coagulation alone. Further,
Actiflo and SuperP achieved average filtered water color of 4
Pt-Co and 5 Pt-Co, respectively.

The average Zenon ultrafiltered water had an NPDOC value of
8.1 mg/L with an average color of 21 Pt-Co. The difference in the
Zenon organic levels is attributed to the higher coagulation pH
required for that process. Actiflo and SuperP coagulation
occurred at pHs of 4.3 and 4.9 where optimum removal of
organics occur. The pH of the clarified water was then increased
to 6.5 for filtration. At this pH, soluble (dissolved) iron becomes
insoluble (solid) and can be removed during the filtration step.
Since Zenon is a one-step process, the coagulation in the Zenon
system occurred at a pH of 5.7 to control iron passage through the
ultrafilter. The pH of the Zenon water increased to
approximately 6.4 at the end of the process due to air stripping of
carbon dioxide. The coagulation pH of 5.7 is the pH at which
soluble iron can be minimized and NPDOC removal can be
maximized. At this high pH, coagulation is not as efficient for the
Zenon process, however, it does meet the regulatory requirements
for NPDOC removal. In addition, using Zenon as a one step
process is a constraint for testing in this phase as a pretreatment,
which requires the subsequent higher coagulation pH values as
mentioned above. In later phases of the study, Zenon was tested
after clarification as a filter. This will allow the organics to be
removed in the clarification process and further tested its ability
as a filter, and as an absolute barrier for particles and turbidity.

Table 17. Average Filtered Water Quality; Pretreatment Evaluation

Turbidity NPDOC UVas4 Colorapp Total Cl,
Process pH
(NTU) (mgl/L) (abs/cm) (Pt-co) (mg/L as Cl,)
AF/GF 6.4 0.07 4.7 0.094 4 6.95
SP/GF 6.2 0.10 5.2/2.8* 0.090 5 3.17
ZW-UF 6.4 0.08 8.1 0.225 21 5.93

*Indicates with/without PAC addition, respectively
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Filtration Performance
High Rate Clarification with Granular Media Filtration

The SuperP and Actiflo units were each followed by a dual media
filter. The filterability of SuperP and Actiflo treated water was
evaluated based on headloss, turbidity, particle counts, and unit
filter run volume (UFRV). The evaluation was performed at a filter
loading rate of 4 gpm/ft* (higher loading rates were evaluated in
subsequent phases of testing). Continuous data for headloss,
particle counts, and turbidity were collected in the CH2M HILL
trailer using the 4 inch pilot scale filters and a PLC data logger.

Pretreatment optimization was conducted during September and
October of 2001. The goal of pretreatment optimization was to
evaluate the ability of the pretreatments to achieve potable water
standards without using membranes. During pretreatment
optimization, chloramination of the raw water, for biological
fouling control on the RO membranes, had not begun. Prior to
starting raw water chloramination, the pretreatment systems were
unable to consistently produce a filtered water which achieved
the minimum filtered water total particle goal of less than 30 to 50
counts per ml for the duration of the filter run. Further, Actiflo
was unable to meet the UFRV minimum level goal of 7,200 gal/ft*
due to high headloss. Both pretreatments were, however, able to
achieve the turbidity goal of less than 0.1 NTU with each having
average turbidities of 0.053 NTU.

Filter run data suggested that particle levels and headloss were
high without preoxidation with chloramines. This may be due to
the high levels of organics that may have prevented complete
particle destabilization with the coagulant alone. The addition of
chloramines to the raw water, however, may have provided
particle conditioning, which significantly improved filterability.

Figure 28 and Table 18 summarize a typical filter run that occurred
once the pretreatments were optimized and chloramines were
being applied to the raw water. During this run, both
pretreatments were able to meet and exceed all goals for turbidity,
particle counts, and UFRV. As the Actiflo and SuperP filtration
parameters summary in Table 18 illustrates, both pretreatments
had nearly equal particle count levels and equal turbidity levels.
SuperP had a slightly lower rate of headloss increase, resulting in
a longer run duration, and subsequently a higher UFRV. This run
is typical of the filtered water quality that was produced for RO
membrane treatment during the Phase 1A testing.
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Figure 28. Typical Granular Media Filter Headloss, Turbidity, and Particle
Counts; Initial Pretreatment Evaluation
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Table 18. Typical Filter Run Performance; Initial Pretreatment Evaluation

Parameter Units Actiflo SuperP
Filter Run Duration (hrs) 74.9 89.6
Unit Filter Run Volume (galfft®) 17972 21504
Total Headloss (ft) 9.0 8.8
Rate of Headloss (in/hr) 14 1.3
Average Turbidityonjine (NTU) 0.061 0.061
Average Particle CountSopjine (#/ml) 11.9 13.3

Zenon Ultrafiltration

During Phase 1A, the Zenon pilot unit was operated at a flux of

20 gfd (gal/ft’/day) and a recovery of 90 percent. Online turbidity
and particle count data were collected every 15 minutes during
testing and are summarized in Figure 29. The Zenon unit was able
to achieve an average turbidity of less than 0.046 NTU and average
particle counts of 2.2 counts/ml for the duration of testing. This
illustrates the higher level of treatment that can be achieved using
membrane technology which is a nearly absolute barrier. 7

Although the Actiflo and SuperP filters had relatively low levels
of turbidity and particles, as expected, the Zenon ultrafilter
membrane was clearly able to achieve much lower levels than the
conventional media filtration.

Conclusions

The goal of Phase 1A was to simultaneously test each of the three
pretreatments for their ability to produce potable water without
membrane treatment during the rainy season; and to also test
their ability to feed low pressure RO membranes during the dry
season when higher raw water salt concentrations occurred.

All three pretreatments were able to produce potable water
guality without RO membrane treatment. Namely, Actiflo
followed by dual media filtration, SuperP followed by dual media
filtration, and Zenon ultrafiltration achieved this result. Organics
removal by each pretreatment exceeded regulatory requirements.
The filtered water turbidity from each process was significantly
below the potential future standard of 0.1 NTU, and each process
demonstrated a stable operation throughout this phase.

7 For more information on Zenon performance, see the “Microfiltration/Ultrafiltration” section in this document.
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Figure 29. Typical Zenon Filtered Water Quality; Initial Pretreatment Evaluation
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For further information on the initial pretreatment evaluation, see
Appendix B, Technical Memorandum: Interim Pilot Report Phase 1A
Pilot Protocol Phases 1B & 2.

Throughout Phase 1A and the remainder of this pilot study, levels
of residual iron were evaluated and monitored throughout the
unit processes. Iron levels after coagulation, in the clarified water,
ranged from 0.5 to 1.5 mg/L. These high levels would be
unacceptable in the distribution system as well as adversely
impact the RO membranes.

Iron levels were controlled after clarification by adjusting the
filtration (media filters and MF/UF membranes) pH to 6.5 to 7.5,
which further lowers the solubility of iron. Iron levels through the
filters, i.e. RO feed water, typically ranged below 0.1 mg/L. These
low iron feed values are referenced throughout the membrane
sections of this report. Iron precipitation did not adversely affect
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either the granular media filters or the MF/UF membrane filters,
with each performing within acceptable ranges.

Phase 1B, 2, and 3 Testing

Based on these results, the protocol and testing plan for the
remaining phases of testing was developed. Since all three of the
pretreatments performed well, the remaining phases of testing
included SuperP, Zenon, and Actiflo providing water to the low
and high recovery membranes at different times. This allowed for
additional data collection on the three processes since they all
demonstrated good performance. The membrane testing was
expanded from two to four membranes. Given the pretreatments
evaluated in Phase 1A, the subsequent phases focused more on
membrane performance and development of design data.

An important element of the subsequent phases of testing was the
continued evaluation of chloramine addition. Due to the
potential degradation of the membranes during Phase 1A,
significantly lower chloramine levels were added in subsequent
phases to control biological fouling. Chloramine addition was
lowered from dosages of 3 to 7 mg/L during the initial
pretreatment evaluation testing down to 1 to 2 mg/L.

Phase 1B, 2, and 3 High Rate Clarification Testing

SuperP and Actiflo were tested as clarification technologies for
organics and turbidity removal with further particle removal by
granular media filtration. The systems fed RO membranes to
demonstrate that SuperP with SP/GF and Actiflo with AF/GF
could produce treated water that meets drinking water goals.
These two processes were evaluated in side-by-side comparison
studies during phase 1A and, individually, during the remainder
of the testing.

Both technologies are alternatives to conventional clarification.
However, the two processes have different approaches. Actiflo is
a sand-ballasted clarifier and uses the attachment of floc particles
to microsand to ballast the floc particle. Subsequently, the floc
particles are quickly removed due to the increased density and
settling velocity of the floc particle. SuperP is an upflow blanket
clarifier and uses cohesion of a sludge blanket with a polymer to
capture floc particles as the coagulated stream flows up through
the blanket.

Both of these are clarification technologies that require some form
of filtration to polish the effluent prior to RO treatment. SuperP
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and Actiflo were both evaluated using granular media filters for
particle removal®. The filters were anthracite/sand dual media
filters.

SuperP Clarification with Granular Media Filtration

The objective of this testing was to evaluate the SP/GF process as
a pretreatment system for RO membranes. The goal of testing was
to gather the necessary data to develop full scale design
recommendations for Actiflo clarification and granular media
filtration.

SuperP Process Equipment Description

The SuperPulsator®, manufactured by Infilco Degremont, Inc.,
was evaluated during this study. The SuperP upflow blanket
clarifier, also known as the solids contact units, combines rapid
mixing, flocculation, and sedimentation in one unit. These
clarifiers are designed to maintain a large volume of flocculated
solids within the unit, which enhances flocculation by
encouraging interparticle collisions. The SuperP units are
popular because of their high loading rate, which occupies less
land space, and produces more water per unit area than
conventional sedimentation.

Figure 30 shows the SuperP process used during this pilot study.
As the figure suggests, rapid mixing occurs upstream of the unit
where ferric sulfate coagulant is added to begin the formation of
floc. After rapid mixing, a polymer is added which promotes
sludge blanket cohesion. The coagulated water then enters the
unit. The SuperP uses a vacuum pump and chamber to produce a
pulsing effect within the flocculation zone. The pulsing of the
solids blanket expands the blanket and increases the rate of
interparticle collisions. Solids are maintained in the unit at a set
height through the use of a solids overflow weir. Solids overflow
into a hopper and are removed at a set intervals. For this study,
solids were discharged from the unit every 20 minutes.

Clarification occurs with the use of inclined plates above the
sludge blanket that settle the remaining floc. The clarified
effluent is discharged at the top of the unit and flows to granular
media (anthracite/sand) filters for further particle removal and
polishing prior to RO treatment.

8 The Actiflo clarification technology was further evaluated with both microfiltration and ultrafiltration membranes.
For further information on this testing see the Microfiltration/Ultrafiltration section.
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Figure 30. Process Flow Schematic for SuperP Clarifier with Granular Media
Filtration
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Testing Summary

SuperP testing began in August 2001 and continued until October
2002. During this time, granular media filtration testing was
done, with subsequent RO testing also conducted on the filtrate.
Granular media filtration testing included evaluation of high
filter loading rates to maximize the production from the filters.

SuperP testing from August 2001 to December 2001 was
previously summarized. This section discusses SuperP testing
from March 2002 to October 2002. For further information on the
initial pretreatment evaluation testing, see the Phase 1A Report in
Appendix B.

SuperP testing resumed following the initial pretreatment
evaluation, starting in March 2001. The system was restarted and
optimized with respect to coagulation and filtration.

Membrane testing resumed following SP/GF optimization. Table
19 summarizes the single element membrane testing conducted on
the SP/GF water. This testing was conducted on the RO
membrane types selected during flat sheet testing previously
discussed. The first phase of testing, Phase 1A, was the initial
pretreatment evaluation. This phase included a side-by-side
comparison of the SP/GF to AF/GF and ZW-UF.

The next phase of testing, from April 2002 to June 2002, was the
lead element selection process, with the goal of selecting the best
performing membrane for further evaluation in the high recovery
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system. Continued evaluation of the single elements lasted until
September 2002, at which point, the SuperP clarifier was replaced
by the Actiflo clarifier as the pretreatment to the membranes.

Table 19. Single Element Membrane Testing Summary for SP/GF Evaluation

Task Dates Hour; of Filmtec TriSep [Osmonics| Hydranautics
Testing BW30FR X-20 SG LFC1
Pretreatment Evaluation 11/09/01-12/19/01 850 XX XX
Lead Element Selection 04/08/02-06/30/02 1700 XX XX XX XX
Continued Single Element Eval. || 07/01/02-09/23/02 1500 XX XX XX XX

Table 20 summarizes the high recovery membrane testing
conducted on the SP/GF water. High recovery membrane testing
began in August 2001 and ended in September 2002, when the
SuperP clarifier was replaced by the Actiflo clarifier as the
pretreatment to the RO membranes.

Table 20. High Recovery Membrane Testing Summary for SP/GF Evaluation

Task Dates Hours of Filmtec Filmtec TriSep Osmonics
Testing BW30FR | BW30LE X-20 SG
High Recovery Evaluation 07/16/02-09/23/02 1350 XX XX XX XX

Figure 31 is a basic process schematic for the SuperP clarifier and
granular media filter pretreatment. Ferric sulfate and either
sodium hydroxide or sulfuric acid (depending on the raw water
alkalinity and coagulant dosage) were applied to the raw water
prior to the clarifier. Further, polymer addition was necessary for
sludge blanket cohesion. PAC was also applied to the blanket for
further blanket stabilization and for taste and odor removal from
the raw water. The SuperP loading rate for these studies was 3.00
to 3.75 gpm/ft* and sludge was discharged from the system every
20 minutes.

Following coagulation/flocculation the water flowed to the dual
media filters. The clarified effluent was then chloraminated with
sodium hypochlorite and ammonium hydroxide. Further, prior to
filtration, the pH was adjusted to between 6.5 and 7.0 to remove
soluble iron in the clarified effluent. Granular media filters were
42 inches of anthracite over 12 inches of sand. Pilot filters in the
CH2M HILL trailer® were operated to collect detailed filtration
design data, while larger filters in the pilot building were

9 The CH2M HILL trailer housed three 4 inch diameter pilot filters which were monitored online by a common
turbidimeter and particle counter.
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operated to produce larger quantities of filtered water for testing
on the RO membranes.

Figure 31. Basic Process Flow Diagram for the SP/GF Pretreatment Testing
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Water Quality

Tables 21, 22, and 23 summarize the results of daily sampling and
analyses of raw, SuperP clarified, and granular media filtrate
streams, respectively. The data is for the period March 21, 2002 to
October 9, 2002, and includes average, maximum, minimum,
standard deviation, and CV for each water quality parameter. In
addition, Table 22 summarizes the coagulation dosage, polymer
dosage, PAC dosage and coagulation pH data for the SuperP
process while Table 23 summarizes the filtration pH and total
chlorine concentration.

During the SP/GF testing, average raw water UV, was 0.803
abs/cm and ranged from 0.424 to 1.501 abs/cm, while average
conductivity was 103.9 S/m and ranged from 33.1 to 185.9 S/m.
This evaluation began in the dry season and lasted up to the rainy
season, which would explain the large difference between the
maximum and minimum for these parameters.

Table 21. Raw Water Quality for SP/GF Testing on Lake Monroe Water

Parameter Units Average Max Min Ste?/?:t?;: Co\(/a::i(;:g of
pH 7.3 8.3 5.8 0.5 0.06
Alkalinity (mg/L as CaCOy) 70 115 42 12 0.17
Turbidity (NTU) 6.2 44.9 0.8 4.7 0.76
Conductivity (S/m) 103.9 185.9 33.1 44.7 0.43
Apparent Color (Pt-Co) 237 467 129 79 0.33
UV 54 (abs/cm) 0.803 1.501 0.424 0.283 0.35
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Table 22 summarizes the ferric sulfate dosages for the SuperP
process during testing. All ferric sulfate dosages are reported as
pure (100 percent) ferric sulfate. As the table illustrates, the
average ferric sulfate dosages for the SuperP process were 155
mg/L and ranged from 230 mg/L to 75 mg/L.

The average polymer dosages during testing were 0.65 mg/L and
ranged from 0.98 mg/L to 0.47 mg/L. Ciba® Magnafloc® LT22S, a
medium charge density cationic polymer, was used for treatment.
Note that cationic polymer can potentially cause membrane
fouling. The potential impact of polymer carryover on membrane
performance was not directly evaluated during this testing.

The average coagulation pH was 4.3 during testing, resulting in
an average soluble iron concentration of 1.22 mg/L.

The average apparent color and UV, after clarification were 14
Pt-Co and 0.073 absorbance per centimeter (abs/cm), respectively.
Turbidity ranged from 1.45 NTU to 0.09 NTU with an average of
0.55 NTU.

Table 22. SP Clarified Water Quality for SP/GF Testing on Lake Monroe Water

Parameter Units Average Max Min S;i?gt?gi CO\?;IE:E; of
Ferric Dosage (pure) (mg/L) 155 230 75 43 0.28
Polymer (mg/L) 0.65 0.98 0.47 0.13 0.20
Coagulation pH 4.3 5.6 34 0.5 0.12
Powdered Activated Carbon (mg/L) 214 34.4 9.8 4.8 0.22
Turbidity (NTU) 0.55 145 0.09 0.27 0.49
Iron (mg/L) 1.22 2.99 0.09 0.46 0.38
Apparent Color (Pt-Co) 14 29 1 5 0.36
UVys,4 (abs/cm) 0.073 0.137 0.023 0.026 0.36

As Table 23 demonstrates, filtered water turbidity was 0.056 NTU
and ranged from a maximum of 0.084 NTU to 0.032 NTU.
Turbidity readings were taken from the online turbidimeter and
were only taken during steady state filtration conditions.
Therefore, this average turbidity does not account for the
turbidity during ripening and breakthrough. Average particle
counts ranged from 7.5 counts/mL to 100.3 counts/mL with an
average of 28.3 counts/mL. Again, as with the turbidity, readings
were taken from online particle counters and were only taken
during steady state filtration.
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Table 23. Filtered Water Quality for SP/GF Testing on Lake Monroe Water

Parameter Units Average Max Min SL%?:t?;i CO\?::;:ES:} of
pH 6.6 7.6 5.8 0.4 0.06
Alkalinity (mg/L as CaCO,) 24 42 11 6 0.25
Turbidity (NTU) 0.056 0.084 0.032 0.009 0.16
Particle Counts (#/ml) 28.3 100.3 7.5 27.4 0.97
Apparent Color (Pt-Co) 1 10 0 2 1.29
UVss4 (abs/cm) 0.055 0.108 0.013 0.022 0.40
Iron (mg/L) 0.053 0.259 0.000 0.047 0.88
Total Cl, (mg/L as Cly) 0.64 2.67 0.00 0.74 1.15

Table 24 and Figure 32 summarize the average removal of
turbidity, apparent color, and UV, by clarification, granular media
filtration, and the combined clarification/GF process. As Table 24
and Figure 32 illustrate, the cumulative turbidity removal was 99.1
percent, the cumulative apparent color removal was 99.4 percent,
and the cumulative UV, removal was 93.1 percent.

Table 24. Average Turbidity, Apparent Color, and UV,,, Removals for SP/GF
Testing on Lake Monroe Water

Averages Removals
Parameter Units Y Clarifiod ¢ c i
- . aw to arified to umulative

Raw Clarified | Filtered Clarified Filtered Removal

Turbidity (NTU) 6.2 0.55 0.056 91.1% 89.7% 99.1%
Apparent Color (Pt-Co) 237 14 1 94.2% 89.4% 99.4%
UVss, (abs/cm) 0.803 0.073 0.055 90.9% 24.0% 93.1%

Filterability

The SuperP unit was followed by a dual media filter. The
filterability of the SuperP clarified effluent was quantified by
headloss, turbidity, particle counts, and UFRV. Continuous data for
headloss, particle counts, and turbidity were collected in the CH2M
HILL trailer using the 4 inch pilot scale filters and a PLC data logger.

The data presented represents a properly operated SP/GF process
and is representative of typical filter runs observed during
testing. The following data collected during non-representative
periods is not included:

Interruptions in chemical feed to the clarified effluent

SuperP operational upsets

System pressure changes resulting in particle breakthrough
Feed pump problems resulting in loss of flow or reduced flow
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Figure 33 and Table 25 summarize the filtration data for the filter
runs starting on July 26, 2002 which evaluated different filter
loading rates. Three filter runs were conducted simultaneously.
Filters 1, 2, and 3 were operated at 4, 7, and 10 gpm/ft’,
respectively, to evaluate the effect of higher filter loading rates on
water quality.

Figure 32. Raw, Clarified, and Filtered Water Quality Levels for SP/GF
Testing on Lake Monroe Water
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Figure 33. SP/GF Headloss, Turbidity, and Particle Counts; Run SP1
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Table 25. SP/GF Performance; Run SP1

Parameter Units Filter 1 Filter 2 Filter 3
Filter Loading Rate (gpm/ftd) 4 7 10
[[Filter Run Duration (hrs) 54.5 24.0 15.0
Unit Filter Run Volume (galfft®) 13080 10080 9000
Total Headloss (ft) 6.5 8.5 6.5
Rate of Headloss (in/hr) 14 4.2 5.2
Average Turbiditygpine (NTU) 0.048 0.042 0.050
Average Particle Countsgpjine (#/ml) 23.9 19.9 29.9

All of the filter runs had acceptable UFRV’s. However, Filter 3
(10 gpm/ft?) was terminated based on particle breakthrough,
whereas, the other two filters were terminated based on terminal
headloss.

Filtered water turbidity and particle levels were comparable
among the three filters. However, Filter 3 (10 gpm/ft’) had
higher particle counts and higher turbidity than the other two
filters. Turbidity for Filter 1 (4 gpm/ft®) was higher than Filter 2
(7 gpm/ft*); however, the duration of the run in Filter 1 was
nearly twice as long, and the pretreated water quality may have
been worse, later in the filter run.

Figure 34 and Table 26 summarize filtration data filter runs with
different loading rates starting on October 5, 2002. Again, three
filters were operated simultaneously. Filters 1, 2, and 3 were
operated at 4, 7, and 10 gpm/ft’, respectively.

Performance during this set of runs was better than the previous
set. All of the filter runs had UFRV’s that were nearly double
those of the previous set of runs. However, during this trial, the
run on Filter 3 (10 gpm/ft®) was terminated based on headloss
rather than particle breakthrough.

Turbidity and particle levels were comparable for Filter 1 (4
gpm/ft®) and Filter 2 (7 gpm/ft’). Filter 3 (10 gpm/ft’) again had
significantly higher particle counts and higher turbidity than the
other two filters.
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Figure 34. SP/GF Headloss, Turbidity, and Particle Counts; Run SP2
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Table 26. SP/GF Performance; Run SP2

Parameter Units Filter 1 Filter 2 Filter 3
Filter Loading Rate (gpm/ft) 4 7 10
Filter Run Duration (hrs) 99.5 47.0 313
Unit Filter Run Volume (galiftd) 23880 19740 18750
Total Headloss (ft) 7.9 8.8 8.2
Rate of Headloss (in/hr) 1.0 2.2 3.1
Average Turbidityonine (NTU) 0.035 0.037 0.046
Average Particle CountSgpjine (#/ml) 17.1 25.9 33.7

Conclusions

The goal of this testing program was to evaluate the filterability
of SuperP clarified water and assess the production of potable
water meeting the drinking water regulations at various filtration
rates.

The Super-P clarified water is filterable. The tests indicated that
average turbidities were less than 0.05 NTU at all filtration rates
(4, 7, and 10 gpm/ft®) and average particle counts were less than
33.7 counts/ml. The water production measured by UFRV was
also acceptable ranging from 9,000 gal/ft’ to over 20,000 gal/ft*
depending on the loading rate Loading rates from 4 to 7 gpm/ft’
resulted in filter runs from 30 to 99 hours. Loading rates of

10 gpm/ft’> were not as reproducible and may require additional
optimization.

Actiflo Clarification with Granular Media Filtration

The objective of AF/GF testing was to evaluate this process as a
pretreatment system for RO membranes. The goal of testing was
to gather the necessary data to develop full scale design
recommendations for Actiflo clarification and granular media
filtration.

Actiflo Process Equipment Description

Actiflo® is a high rate clarification process that uses microsand-
enhanced flocculation and tube settling to produce a clarified
effluent. For this treatment, sand is introduced to the coagulated
water along with polymer to form the microsand ballasted floc.
The sand increases the floc particle density, subsequently causing
a higher floc settling velocity. Advantages of this process include
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enhanced treatment for colored waters and very high loading
rates that can significantly reduce surface area requirements.

Figure 35 illustrates the Actiflo process used during this pilot
study. The process consists of a rapid mix in which a coagulant is
added, followed by an injection tank, where microsand and a
polymer are added in a high energy mixing environment. A
maturation zone follows, where lower energy mixing takes place
to build the floc. The water then enters the settling tank, where
the microsand flocs settle out quickly, with further clarification by
tube settling. The clarified effluent is discharged at the top of the
unit and flows to granular media (anthracite/sand) filters for
further particle removal and polishing prior to RO treatment.

The microsand sludge at the bottom of the settling tank is
pumped to a hydrocyclone, where the sand is separated from the
sludge by centrifugal force. The separated sand is returned to the
head of the process for reintroduction in the injection tank, while
the sludge is removed for further processing.

Figure 35. Process Flow Schematic for Actiflo Clarifier with Granular
Media Filtration
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Testing Summary

Actiflo testing began in August 2001 during the initial
pretreatment evaluation. Piloting continued until December 2001,
when testing stopped to evaluate the results of this initial testing
and develop the testing protocol for the remaining phases.

In March 2002, the SuperP produced water for the RO
membranes. The Actiflo process was not brought back for testing
until August 2002. At this time, coagulation and filtration
optimization was conducted for approximately one month. After
this time, the SuperP was replaced by the Actiflo as the treatment
system for the RO membranes. During this time, granular media
filtration testing was performed, with subsequent RO testing
being conducted on the filtrate. Granular media filtration testing
included evaluation of high filter loading rates to maximize
production from the filters.

Actiflo testing conducted from August 2001 to December 2001
was previously summarized. This section addresses Actiflo
testing from August 2002 to April 2003. For further information
on the initial pretreatment evaluation testing, see the Phase 1A
Report located in Appendix B.

Membrane testing resumed once the AF/GF pretreatment was
optimized. Table 27 summarizes the single element membrane
testing conducted on the AF/GF water. The first phase of testing,
Phase 1A, was the initial pretreatment evaluation. This phase
included a side-by-side comparison of the AF/GF to SP/GF and
ZW-UF pretreatment trains.

The next phase of testing, from September 2002 to November 2002
was the continued single element evaluation. The goal of this
phase was to collect long term performance data on the single
element membranes. From January 2003 to April 2003, the water
from the AF/GF process was used for a flux evaluation with the
RO membranes.

Table 27. Single Element Membrane Testing Summary for AF/GF Evaluation

Task and Pretreatment Dates I—_:_oel;;isnc;f ;\;:/rg(t)le:cR T)r(l_SZ((e)p Osrré(z;mcs Hydlr_e;:ng;ncs
Pretreatment Evaluation 11/09/01-12/19/01 850 XX XX
Continued Single Element Eval. || 09/23/02-11/08/02 800 XX XX XX XX
Flux Evaluation 01/28/03-04/02/03 1250 XX
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Table 28 summarizes the high recovery membrane testing
conducted on the AF/GF water. High recovery membrane testing
with Actiflo treated water began in September 2002 and ended in
April 2003.

Table 28. High Recovery Membrane Testing Summary for AF/GF Evaluation

Task and Pretreatment Dates Hours of Filmtec Filmtec TriSep Osmonics
Testing BW30FR | BW30LE X-20 SG
High Recovery Evaluation 09/23/02-12/19/02 1470 XX XX XX XX
Continued Evaluation 01/17/03-04/02/03 1270 XX XX XX

Figure 36 is a simplified process schematic for the Actiflo clarifier
and granular media filter pretreatment. Ferric sulfate and either
sodium hydroxide or sulfuric acid (depending on raw water
alkalinity and coagulant dosage) were applied to the raw water
prior to the clarifier. Further, polymer was necessary for
attachment of the floc to the microsand. The AF loading rate for
these studies was approximately 20 gpm/ft’.

Following coagulation/flocculation the water flowed to the dual
media filters. The clarified effluent was then chloraminated with
sodium hypochlorite and ammonium hydroxide. Further, prior to
filtration, the pH was adjusted to between 6.5 and 7.0 to remove
soluble iron in the clarified effluent. Granular media filters were 42
inches of anthracite over 12 inches of sand. Pilot filters in the CH2M
HILL traileri0 were operated to collect detailed filtration design data,
while larger filters in the pilot building were operated to produce
larger quantities of filtered water for testing on the RO membranes.

Figure 36. Simplified Process Flow Diagram for the AF/GF
Pretreatment Testing
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10 The CH2M HILL trailer housed three 4 inch diameter pilot filters which were monitored online by a common
turbidimeter and particle counter.
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Performance Summary
Water Quality

Tables 29, 30, and 31, summarize the results for the daily
sampling and analyses of raw, Actiflo clarified, and granular
media filtrate streams, respectively. The data is for the period
August 13, 2002 to April 2, 2003, and includes average, maximum,
minimum, standard deviation, and coefficient of variance for each
water quality parameter. In addition, Table 30 summarizes the
coagulation dosage, polymer dosage, and coagulation pH data for
the Actiflo process while Table 31 summarizes the filtration pH
and total chlorine concentration.

During the AF/GF testing, average raw water UV, was 1.018
abs/cm and ranged from 0.455 to 1.331 abs/cm, while average
conductivity was 57.1 S/m and ranged from 31.4 to 86.5 S/m. This
evaluation began in the rainy season. However, due to wetter than
expected conditions continuing into January and February, the
conductivity was lower than would normally be expected.

Table 29. Raw Water Quality for AF/GF Testing on Lake Monroe Water

Parameter Units Average Max Min S;i?:t?;?] CO\?;?:;'EE; of
pH 7.0 7.4 6.3 0.2 0.02
Temperature (°c) 195 29.7 10.4 4.7 0.24
Alkalinity (mg/L as CaCO3) 54 105 23 18 0.33
Turbidity (NTU) 6.0 36.3 18 2.4 0.40
Conductivity (S/m) 57.1 86.5 31.4 12.3 0.22
Apparent Color (Pt-Co) 249 720 110 73 0.29
UV,s4 (abs/cm) 1.018 1.331 0.455 0.150 0.15

Table 30 summarizes the ferric sulfate dosages for the Actiflo
process during testing. All ferric sulfate dosages are reported as
pure (100 percent) ferric sulfate. As the table shows, the average
ferric sulfate dosages for the Actiflo process were 144 mg/L and
ranged from 289 mg/L to 69 mg/L.

The average polymer dosage during the testing was 0.38 mg/L
and ranged from 0.15 mg/L to 0.75 mg/L. Two types of polymer
were tested during the evaluation, Cytec® Superfloc® C-1592 PG
and Ciba® Magnafloc® LT22S. Both polymers were a medium
charge density cationic polymer. Note that cationic polymers can
potentially cause membrane fouling. The potential impact of
polymer carryover on membrane performance was not directly
evaluated during this testing.
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The average coagulation pH was 4.1 for testing, resulting in an
average soluble iron concentration of 0.88 mg/L.

Average apparent color and UV

to 0.16 NTU with an average of 0.43 NTU.

254

after clarification were 6 Pt-Co
and 0.079 abs/cm, respectively. Turbidity ranged from 3.53 NTU

Table 30. AF Clarified Water Quality for AF/GF Testing on Lake Monroe Water

Parameter Units Average Max Min S::/?:t?(;i Coj;?gﬁgé of
Ferric Dosage (pure) (mg/L) 144 289 69 35 0.25
Polymer (mg/L) 0.38 0.75 0.15 0.12 0.32
Coagulation pH 4.1 5.7 3.3 0.3 0.06
Turbidity (NTU) 0.43 3.53 0.16 0.29 0.68
Iron (mg/L) 0.88 1.25 0.51 0.18 0.21
Apparent Color (Pt-Co) 6 31 0 4 0.71
UVas, (abs/cm) 0.079 1.060 0.027 0.066 0.84

As Table 31 suggests, filtered water turbidity was 0.045 NTU and
ranged from a maximum of 0.084 NTU to 0.026 NTU. Turbidity
readings were taken from the online turbidimeter and were only
taken during steady state filtration conditions. Therefore, this
average turbidity does not account for the turbidity during
ripening and breakthrough. Average particle counts ranged from
10.0 counts/mL to 90.9 counts/mL with an average of 31.2
counts/mL. Again, as with the turbidity, readings were taken
from online particle counters and were only taken during steady
state filtration.

Table 31. Filtered Water Quality for AF/GF Testing on Lake Monroe Water

Parameter Units Average Max Min S;i?:t?éi COS;?;\'EQ; of
pH 6.6 7.1 6.0 0.3 0.04
Alkalinity (mg/L as CaCOy) 25 38 10 6 0.24
Turbidity (NTU) 0.045 0.084 0.026 0.011 0.23
Particle Counts (#/ml) 31.2 90.9 10.0 19.6 0.63
Apparent Color (Pt-Co) 2 6 0 1 0.86
UVasy (abs/cm) 0.074 0.100 0.051 0.011 0.15
Iron (mg/L) 0.030 0.075 0.000 0.022 0.71
Total Cl, (mg/L as Cl,) 1.67 4.27 0.00 1.26 0.75
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Table 32 and Figure 37 summarize the average removal of

turbidity, apparent color, and UV

by clarification, granular

media filtration, and the combined clarification/granular media
filtration process. As Table 32 and Figure 37 illustrate, the
cumulative turbidity removal was 99.2 percent, the cumulative
apparent color removal was 99.3 percent, and the cumulative

uv

254

removal was 92.8 percent.

Table 32. Average Turbidity, Apparent Color, and UV254 Removals for AF/GF

Testing on Lake Monroe Water

Averages Removals
Parameter Units R © Clarifiod ¢ c i
- . aw to arified to umulative
Raw Clarified | Filtered Clarified Filtered Removal
Turbidity (NTU) 6.0 0.43 0.045 92.8% 89.5% 99.2%
Apparent Color (Pt-Co) 249 6 2 97.7% 70.6% 99.3%
UV,s4 (abs/cm) 1.018 0.079 0.074 92.3% 6.5% 92.8%
Filterability

The Actiflo unit was followed by a dual media filter. The
filterability of the Actiflo clarified effluent was quantified by
headloss, turbidity, particle counts, and UFRV. Continuous data
for headloss, particle counts, and turbidity were collected in the
CH2M HILL trailer using the 4 inch pilot scale filters and a PLC
data logger.

The data presented represents a properly operated AF/GF
process and is representative of typical filter runs observed
during testing. The following data collected during non-
representative periods is not included:

Interruptions in chemical feed to the clarified effluent

Actiflo operational upsets

System pressure changes resulting in particle breakthrough

e Feed pump problems resulting in loss of flow or reduced flow

Figure 38 and Table 33 summarize the filtration data for the filter
runs with different loading rates starting on November 26, 2002.
Three filter runs were conducted simultaneously. Filters 1, 2, and
3 were operated at 4, 7, and 10 gpm/ft®, respectively, to evaluate
the effect of higher filter loading rates on water quality.
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Figure 37. Raw, Clarified, and Filtered Water Quality Levels for AF/GF
Testing on Lake Monroe Water
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Figure 38. AF/GF Headloss, Turbidity, and Particle Counts; Run AF1
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All of the filter runs had acceptable UFRV’s with all filter runs
being terminated based on terminal headloss rather than particle
breakthrough.

Filtered water turbidity and particle levels were comparable
among the three filters. Surprisingly, Filter 3 (10 gpm/ft*) had
higher particle counts and lower turbidity than the other two
filters even though the differences were small. This may have
been due to the shorter filter run duration for Filter 3 (10 gpm/ft?)
and the variability in feed water quality throughout the filter run.

Table 33. AF/GF Performance; Run AF1

Parameter Units Filter 1 Filter 2 Filter 3
Filter Loading Rate (gpmiftd) 4 7 10
Filter Run Duration (hrs) 104.3 51.2 41.3
Unit Filter Run Volume (galfft®) 25020 21525 24750
Total Headloss (ft) 8.8 8.7 8.1
Rate of Headloss (in/hr) 1.0 2.0 2.4
Average Turbidityopjine (NTU) 0.048 0.047 0.038
Average Particle Countsgpjine (#/ml) 28.0 28.7 31.0

Figure 39 and Table 34 summarize the filtration data for the filter
runs with different loading rates starting on March 3, 2002,
Again, three filter runs were conducted simultaneously on Filters
1, 2, and 3, which were operated at 4, 6, and 8 gpm/ft’,
respectively. Lower filter rates were evaluated due to the
unpredictable filter performance at the highest loading rate,
namely 10 gpm/ft’.

The performance during this set of runs was worse than the
previous set with respect to UFRV. The lower UFRV’s were due
to increased rates of headloss on the filters, likely due to excess
particle carryover from the Actiflo clarifier. However, UFRV’s
were still at an acceptable level.

It would appear that Filter 1 (4 gpm/ft?) performed better than
the other filters with respect to turbidity and particle levels.
However, as Figure 39 illustrates, all of the filters had improving
water quality throughout the filter run. But, after Filter 2 and 3
were taken offline, the turbidity and particle counts continued to
decrease for Filter 1 (4 gpm/ft®). This, subsequently, resulted in
lower average turbidity and particle counts for Filter 1.
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Figure 39. AF/GF Headloss, Turbidity, and Particle Counts; Run AF2
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Table 34. AF/GF Performance; Run AF2

Parameter Units Filter 1 Filter 2 Filter 3
Filter Loading Rate (gpm/ft) 4 6 8
Filter Run Duration (hrs) 52.7 33.0 235
Unit Filter Run Volume (galiftd) 12660 11880 11280
Total Headloss (ft) 8.5 8.7 7.9
Rate of Headloss (in/hr) 1.9 3.2 4.0
Average Turbidityonine (NTU) 0.033 0.040 0.039
Average Particle CountSgpjine (#/ml) 16.5 25.0 34.1

Figure 40 and Table 35 summarize filter runs in which ozone was
applied to the clarified effluent/filter feed stream. The runs began
on March 13, 2003 and were conducted simultaneously at 4, 6, and
8 gpm/ft® on Filters 1, 2, and 3, respectively. Ozone was applied
in a contactor at a dosage of 5 mg/L, and was then passed
through an off-gasser.

The performance during this set of runs was very poor with
respect to UFRV when compared to other filter runs. This data
set is not representative since the ozone testing was terminated
before it could be optimized. The ozone testing was not
continued since the bromide levels exceed 1.0 mg/L and result in
significant levels of the by-product bromate that would exceed
regulatory levels.

Table 35. GF with Ozone Preoxidation; Performance Summary; Run AF1

Parameter Units Filter 1 Filter 2 Filter 3

Filter Loading Rate (gpm/ftd) 4 6 8
[[Filter Run Duration (hrs) 31.0 195 9.2
Unit Filter Run Volume (galfft®) 7440 7020 4440
Total Headloss (ft) 11 1.4 0.9
Rate of Headloss (in/hr) 0.4 0.9 1.2
Average Turbidityoniine (NTU) 0.047 0.051 0.053
Average Particle Countsgpjine (#/ml) 10.9 16.7 16.8

The applied ozone dosage was approximately 5 mg/L.
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Figure 40. GF with Ozone Preoxidation; Headloss, Turbidity and Particle

Counts; Run GF1
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Figure 41 and Table 36 summarize filter runs starting on March
31, 2003 to assess different media configurations. Anthracite was
added to two of the filters in order to have anthracite depths of
44, 48, and 52 inches to assess the effect on filtered water quality.
The depth of sand was held constant at 12 inches for all of the

filters. Again, three filter runs were conducted simultaneously.
All of the filters were operated at 6 gpm/ft’.

During this run, the higher anthracite depths resulted in slightly
higher UFRV’s and lower rates of headloss. With more
optimization, more substantial levels of improvement could be
realized using deeper media configurations. Turbidity and

particle count levels were comparable for the filters.

Table 36. GF with Varying Media Configurations; Performance Summary; Run AF1

Parameter Units 44" Anthracite 48" Anthracite 52" Anthracite

Filter Loading Rate (gpm/ftd) 6 6 6
[[Filter Run Duration (hrs) 223 233 26.0

Unit Filter Run Volume (galfft®) 8010 8370 9360
Total Headloss (ft) 7.8 7.5 6.8

Rate of Headloss (in/hr) 4.2 3.9 3.1
Average Turbidityoniine (NTU) 0.041 0.043 0.043
Average Particle Countsgpjine (#/ml) 31.2 31.0 28.8

All filters were still dual media with 12" of sand under the anthracite

Conclusions

This phase of testing included Actiflo clarification followed by
granular media filtration, initially at filtration rates up to 10
gpm/ft’ with a second set of runs up to 8 gpm/ft.

The Actiflo clarified water is filterable. All of the data indicated
that filtration up to a rate of 8 gpm/ft* will produce filtered water
guality meeting the drinking water regulations. The average
filtered water quality was less than -0.1 NTU with average
particle counts less than 34.1 counts/ml. For design of filters with
Actiflo clarification, filtration rates up to from 4 to 8 gpm/ft’
maybe used, with filter run times ranging from 24 hours to 100
hours depending on the loading rate used.

Surface Water Treatability and Demineralization Study

105



Pilot Testing

Figure 41. GF with Varying Media Configurations; Headloss, Turbidity,

and Particle Counts; Run AF1

¢ 44" Anthracite

m 48" Anthracite 52" Anthracite

10

Headloss (ft)

3/31/03 12:00 3/31/03 18:00 4/1/03 0:00

4/1/03 6:00  4/1/03 12:00 4/1/03 18:00  4/2/03 0:00

0.30 4

I
N
(&)

I
N}
o

o
=
[¢)]

|
a

o
[
o

Turbidity (NTU)

0.05

0.00 | |

S
w% Yo

]
W
AAAAA RN 4 K1Y

3/31/03 12:00 3/31/03 18:00 4/1/03 0:00

4/1/03 6:00 4/1/03 12:00 4/1/03 18:00  4/2/03 0:00

100

80 -

60

40 -

gy M,

™

T

A3

Particles (#/ml)

20 A

0 | 1

_-5* vm\ Q"a 3';

%4!'»

3/31/03 12:00 3/31/03 18:00 4/1/03 0:00

4/1/03 6:00 4/1/03 12:00 4/1/03 18:00 4/2/03 0:00
Date

Surface Water Treatability and Demineralization Study

106




Pilot Testing

Phase 1B, 2 and 3 MF/UF Testing

MF/UF was tested as a pretreatment to RO and to demonstrate that
UF could produce a treated water meeting drinking water goals. One
MF system, Memcor CMF-S, and one UF system, ZeeWeed 500-C,
were tested during the study. Both were operated following
clarification as a replacement for media filters. In addition, the
ZeeWeed 500-C was tested in direct filtration mode, in which the
Zenon was a standalone pretreatment with coagulation occurring in
the process tank.

Zenon Direct Filtration

The objective of Zenon direct filtration testing was to evaluate the
Zenon process as a stand alone pretreatment system for direct
comparison to Actiflo/SuperP clarification followed by granular
media filtration. In direct filtration mode, flocculation is
performed prior to ZeeWeed UF, but coagulation and filtration
occur in the same tank.

The objective of direct filtration testing was to gather the
necessary data to develop full scale design recommendations for
optimized flux, recovery, cleaning interval, and coagulant dosage
and to accurately estimate full scale costs for a ZeeWeed based
pretreatment system.

Equipment Description

ZeeWeed is a low-energy membrane treatment system that
consists of hollow fiber UF modules immersed in a process tank
containing the raw water being treated. The ZeeWeed hollow-
fiber membrane has a 0.04-micron nominal and a 0.1-micron
absolute pore size. These pore characteristics ensure that no
particulate matter exceeding 0.1 microns in size, including
Cryptosporidium oocysts and Giardia cysts, can pass through the
membrane to the treated water stream. The loose, hollow fiber
membranes are arranged in an assembly known as a “module” by
connecting the fibers at both ends. During treatment, a vacuum is
applied to the inside (lumen side) of the fibers at each end of the
module. The resulting difference in pressure across the wall of
the membrane caused water to flow from the outside of the fiber
(feed side) through the membrane pores to the inside, thus
becoming filtered (treated) water. The vacuum applied
corresponds to the trans-membrane pressure for the system.

A simplified process schematic of the ZeeWeed process is shown
in Figure 42. The system operated in continuous mode with no
recirculation flow in this study.
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Figure 42. Process Flow Schematic for ZeeWeed System
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The undesired accumulation of foulants at the outside surface of
the fibers is controlled by:

e Continuous or periodic introduction of air below the surface of
the module to cause agitation of the fibers and scour
suspended solids form the surface of the membrane, thereby
mechanically removing the foulants

e Periodic backwashing of the membranes (reverse flow of
filtered water through the pores from inside to outside)

e When the permeate-side vacuum becomes excessive, the
membranes are chemically cleaned with chlorine, citric acid, or
other chemical agents

Table 37 provides an operational description and summary of
settings for ZeeWeed testing in direct filtration mode. As
indicated in the table, the system was operated at a recovery of 90
percent for the duration of testing. Further, the air scrub was
operated in a cyclic mode, whereby air scrubbing was cycled on
and off at 10 second intervals.

To restore productivity of the membrane systems (reduced as a
result of fouling) recovery cleans were performed. For the
ZeeWeed membrane, two separate cleans were required for an
effective recovery clean. The first clean was a chlorine clean and
the second was a citric acid clean.
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Table 37. Operational Description and Settings for ZeeWeed Direct Filtration

Testing

Parameter Zenon
Driving Force Filtrate Suction
Fiber Diameter 1.9 mm
Module Dimensions Length = 29" Width = 9" Height = 79"
Nominal Pore Size 0.04 micron
Module Surface Area (External) 660 sq.ft

Run Duration

Production for 15 minutes

Backpulse

Reverse flow for 15 seconds

Air Scrub

Cyclic diffused air @ 15 scfm (10-sec cycling interval)

Waste Stream

Continuous bleed from process tank at 90% Recovery

Typical Recovery Clean Solution - Chlorine

1000 mg/L as Cl, (backpulse), 250 mg/L as Cl, (soak)

Typical Recovery Clean Solution - Citric Acid

Citric acid 4 g/L (backpulse), 1 g/L (soak)

Coagulant

Ferric Sulfate

The goal for cleaning interval frequency was 4 to 6 weeks based
on Zenon and CH2M HILL recommendations. A recovery clean
was initiated based on trans-membrane pressure (TMP) loss of

6 psi assuming an initial TMP of 3 psi and a terminal TMP of 9
psi. Based on these limitations, the acceptable rates of daily TMP
loss ranged from 0.21 psi/Zday to 0.14 psi/day (4 and 6 week

cleaning intervals, respectively).

A clean was performed by first draining the process tank. Sodium
hypochlorite was applied to 80 L of water in the backpulse tank to
achieve a solution concentration of 1,000 mg/L as Cl,. This
solution was backpulsed through the membrane for 30 seconds
followed by a 60 second relaxation (pause). This was continued
until the solution was drained from the backpulse tank at which
point the process tank was filled with water, resulting in a 250
mg/L as Cl, soak solution for the membrane. After two hours, the
water was recirculated through the system to evaluate the TMP
recovery and was again shut down. This was repeated every hour
for approximately 2 to 4 hours more.

Once no additional TMP recovery was possible due to the
chlorine clean solution, the tank was drained and flushed. The
process was then repeated with a 4 g/L citric acid solution in the
backpulse tank resulting in a 1 g/L soak solution. Further, the pH
of the backpulse solution as well as the soak solution was reduced
to 2 using hydrochloric acid.
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For recovery of TMP during normal operation, maintenance
cleans were performed. Maintenance cleans were similar to
recovery cleans; however, the membrane was not allowed to soak
in the solution. Rather, the membrane was placed back into
production after the cleaning solution had been pumped through
the membranes.

Testing Summary

Table 38 summarizes the Zenon operating parameters during
direct filtration testing. The testing was conducted from
September 29, 2001 to October 25, 2002. During the testing, two
coagulation optimizations and one flux optimization were
performed. During Phase 1A, the pretreatment evaluation, a flux
of 20, was tested. For the remaining phases of testing, alternative
fluxes and various maintenance cleaning regimens were
evaluated. Maintenance cleans were performed to recover
pressure and extend membrane cleaning intervals.

Table 38. Operating Parameters for Direct Filtration Testing of the Zenon
500-C Ultrafiltration

Target Target
Date Description Flux Recovery Maiclgllt::nasnce
(gfd) (%)
09/29/01 - 10/24/01 Coagulation Optimization 20 90 None
10/15/01 - 12/19/01 Treatment Verification 20 90 None
02/07/02 - 02/27/02 Coagulation Optimization 20 90 None
02/27/02 - 03/20/02 Flux Optimization Various 90 None
03/21/02 - 03/25/02 Flux Verification 25 90 None
04/02/02 - 04/12/02 Flux Verification 25 90 Aeration
04/15/02 - 04/27/02 Flux Verification 25 90 Chlorine (1000 ppm)
04/27/02 - 05/23/02 Flux Change 20 90 Chlorine (1000 ppm)
05/30/02 - 06/11/02 Flux Change 25 90 Chlorine (200 ppm)
06/12/02 - 06/14/02 Flux Verification 25 90 None
06/15/02 - 06/20/02 Flux Change 20 90 Chlorine (100 ppm)
06/20/02 - 07/05/02 Flux Change 25 90 Chlorine (100 ppm)
07/06/02 - 07/09/02 Flux Change 20 90 Chlorine (100 ppm)
07/09/02 - 10/26/02 Production Various 90 NA

Figure 43 is a simplified process schematic for direct filtration
testing of the Zenon 500-C UF pilot unit. Ferric sulfate and either
sodium hydroxide or sulfuric acid (depending on raw water
alkalinity and coagulant dosage) were applied to the raw water
prior to the flocculation tank. Following coagulation/flocculation
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the water flows into the membrane tank containing the
ultrafiltration membranes. The UF permeate was then
chloraminated with sodium hypochlorite and ammonium
hydroxide.

Figure 43. Process Schematic for Direct Filtration Testing of the Zenon 500-C
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Performance Testing

Performance testing of the Zenon pilot unit in direct filtration
mode started in September 2001 and continued until October
2002. During the testing, two coagulation optimizations, a flux
evaluation, and membrane verification testing were conducted.

Coagulation Optimization

Two coagulation optimizations were performed during testing.
The first was performed at the start of Phase 1A, the pretreatment
evaluation. The second was performed at the start of Phase 1B,
the single element RO evaluation.

The goal of the coagulation optimization was to maximize
organics removal and minimize dissolved iron in the UF
permeate. When coagulating with iron salts, a lower pH will
generally have a better organic removal efficiency. However, the
iron is more soluble at a low pH, resulting in a higher level of
dissolved iron in the permeate. When using conventional
clarification processes, coagulation can be performed at a low pH,
which achieves optimum organic removal. After clarification
with conventional processes, the pH can be increased to decrease
soluble iron levels prior to filtration.

However, with ZeeWeed direct filtration, coagulation and
filtration occur in a single tank, and only a single pH condition
can be achieved. When optimizing the ZeeWeed direct filtration
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process, the pH was first optimized to achieve a total iron
concentration below 0.05 mg/L in the membrane permeatell. The
next step was to optimize the coagulant dosage to achieve
optimum NOM removal. NOM levels were based on UV
color parameters.

and

254

The Phase 1A optimization was performed from September 29,
2001 to October 24, 2001. The optimization occurred during the
rainy season when the raw water was characterized by higher
than average levels of NOM, color, and UV,,, and lower than
average salt levels. Average UV,,, and color levels were 1.53
abs/cm and 463 Pt-Co, respectively. ZeeWeed operating
conditions were an average flux of 20 gfd and recovery of 90
percent.

On September 29, 2001, the pH optimization began using a
coagulant dosage of 87.2 mg/L ferric sulfate. Different pH levels
were tested ranging from 5.0 to 6.0. Figure 44 summarizes the pH
optimization for Phase 1A. The top, middle, and bottom of the
figure are divided into total iron concentration, UV,,, level, and
color level as a function of coagulation pH. A pH between 5.8
and 6.0 was required to achieve a total permeate iron
concentration of 0.05 mg/L. As expected, the color and UV,,,
levels increased with increasing pH. Based on the results of the
pH optimization, a coagulation pH of 5.8 was selected.

In order to determine the optimum coagulant dosage for color
and UV,,, removal, it was necessary to evaluate higher coagulant
dosages. Figure 45 summarizes the results of the coagulant
optimization. During this evaluation, the pH was held constant
with a target value of 5.8 based on the pH optimization. Based on
the online pH data, the average pH was 5.8 and ranged from 4.3
to 6.6. Iron, UV,,,, and color are plotted as a function of coagulant
dosage. Coagulant dosages ranged from 109 mg/L to 218 mg/L.
As expected, higher removals of UV,,, absorbance and color were
achieved at higher coagulant dosages. Based on the results of the
coagulant optimization, a coagulant dosage of 218 mg/L was
selected as the optimum dosage for testing during the
pretreatment evaluation.

g goal of 0.05 mg/L iron was selected to minimize RO membrane fouling
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Figure 44. Total Iron, UV,,,, and Color for Phase 1A pH Optimization Testing
on Zenon 500C Ultrafiltration of Coagulated Lake Monroe Water
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Figure 45. Total Iron, UV,,,, and Color for Phase 1A Coagulant Dosage
Optimization Testing on Zenon 500C Ultrafiltration of Coagulated Lake Monroe
Water
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Phase 1B optimization occurred during the dry season when the
raw water was characterized by lower than average levels of
NOM, color, and UV, and higher than average TDS and
conductivity. The Phase 1B coagulation and pH optimization was
performed from February 10, 2002 to February 21, 2002. During
the Phase 1B optimization, average UV,,, and color levels were
0.95 abs/cm and 255 Pt-Co, respectively. These levels were
significantly lower than the average levels from Phase 1A.
Average flux was 20 gfd and the recovery for the ZeeWeed unit
was 90 percent.

The pH optimization was performed on February 10 to 11, 2002 at
a coagulant dosage of 131 mg/L ferric sulfate. Different pH levels
were tested. These ranged from 5.0 to 6.0. Figure 46 summarizes
the pH optimization for Phase 1B. The top, middle, and bottom of
the figure are divided into total iron, UV,,,, and color as a
function of coagulation pH. As the figure illustrates, a pH of
approximately 5.6 was required to achieve a total permeate iron
concentration of 0.05 mg/L. Again, as expected, the color and
UV, removals decreased with increasing pH. Based on the
results of the pH optimization, a coagulation pH of 5.6 was
selected for further testing.

Figure 47 summarizes the results of the coagulant optimization.
In Figure 47, iron, UV,,, and color are plotted as a function of
coagulant dosage. As the figure illustrates, coagulant dosages
ranged from 87 mg/L to 174 mg/L. During this evaluation, pH
was held constant with a target value of 5.6 based on the pH
optimization. Based on online pH data, average pH was 5.6 and
ranged from 5.4 to 5.8. Based on the results of this coagulant
optimization, a coagulant dosage of 153 mg/L was selected for
testing during Phase 1B. This dosage was the lowest dosage at
which a negligible amount of additional UV254 removal could be
achieved. As expected, this dosage is lower than the dosage
determined during the Phase 1A optimization (218 mg/L) due to
the lower color and UV, levels in Phase 1B as well as higher
conductivity, resulting in an additional compression of the
electrical double layer and more efficient coagulation.
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Figure 46. Total Iron, UV254, and Color for Phase 1B pH Optimization Testing
on Zenon 500C Ultrafiltration of Coagulated Lake Monroe Water
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Figure 47. Total Iron, UV,,,, and Color for Phase 1B Coagulant Dosage
Optimization Testing on Zenon 500C Ultrafiltration of Coagulated Lake

Monroe Water
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Flux Optimization

In order to maximize the productivity from the Zenon membrane,
during Phase 1B a flux optimization was performed. The
optimization was performed at a ferric sulfate dosage of 153
mg/L and a coagulation pH of 5.7

The results of the flux optimization are summarized in Table 39
and Figure 48. Table 39 provides the temperature, flux, and
permeability for the optimization testing. Linear regressions were
performed using the TMP, permeability, and temperature
corrected permeability data to estimate the daily change in these
parameters. These trends are also presented in Table 39.

Table 39. Performance Trends for Zenon 500C Ultrafiltration Flux
Optimization Testing on Coagulated Lake Monroe Water

Average | Average | Normalized | TMP | pormcanilty ;%’2522?;“;‘*
Date ermeability

Cc) i) | (@ra@20°c) | @psiiday) | (@rapsi) |40 | (arapsi (Agf@ff(’;igay
02/27/02 - 03/03/02 16.4 29.2 31.8 0.89 4.5 -0.62 6.1 -0.74
03/06/02 - 03/10/02 18.6 25.9 26.8 0.16 3.8 -0.12 3.9 -0.21
03/14/02 - 03/19/02 22.8 25.7 23.9 0.26 4.1 -0.18 3.8 -0.21

As Figure 48 illustrates, the flux optimization began at a net flux
of 30 gfd on February 27, 2002. The linear regression of the TMP
data suggests a TMP increase rate of 0.89 psi/day. This suggested
unstable membrane performance, as the cleaning interval was
calculated to be approximately 1.5 weeks.

On March 6", 2002, the target flux was reduced to 25 gfd. As
Table 39 shows, the TMP increased at a rate of 0.16 psi/day
during the next four days and a corresponding cleaning interval
of more than 4 weeks. From March 14th to 20th,2002, the rate of
TMP increase was 0.26 psi/Zday which also suggests a cleaning
interval of more than 4 weeks. Both runs at the target flux of 25
gfd suggested stable membrane performance.

Based on the results of the flux optimization, a target flux of 25
gfd was selected for further testing during Phase 1B.
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Figure 48. Flux, TMP, and Permeability for Zenon 500C Ultrafiltration
Optimization Testing on Coagulated Lake Monroe Water
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Verification Testing

After the optimizations during Phase 1A and Phase 1B,
verification testing was conducted. The Phase 1A testing was
conducted from November 11, 2001 to December 19, 2001.
Following the next coagulation and flux optimization in Phase 1B,
verification testing was conducted from March 21, 2002 to
October 26, 2002. Table 40 summarizes the average temperature,
flux, and permeability results, respectively, of this testing. Table

40 also summarizes the trends in TMP, permeability, and
normalized permeability. To determine these trends, linear
regressions were performed using TMP, permeability, and
normalized permeability data. The average daily TMP change
provides an indication of cleaning interval.

Table 40. Performance Summary for Zenon 500C Ultrafiltration Testing on

Coagulated Lake Monroe Water

Average | Average | Normalized TMP " Temperature
Run Temp Flux Flux Change Permeability Correct-e.d «
No. Date Permeability

o | @ | @aazoc) |@psiday| @iapsi | 4R | grapsi | @RS

1 11/26/01-12/19/01 22.7 21.0 19.7 0.02 7.2 -0.04 6.7 -0.05
2 03/21/02-03/25/02 22.6 26.2 24.6 0.43 6.7 -0.83 6.3 -0.78
3 04/02/02-04/12/02 23.2 25.9 24.0 0.31 4.4 -0.24 4.1 -0.21
4 04/15/02-04/27/02 27.0 25.8 21.7 0.27 4.5 -0.26 3.8 -0.26
5 04/27/02-05/23/02 28.7 20.3 16.5 0.00 3.1 0.00 25 0.01
6 05/30/02-06/11/02 29.8 26.2 20.9 0.38 5.8 -0.21 4.6 -0.19
7 06/12/02-06/14/02 29.8 255 20.0 0.63 5.6 -0.88 4.4 -0.69
8 06/15/02-06/20/02 29.3 21.2 16.8 -0.01 5.2 -0.02 4.1 -0.01
9 06/20/02-07/05/02 28.6 25.4 20.6 0.04 4.0 -0.03 3.2 -0.02
10 | 07/06/02-07/08/02 28.6 19.3 15.6 -0.03 3.3 0.07 2.7 0.04
11 | 07/09/02-10/26/02 29.7 16.3 12.9 NA 2.3 NA 1.8 NA

* Negative values indicate a loss of permeability

To further illustrate data trends, Figures 49, 50, 51, and 52

illustrate flux, TMP, and permeability as a function of date (from
November 2001 to October 2002). Linear regressions were
performed on the TMP and the permeability data and are also
illustrated in these figures.

Run No. 1 was conducted from November 26, 2001 to December
20, 2001 during the initial pretreatment evaluation. As Table 38
illustrates, the target flux was 20 gfd and recovery of 90 percent.
No maintenance cleans were used during this run.
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Figure 49 summarizes the data collected during this initial
pretreatment evaluation. During this run, the average flux was
21.0 gfd, slightly higher than the target flux. As Table 40
suggests, the average temperature during this initial testing phase
was 22.7°C resulting in a normalized flux of 19.7 gfd.

As the trend line in Figure 49 illustrates, the average daily TMP
increase was 0.02 psi/Zday. This suggests stable membrane
performance and indicates a cleaning interval much greater than 6
weeks.

The testing ended in December 2001 for data analysis and
development of testing protocols for the next phase of testing.
The testing was restarted in February 2002 with a coagulation and
flux optimization previously described. Based on the results of
this flux optimization, a flux of 25 gfd was selected for testing
beginning in March 2002.

Flux verification testing was conducted from March 21, 2002 to
April 27, 2002 using a target flux of 25 gfd (test Run Nos. 2-4).
Based on the results summarized in Table 40, the average flux was
26.2 gfd. Figure 50 summarizes the flux, TMP, and permeability
data collected during the flux verification testing. During Run

No. 2 from March 21, 2002 to March 25, 2002, there was an average
daily TMP increase of 0.43 psi/day indicating an unacceptable rate
of fouling and an average permeability loss of 0.83 gfd/psi per day.

The ZeeWeed unit was shut down on March 27, 2002 and restarted
April 2, 2002. During Run No. 3, the pilot plant had the same rapid
increase in TMP. To reduce the rate of fouling, several different
approaches were tested. The first method of reducing the TMP
increase was overnight aeration of the membrane with the permeate
pump de-energized (relaxation) which occurred on April 9, 2002.
The aeration decreased the TMP by approximately 2 psi. However,
when the pilot was restarted, the TMP again increased rapidly. This
resulted in a TMP increase of 0.31 psi/day, 0.12 psi/day less than
that observed in the previous run. However, the overnight
relaxation decreased online production. Further, the rate of TMP
increase still resulted in a cleaning interval of less than 4 weeks.

On April 12, 2002 at the conclusion of Run No. 3, a recovery clean
was initiated. Run No. 4 was initiated on April 15, 2002. The
average flux during this run 25.8 gfd. As illustrated in Figure 50,
the TMP again increased at an unacceptable rate. To slow the rate of
fouling, a chlorine maintenance clean was performed on April 20,
2002. During the maintenance clean, a 1,000 mg/L as CI, solution
was backpulsed through the membrane. The maintenance clean
resulted in a TMP reduction of approximately 2.2 psi (see Figure 50).
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Figure 49. Flux, TMP, and Permeability for Zenon 500C Ultrafiltration Initial
Verification Testing on Coagulated Lake Monroe Water (Phase 1A); Run No. 1
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Figure 50. Flux, TMP, and Permeability for Zenon 500-C Ultrafiltration 25 gfd
Verification Testing on Coagulated Lake Monroe Water; Run Nos. 2-4
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As Figure 50 suggests, there was a high degree of variability in
flux after April 25, 2002. This resulted in TMP increases. The
reject pump, responsible for pumping solids from the process
tank, malfunctioned twice resulting in increases in flux due to an
increased solids concentration in the process tank. Following
these malfunctions, the tank was deconcentrated (drained) and
restarted. On April 25, 2002 and April 26, 2002, full tank
deconcentrations were performed. As a result of the maintenance
clean and the deconcentrations, a daily TMP loss of 0.27 psi/day
was achieved suggesting that maintenance cleans and tank
deconcentrations would be an effective way of controlling fouling
on the membrane.

However, the rate of TMP loss during Run No. 2, 3, and 4 resulted
in a cleaning interval less than 4 weeks, suggesting an
unacceptable fouling rate at a flux of 25 gfd.

Due to the unacceptable fouling rates at 25 gfd, the flux was
reduced to 20 gfd and a new maintenance cleaning regimen was
started. As Table 38 indicates, deconcentrations and chlorinated
maintenance cleans at 200 mg/L as Cl, were performed to reduce
the rate of fouling.

Generally, the maintenance cleans were performed every other
day (3 per week), with tank deconcentrations being performed on
the days maintenance cleans were not performed (2 per week). In
Figure 51, maintenance cleans are represented by triangles in the
TMP portion of the figure, while tank deconcentrations are
represented by circles in the TMP portion of the figure.

The average flux during Run No. 5 was 20.3 gfd. The linear
regression suggests an average TMP change of -0.002 psi/day,
which would indicate a decrease in TMP. The daily permeability
loss was 0.002 gfd/psi per day. The daily change in temperature
corrected permeability was 0.01 gfd/psi per day.

A full clean was not conducted prior to the start of this filter run.
Only chlorinated maintenance cleans were performed.
Chlorinated maintenance cleans are generally effective at
removing organic and microbial matter from the membrane
surface and pores, but are not effective at removing iron foulants
(oxides). The ability of the chlorinated cleans to effectively
control fouling suggest the iron oxides were released from
membrane surface when the organics were oxidized.
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Figure 51. Flux, TMP, and Permeability for Zenon 500-C Ultrafiltration 20 gfd
Verification Testing on Coagulated Lake Monroe Water; Run No. 5
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Figure 52 illustrates the results of five different runs (Run Nos.
6-10) conducted at nominal fluxes of 20 gfd and 25 gfd and at
different maintenance clean regimens. During this testing,
comparisons were made between filtration runs both with and
without maintenance cleans performed. Again, maintenance
cleans and tank deconcentrations are represented by triangles and
circles, respectively.

Prior to the start of this testing, a full clean of the membrane
system was performed.

Run No. 6 was conducted from May 30, 2002 to June 11, 2002.
During this run, the average flux was 26.2 gfd. This increased flux
was based on the results of Run No. 5 which had an acceptable
fouling rate at 20 gfd. During this run, chlorinated maintenance
cleans at a concentration of 200 mg/L as Cl,, were performed
every other day with deconcentrations performed on the off days
for maintenance cleans. As the figure suggests, the daily TMP loss
was 0.38 psi/Zday resulting in a cleaning interval of approximately
2 weeks, a high and unacceptable rate of fouling.

Prior to the start of Run No. 7, a recovery clean was performed on
the membrane. Run No. 7 was conducted from June 12, 2002 to
June 14, 2002, at an average flux of 25.5 gfd. No maintenance
cleans were performed during this run. As a result, the TMP rate
of increase was 0.63 psi/day, 0.25 psi/day higher than when
maintenance cleans were performed resulting in an unacceptable
clean-in-place (CIP) frequency of approximately 1.5 weeks.

Due to the high rate of fouling, the average flux was decreased to a
target flux of 20 gfd. During Run No. 8 (June 15, 2002 to June 20,
2002), the average flux was 21.2 gfd resulting in a decrease of TMP
(0.01 psi/Zday), suggesting very stable membrane performance.

Run No. 9 lasted from June 20, 2002 to July 5, 2002, during which
the rate of TMP increase was 0.04 psi/day at an average flux of
25.4 gfd and a normalized flux of 20.6 gfd. During this run, citric
acid maintenance cleans were performed. During this run, 100
mg/L chlorine maintenance cleans were performed and
deconcentrations were performed.

For Run No. 10, the target flux was again reduced to 20 gfd with
no maintenance cleans or tank deconcentrations performed. This
run was very brief (July 7, 2002 and July 8, 2002). TMP decreased
at a rate of 0.03 psi/day. The average flux was 19.3 gfd with a
normalized flux of 15.6 gfd.
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Figure 52. Flux, TMP, and Permeability for Zenon 500-C Ultrafiltration Extended
Verification Testing on Coagulated Lake Monroe Water; Run Nos. 6-10
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Results for Run Nos. 8 and 10 demonstrate that a flux of 20 gfd
can be effectively used. During Run Nos. 6 and 7, a flux of 25 gfd
resulted in an unacceptable cleaning interval, while Run No. 9
resulted in an acceptable cleaning interval.

As Table 40 suggests, Run No. 11 included the remainder of Zenon
testing on coagulated Lake Monroe water. This run, from July 9,
2002 to October 26, 2002, was at an average flux of 16.3 gfd, with
maintenance cleans no longer being performed. The purpose of
the testing was to produce feed water for the RO membranes.
Therefore, the data as a function of time are not presented.

Water Quality Summary

Tables 41 and 42 summarize the results from daily sampling of
raw water and Zenon permeate, respectively. This data set is for
the period September 2001 to October 2002. These tables
summarize average, maximums, minimums, standard deviation,
and coefficient of variance for each parameter including turbidity,
apparent color, and UV,,,.

The data in Table 41 is a subset of the data summarized in Table 13.
During the Zenon 500-C coagulated water testing, raw water
apparent color ranged from 115 Pt-Co to 520 Pt-Co with an average
of 294 Pt-Co. Average UV,,, during testing was 1.070 abs/cm and
ranged from 1.715 abs/cm to a minimum of 0.424 abs/cm which
occurred during a heavy rain event. Average conductivity was 85.0
S/m and ranged from 31.3 S/m to 185.9 S/m.

Table 41. Raw Water Quality for Zenon 500-C Ultrafiltration Testing on
Coagulated Lake Monroe Water

Parameter Units Average Max Min Sfe?/?:t?(;i CO\?::S;Q; of
pH 7.2 8.3 5.8 0.4 0.05
Temperature (°c) 26.2 317 14.7 4.1 0.16
Alkalinity (mg/L as CaCOg) 61 115 37 10 0.17
Turbidity (NTUL) 45 58.6 0.8 2.1 0.46
Conductivity (S/m) 85.0 185.9 31.3 42.8 0.50
Apparent Color (Pt-Co) 294 520 115 101 0.34
UV,s54 (abs/cm) 1.070 1.715 0.424 0.354 0.33

Table 42 also summarizes the ferric sulfate dosages used during
ZeeWeed direct filtration testing. For discussion, ferric sulfate
dosages are presented as pure ferric sulfate. Average ferric
sulfate dosages for the Zenon process were 174 mg/L and ranged
from 153 mg/L to 218 mg/L.
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The average coagulation pH was 5.8 for testing as measured in
the flocculation/coagulation tank. Because the Zenon process has
an aeration system to assist in solids removal from the membrane
system, continual air stripping of the water occurs resulting in
removal of CO, from the water and a subsequent increase in pH.
The average filtered water pH for testing was 6.6.

Average ultrafiltered water apparent color and UV,,, were 8 Pt-Co
and 0.142 abs/cm, respectively. Turbidity ranged from 0.078
NTU to 0.034 NTU with an average of 0.045 NTU. Particle counts
ranged from 200 counts/ml to 0 counts/ml with an average of

9 counts/ml. Generally, the maximum particle count and
turbidity levels corresponded with pilot unit startups and were
likely the result of air or insoluble iron in the permeate.

Table 42. Zenon Permeate Water Quality for Zenon 500-C Ultrafiltration

Testing on Coagulated Lake Monroe Water
Parameter Units Average Max Min S;?/?;?;?] CO&;Z:EE; of
Ferric Dosage Pure (mg/L) 174 218 153 13 0.08
Coagulation pH 5.8 7.3 35 0.3 0.06
Filtered pH 6.6 7.9 5.0 0.5 0.08
Alkalinity (mg/L as CaCOs,) 9 32 2 6 0.62
Turbidity (NTU) 0.045 0.078 0.034 0.006 0.13
Particle Counts (#/mL) 9.0 200.0 0.0 9.8 1.09
Apparent Color (Pt-Co) 8 61 0 10 1.17
UV, (abs/cm) 0.142 0.467 0.034 0.069 0.48
Iron (mg/L) 0.085 0.547 0.000 0.099 1.17

Table 43 summarizes and Figure 53 illustrates the average
turbidity, apparent color, and UV,,, removal from the raw water
by the Zenon process. As Table 43 and Figure 43 illustrate, the
turbidity removal was 99.0 percent, the apparent color removal
was 97.2 percent, and the UV, removal was 86.7 percent.

254

Table 43. Average Turbidity, Apparent Color, and UV254 Removals for Zenon
500-C Ultrafiltration Testing on Coagulated Lake Monroe Water

Parameter Units Raw Filtered Cumulative Removal
Turbidity (NTU) 4.5 0.045 99.0%
Apparent Color (Pt-Co) 294 8 97.2%
UVss, (abs/cm) 1.070 0.142 86.7%
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Figure 53. Raw and Filtered Water Quality Levels for Zenon 500-C
Ultrafiltration Testing on Coagulated Lake Monroe Water
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Table 44 summarizes the verification testing results for the

various fluxes and cleaning regimens previously described. This
table summarizes process temperature, TMP, flux, and
permeability. They also provide the permeate turbidity and

particle counts during the various filter runs.

Table 44. Operation Summary for Zenon 500-C Ultrafiltration Testing on
Coagulated Lake Monroe Water (all results are averages)

RUN Temp TMP Turbidity Pcirjir?:: Flux Permeability
No. Date
(°C) (psi) (NTU) | #mL) | (gfd) |(9fdz00c)] (gfd/psi)| (gfd/psizoc)
1 11/26/01-12/19/01 22.7 29 0.045 2.1 21.0 19.7 7.2 6.7
2 03/21/02-03/25/02 22.6 4.0 0.040 2.5 26.2 24.6 6.7 6.3
3 04/02/02-04/12/02 23.2 6.0 0.039 4.3 25.9 24.0 4.4 4.1
4 04/15/02-04/27/02 27.0 6.0 0.039 4.3 25.8 21.7 4.5 3.8
5 04/27/02-05/23/02 28.7 6.7 0.039 5.2 20.4 16.5 3.1 25
6 05/30/02-06/11/02 29.8 5.8 0.040 4.5 26.2 20.9 5.8 4.6
7 06/12/02-06/14/02 29.8 4.6 0.038 4.8 25.5 20.0 5.6 4.4
8 06/15/02-06/20/02 29.3 4.1 0.039 2.6 21.2 16.8 5.2 4.1
9 06/20/02-07/05/02 28.6 6.5 0.040 5.4 25.4 20.6 4.0 3.2
10 | 07/06/02-07/08/02 28.6 5.9 0.043 4.4 19.3 15.6 3.3 2.7
11 | 07/09/02-10/26/02 29.7 7.5 0.048 17.2 16.3 12.9 2.3 1.8

Figure 54 illustrates the coagulation pH, turbidity, and particle
counts during the Phase 1A initial pretreatment evaluation (Run
1) from November 26, 2001 to December 20, 2001. These results
illustrate that coagulation pH was well controlled during this
operating period. Further, the permeate was of consistently high
quality based on turbidity and particle counts. As Table 44
indicates, average turbidity for this run was 0.045 NTU with
average particle counts of 2.1 counts/ml.

Figure 55 illustrates the turbidity, particle counts, and coagulation
pH for Run Nos. 2, 3, and 4. As Table 44 indicates, the average
turbidities ranged from 0.040 to 0.039 during the three separate
runs. Average particle counts ranged from 2.5 counts/ml to 4.3
counts/ml. These levels were achieved at average fluxes ranging
from 25.8 gfd to 26.2 gfd for the three runs. Again, these results
illustrate that coagulation pH was well controlled during this

operating period.
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Figure 54. Turbidity, Particle Counts, and pH for Zenon 500-C Ultrafiltration
Initial Pretreatment Evaluation Testing on Coagulated Lake Monroe Water; Run 1
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Figure 55. Turbidity, Particle Counts, and pH for Zenon 500-C Ultrafiltration 25
gfd Flux Verification Testing on Coagulated Lake Monroe Water (Run Nos. 2-4)
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Figure 56 illustrates the coagulation pH, turbidity, and particle
counts for Run 5. This figure illustrates that coagulation pH was
well controlled during this operating period. As Table 44
suggests, the average turbidity during this evaluation period was
0.039 NTU with average particle counts of 5.2 counts/ml. These
levels were achieved at an average flux of 20.4 gfd.

Figure 57 illustrates the turbidity, particle counts, and coagulation
pH for Run Nos. 6 to 10. Average fluxes for these runs ranged
from 26.2 gfd to 19.3 gfd. Average turbidity during these runs
ranged from 0.038 NTU to 0.043 NTU, while average particle
counts ranged from 2.6 to 5.4 counts/ml. As the figure illustrates,
there were high particle count deviations from June 16, 2002 to
June 22, 2002. These deviations were likely due to soluble iron in
the system following a maintenance clean or contamination in the
degassing tank prior to the turbidimeter and particle counter.

Conclusions

Based on the results of testing conducted during the period
September 2001 to October 2002, the design parameters were
developed for the ZeeWeed 500-C membrane operating in direct
filtration mode treating coagulated Lake Monroe water. The
design conditions summarized in Table 45 represent the
recommended flux and operating conditions.

Table 45 suggests a design flux of 20 gfd with a recovery of 90
percent. These operating parameters resulted in a cleaning
interval of greater than 6 weeks. In particular, data from
November 26, 2001 to December 20, 2001, suggests that the system
was operated at 20 gfd with a projected cleaning interval of
greater than 6 weeks.

Generally, maintenance cleans were not needed to maintain an
acceptable cleaning interval. However, from April 28, 2002 to
May 26, 2002, maintenance cleans were performed 3 times per
week to reduce the cleaning interval to an acceptable level.

Higher fluxes were evaluated during testing; however, these
higher fluxes were determined to have higher than acceptable
fouling rates based on a 4 to 6 week cleaning interval.
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Figure 56. Turbidity, Particle Counts, and pH for Zenon 500-C Ultrafiltration
20 gfd Verification Testing on Coagulated Lake Monroe Water (Run No. 5)
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Figure 57. Turbidity, Particle Counts, and pH for Zenon 500-C Ultrafiltration
Extended Verification Testing on Coagulated Lake Monroe Water (Run Nos. 6-10)
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Table 45. Design Parameters for a ZW 500-C Membrane Plant Treating
Coagulated Water

Parameter Units ZW-500
Instantaneous Flux gfd 20
Recovery % 90%
"Backwash/pulse duration Seconds 15
||Production Duration Minutes 15
Maintenance Clean (during times of high Tank Drain One Tank Deconcentration per Day
fouling) Clean 200 mg/L Cl , Every other day
||Recovery Cleaning Interval Weeks 6 weeks (10/10 cyclic aeration)
Recovery Clean - Chlorine Backpulse 1000 ppm
Soak 250 ppm
Duration 4-6 hours
Recovery Clean - Citric acid Backpulse 4g/L
Soak lg/L
Duration 4-6 hours

Actiflo Clarification - Zenon Ultrafiltration

Testing was conducted using the Zenon 500-C UF membrane as
an alternative to dual media filtration for polishing the Actiflo
clarified effluent. The goal was to develop performance data that
could be used to estimate design conditions for the ZeeWeed 1000
(ZW-1000) UF membrane system. The ZW-1000 unit is a more
cost effective membrane system for treatment of low solids
clarified water.12

Based on the results of testing and previous side-by-side
comparisons of the Zenon ZW-1000 and the Zenon 500-C
membranes, design parameters were developed for the Zenon
ZW-1000 for use in a full scale design.

Equipment Description

ZeeWeed is a low-energy membrane treatment system that
consists of hollow fiber UF modules immersed in a process tank
containing the raw water being treated. The ZeeWeed hollow
fiber membrane has a 0.04-micron nominal and a 0.1-micron
absolute pore size. These pore characteristics ensure that no
particulate matter exceeding 0.1 microns in size, including
Cryptosporidium oocysts and Giardia cysts, can pass through the
membrane to the treated water stream. The loose, hollow fiber

12 Testing was conducted using the ZeeWeed 500-C unit as a ZeeWeed 1000 pilot unit was not available.
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membranes are arranged in an assembly known as a “module” by
connecting the fibers at both ends. During treatment, a vacuum is
applied to the inside (lumen side) of the fibers at each end of the
module. The resulting difference in pressure across the wall of
the membrane caused water to flow from the outside of the fiber
(feed side) through the membrane pores to the inside, thus
becoming filtered (treated) water. The vacuum applied
corresponds to the TMP for the system.

A simplified process schematic of the ZeeWeed process is shown
in Figure 58.

Figure 58. Process Flow Schematic for ZeeWeed System; Clarified Water Testing
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The system operated in both continuous and batch mode in this
study (no recirculation flow).

The undesired accumulation of foulants at the outside surface of
the fibers was controlled by:

e Continuous or periodic introduction of air below the surface of
the module to cause agitation of the fibers and scour
suspended solids form the surface of the membrane, thereby
mechanically removing the foulants

e Periodic backwashing of the membranes (reverse flow of
filtered water through the pores from inside to outside)
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e When the permeate-side vacuum becomes excessive, the
membranes are chemically cleaned with chlorine, citric acid, or
other chemical agents

Table 46 is an operational description and summary of the
settings for ZeeWeed testing on the clarified water. As indicated
in the table, the system operated at a recovery of 95 percent in
both continuous and batch mode. In batch mode, the unit did not
have a continuous reject stream, but rather, had tank drains and
rinses every 4 hours to remove accumulated solids from the

process tank.

Further, the air scrub was operated in a cyclic mode, whereby air
scrubbing was cycled on and off at 10 second intervals. Further,
during air flow optimization, the air scrubbing was cycled on and
off at 10 seconds onto 30 seconds off.

To restore productivity of the membrane systems (due to fouling),
recovery cleans were performed. For the ZeeWeed membrane,
two separate cleans were required for an effective recovery clean.
The first clean was a chlorine clean and the second was a citric

acid clean.

Table 46. Operational Description and Settings for ZeeWeed Clarified

Water Testing

Parameter Zenon
Driving Force Filtrate Suction
"Fiber Diameter 1.9 mm
"Module Dimensions Length = 29" Width = 9" Height = 79"
"Nominal Pore Size 0.04 micron
"Module Surface Area (External) 660 sq.ft

Continuous Mode

Filtration

15 minute run duration

Solids Removal

Continuous bleed from process tank at 95% Recovery

Backpulse 15 seconds reverse flow of ZW filtrate
Batch Mode
Filtration 15 minute run duration

Solids Removal

Tank drain and rinse after 4 hours of filtration (95% Recovery)

Backpulse

15 seconds reverse flow of ZW filtrate

Air Scrub (on/off in seconds)

Cyclic diffused air @ 15 scfm (10/10 or 10/30)

Typical Recovery Clean Solution - Chlorine 1000 mg/L as Cl, (backpulse), 250 mg/L as Cl, (soak)

Typical Recovery Clean Solution - Citric Acid  |Citric acid 4 g/L (backpulse), 1 g/L (soak)
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A clean was performed by first draining the process tank. Sodium
hypochlorite was applied to 80 L of water in the backpulse tank to
achieve a solution concentration of 1,000 mg/L as Cl,. This
solution was backpulsed through the membrane for 30 seconds
followed by a 60 second relaxation (pause). This was continued
until the solution was drained from the backpulse tank at which
point the process tank was filled with water, resulting in a 250
mg/L as Cl, soak solution for the membrane. After two hours, the
water was recirculated through the system to evaluate the TMP
recovery and was again shut down. This was repeated every hour
for approximately 2 to 4 hours more.

Once no additional TMP recovery was possible due to the
chlorine clean solution, the tank was drained and flushed. The
process was then repeated with a 4 g/L citric acid solution in the
backpulse tank resulting in a 1 g/L soak solution. Further, the
pH of the backpulse solution as well as the soak solution was
reduced to 2 using hydrochloric acid.

For the recovery of the TMP during normal operation,
maintenance cleans were performed. Maintenance cleans were
similar to recovery cleans; however, the membrane was not
allowed to soak in the solution. Rather, the membrane was
placed back into production after the cleaning solution had been
pumped through the membranes.

The goal for cleaning interval frequency was 4 to 6 weeks based
on Zenon and CH2M HILL recommendations. A recovery clean
was initiated based on TMP loss of 6 psi assuming an initial TMP
of 3 psi and a terminal TMP of 9 psi. Based on these limitations,
the acceptable rates of daily TMP loss ranged from 0.21 psi/day
to 0.14 psi/day (4 and 6 week cleaning intervals, respectively).

Testing Summary

The Zenon 500-C was tested using Actiflo clarified effluent from
November 2002 to January 2003. During testing different fluxes,
operating modes, maintenance cleaning regimens, and aeration
modes were tested to optimize operating conditions for the ZW
500-C.

Table 47 summarizes the operating parameters for clarified water
testing on the ZW 500-C. As the figure illustrates, fluxes of 30
gfd, 35 gfd, and 40 gfd were evaluated. The first flux evaluation,
30 gfd, was tested from November 11, 2002 to November 15, 2002.
Based on the favorable results at 30 gfd, higher fluxes were
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evaluated. A flux of 35 gfd was tested under various operating
parameters from November 15, 2002 to December 16, 2002. To
determine the maximum operating flux, a flux of 40 gfd was
evaluated from January 10, 2003 to January 16, 2003.

Two modes of operation were tested on the pilot system,
continuous and batch modes. The continuous mode represents
the normal operating mode for the ZW-500-C. The batch mode is
the normal operating mode for the ZW-1000. In a continuous
mode, the system was operated for 15 minute runs with 15 second
backpulses. To remove accumulated solids in the process tank,
solids were pumped out of the system at a constant flow rate to
achieve a recovery of 95 percent. In batch mode, the system
operated for 4 hours with no solids removal, was drained and
flushed to remove the solids, and returned to operation.

Aeration was tested at two different modes—10 seconds on/10
seconds off and 10 seconds on/30 seconds off. This was done to
optimize air requirements and reduce operating and capital costs.

Three different maintenance cleans were employed: no
maintenance cleans, chlorine maintenance cleans, and citric acid
maintenance cleans. Maintenance cleans are designed to oxidize
and/or dissolve organic or biological matter (chlorine clean) or
dissolve acid soluble material (citric acid cleans) and
subsequently extend membrane run time. In general,
maintenance cleans during testing were performed every other
day.

Table 47. Operating Parameters for Zenon 500-C Ultrafiltration Testing on
Actiflo Clarified Effluent

Target ; ;
RUN Flux Recovery . Cyc|.|c Maint. Chemical
Date Operational Mode Aeration Concen-
No. Cleans .
(gfd) (%) (on/off) tration

12 11/11/02-11/15/02 30 95 15 min run/15 sec backpulse 10/10 None NA

13 11/15/02-11/19/02 35 95 15 min run/15 sec backpulse 10/10 Chlorine 100 mg/L
14 11/19/02-11/22/02 35 95 15 min run/15 sec backpulse 10/10 | Citric Acid 1lg/L
15 11/22/02-12/02/02 35 95 15 min run/15 sec backpulse 10/30 | Citric Acid lg/L
16 12/02/02-12/20/02 35 95 Batch - 40 tank drains/week 10/30 | Citric Acid lg/L
17 01/10/03-01/16/03 40 95 15 min run/15 sec backpulse 10/10 | Citric Acid 1lg/L

The process schematic for clarified water testing of the ZW-500-C
unit is illustrated in Figure 59. Feed water to the ZW-500-C pilot
unit was Actiflo clarified effluent that was dosed with ammonia
and chlorine to form chloramines and the with sodium hydroxide
to increase pH to 6.5 to 7.5.
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Figure 59. Process Schematic for Zenon 500-C Ultrafiltration Testing on
Actiflo Clarified Effluent
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Performance

Table 48 summarizes the results for the average temperature, flux,
and permeability for the different operating conditions evaluated.
Linear regressions were performed on the pressure and
permeability data to estimate the rate of change in both TMP and
permeability for each run.

As Table 48 suggests, the rate of change in TMP ranged from -0.07
psi/Zday during Run No. 14 to +0.91 psi/day during Run No. 17a.
Negative TMP changes indicate a reduction in TMP. The rate of
change in temperature corrected permeability ranged from 0
gfd/psi per day (no change) during Run No. 14 to -0.80 gfd/psi
per day during Run 17b.

Table 48. Performance Summary for Zenon 500-C Ultrafiltration Testing on
Actiflo Clarified Effluent

Average | Average | Normalized TMP Permeability’ T(ér;]:)rzﬁteudre
RUN Date Temp Flux Flux Change Permeability*
No.

cc) @fd) | @fd@20°c) |(Apsiiday)| (gfdipsi) (Agdfg;‘)’s“ (gfdlpsi) (Aggézficl?ay

12 | 11/11/02-11/15/02 27.2 29.6 24.8 0.07 9.1 -0.21 7.6 -0.08
13 | 11/15/02-11/19/02 22.8 354 329 0.44 7.9 -0.70 7.4 -0.48
14 | 11/19/02-11/22/02 22.6 35.6 33.4 -0.07 6.9 0.06 6.5 0.00
15 | 11/22/02-12/02/02 20.7 35.3 34.8 0.21 5.4 -0.18 5.3 -0.14
16a | 12/02/02-12/09/02 20.4 35.2 35.0 0.34 6.2 -0.35 6.2 -0.31
16b | 12/16/02-12/20/02 19.2 35.5 36.2 0.24 5.0 -0.17 5.1 -0.25
17a | 01/10/03-01/12/03 15.4 38.5 425 0.91 4.7 -0.53 53 -0.60
17b | 01/15/03-01/16/03 15.4 38.5 43.1 0.69 6.2 -0.71 6.9 -0.80

* Negative values indicate a loss of permeability
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Figure 60 illustrates the change in flux, TMP, and permeability
during Run No. 12. The average flux was 29.6 gfd for this run
and the system was operated without maintenance cleans. The
average rate of change in TMP during this run was 0.07 psi/day.
Based on the calculated rate of change in TMP, a cleaning interval
of approximately 12 weeks was calculated.

Table 48 illustrates the flux, TMP, and permeability during testing
conducted at the target flux of 35 gfd, evaluated from November
15, 2002 to December 20, 2002. Five different operational
conditions were evaluated during Run Nos. 13 to 16b.

Figure 61 illustrates ZW-500-C performance at this flux.

During Run No 13, the average TMP loss was 0.44 psi/day
suggesting a cleaning interval of approximately 2 weeks. During
this run, 100 mg/L chlorine maintenance cleans were performed
to attempt to control the rate of fouling. Chlorine maintenance
cleans are represented by the dark squares on the TMP portion of
the figure.

Based on the low effectiveness of the chlorinated maintenance
cleans in controlling fouling, the cleaning chemical was changed
to citric acid (1 g/L) for Runs 14 to16b conducted from November
19, 2002 to December 20, 2002. Citric acid cleans are represented
by the dark triangles on the TMP portion of the figure.

During Run 14, the TMP actually decreased and there was only a
slight decrease in normalized permeability, as illustrated in
Figure 61.

During Run 15, in which aeration was decreased to 10 seconds
on/30 seconds off, TMP loss was 0.21 psi/day, equivalent to a
cleaning interval of approximately 4 weeks.

For Run No. 16, the operational mode was changed from
continuous to batch. During this run, a down time in operation
occurred from December 9, 2002 to December 16, 2002, due to a
malfunction of the blower unit. The data presented in Table 48
and Figure 61 is separated into two data sets for this set of
operating parameters—12/03/02 to 12/09/03 and 12/16/02 to
12/20/02—to account for this down time event (Run 16a and
16b).
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Figure 60. Flux, TMP, and Temperature Corrected Permeability for Zenon 500-C
Ultrafiltration Testing on Actiflo Clarified Effluent at 30 gfd (Run 12)
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Figure 61. Flux, TMP, and Permeability for Zenon 500-C Ultrafiltration Testing
on Actiflo Clarified Effluent at 35 gfd; (Run Nos. 13-16)
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During Run 16a, TMP loss was 0.34 psi/day suggesting an
unacceptable fouling rate and a cleaning interval of
approximately 2.5 weeks. However, during this 6 day run, only
one maintenance clean was performed, compared to the targeted
three. Thus, the fouling rate would most likely have been
significantly less had maintenance cleans been performed as
planned.

Performance during Run 16b suggests a fouling rate of 0.24
psi/day, resulting in a cleaning interval of approximately 3.5
weeks. During this four day run, only one maintenance clean was
performed on December 18, two days into the filter run. Again,
had the additional maintenance clean been performed as planned,
the fouling rate would have been lower.

Figure 62 presents the flux, TMP, and permeability for Zenon 500-
C UF testing on Actiflo clarified effluent. The final set of tests
conducted with the ZW-500-C on clarified water was conducted at
a target flux of 40 gfd. The pilot unit was operated in a
continuous mode with 15 minute filter runs and 15 second
backwashes at a 95 percent recovery and 10/10 cyclic aeration.
This testing was divided into two separate runs. The first run,
Run No. 17a, was performed from January 10, 2003 to January 12,
2003. Based on the results of Run No. 17a, a CIP was performed
and a second run, Run No. 17b, was performed to validate the
results of the first run. A 1 g/L citric acid maintenance clean was
performed during each run, equivalent to once every other day.

The daily TMP loss for Run 17a was 0.91 psi/Zday. Values close to
this high rate were also observed during Run No. 17b. During the
second run, following the CIP, the daily pressure loss was 0.69
psi/day, suggesting a cleaning interval of just over 1 week. This
rate of fouling clearly indicates that operation at a flux of 40 gfd
would be unacceptable for a full scale design.

Water Quality Summary

Tables 49, 50, and 51 summarize the results for the daily sampling
and analysis of raw, Actiflo clarified, and Zenon streams,
respectively. The data is for the period November 11, 2002 to
January 16, 2003, and includes average, maximum, minimum,
standard deviation, and coefficient of variance for each water
guality parameter. In addition, Table 50 summarizes the
coagulation dosage and pH data for the Actiflo process while
Table 51 summarizes the filtration pH of the ZeeWeed 500-C.
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Figure 62. Flux, TMP, and Permeability for Zenon 500-C Ultrafiltration Testing
on Actiflo Clarified Effluent at 40 gfd (Run No. 17a and 17b)
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During the ZW 500-C clarified water testing, average UV, of raw
water during testing was 0.920 abs/cm, while average
conductivity was 69.4 S/m. During this evaluation, the raw water
UV, was higher than average and the conductivity was lower
than average suggesting rainy season conditions for testing.

Table 49. Raw Water Quality for Zenon 500-C Ultrafiltration Testing on
Actiflo Clarified Effluent

Parameter Units Average Max Min S;E\l/?:t?(;i CO\ZTEEZE of
pH 7.0 7.4 6.4 0.2 0.03
Temperature (°C) 18.7 25.5 13.5 3.4 0.18
Alkalinity (mg/L as CaCOg) 62 105 19 19 0.31
Turbidity (NTU) 5.9 16.4 2.2 1.7 0.29
Conductivity (S/m) 69.4 86.5 44.8 11.6 0.17
Apparent Color (Pt-Co) 246 371 201 31 0.12
UVas, (abs/cm) 0.920 1.018 0.772 0.070 0.08

Table 50 summarizes the ferric sulfate dosages for the Actiflo
process during the ZW 500-C evaluation. For this discussion,
ferric sulfate dosages are presented as pure ferric sulfate. As the
table indicates, the average ferric sulfate dosages for the Actiflo
process were 144 mg/L and ranged from 173 mg/L to 116 mg/L.

Average polymer dosages during testing were 0.31 mg/L and
ranged from 0.45 mg/L to 0.25 mg/L. Cytec® Superfloc® C-1592
PG a medium charge density cationic polymer was used for
treatment. It should be noted that cationic polymer can cause
membrane fouling. The potential impact of polymer carryover on
membrane performance was not directly evaluated during this
testing.

The average coagulation pH was 4.2 for testing, resulting in an
average soluble iron concentration to the Zenon 500-C of 0.78
mg/L. This concentration is very high and most likely was the
cause of the high fouling rates observed.

Average apparent color and UV,,, after clarification were 9 Pt-Co
and 0.068 abs/cm, respectively. Turbidity ranged from 1.42 NTU
to 0.18 NTU with an average of 0.31 NTU.
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Table 50. Actiflo Clarified Water Quality for Zenon 500-C Ultrafiltration
Testing on Actiflo Clarified Effluent

Parameter Units Average Max Min Ste?/?:t?;?] COS;?;ZSS; of
Ferric Dosage (pure) (mg/L) 144 173 116 17 0.11
Polymer (mg/L) 0.31 0.45 0.25 0.06 0.19
Coag pH 4.2 5.2 3.7 0.3 0.07
Turbidity (NTU) 0.31 142 0.18 0.12 0.41
Iron (mg/L) 0.78 125 0.37 0.21 0.26
Apparent Color (Pt-Co) 9 21 3 3 0.40
UVys4 (abs/cm) 0.068 0.083 0.054 0.008 0.12

As Table 51 shows, the average permeate turbidity was 0.041 NTU
and ranged from a maximum of 0.154 NTU to 0.025 NTU. The
maximum turbidity level corresponded with a startup of the pilot
system and was the result of either insoluble iron or air in the
permeate following startup.

Average particle counts ranged from 0.0 counts/mL to 90.5
counts/mL with an average of 2.9 counts/mL. Again, as with the
turbidity, the maximum particle count level corresponded with a
startup of the pilot unit and was likely the result of air or
insoluble iron in the permeate.

Table 51. Zenon Permeate Water Quality for Zenon 500-C Ultrafiltration
Testing on Actiflo Clarified Effluent

Parameter Units Average Max Min Ste?/?:t?;?] CO\?;?ESSL of
pH 6.8 7.6 6.2 0.5 0.07
Alkalinity (mg/L as CaCOy) 25 51 15 7 0.26
Turbidity (NTU) 0.041 0.154 0.025 0.005 0.12
Particle Counts (#/ml) 29 90.5 0.0 5.8 1.98
Apparent Color (Pt-Co) 1 5 0 2 1.05
UVas, (abs/cm) 0.085 0.099 0.069 0.008 0.09
Iron (mg/L) 0.034 0.091 0.000 0.029 0.86
Total Cl, (mg/L as Cl,) 3.344 5.450 1.100 1.401 0.42

Table 52 summarizes and Figure 63 illustrates the removal of
turbidity, apparent color, and UV,,, removal by Actiflo
clarification, ZW 500-C, and cumulative removal by both
processes.

Cumulative turbidity removal was 99.3 percent, the cumulative
apparent color removal was 99.4 percent, and the cumulative
UV, was 90.8 percent. The table suggests an increase in UV,,,
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through the ultrafilter following clarification. Average clarified
UV, was 0.068 abs/cm and the average filtered UV,,, was 0.085
abs/cm, an increase of 25 percent. However, the average pH of
the Actiflo clarified water was 4.2 and the average pH of the
Zenon permeate was 6.8. This increase is most likely the result of
the higher ZeeWeed permeate pH, as UV,,, measurement is pH
dependant.

Table 52. Average Turbidity, Apparent Color, and UV254 Removals for Zenon
500-C Ultrafiltration Testing on Actiflo Clarified Effluent

Averages Removals
Parameter Units — -
Raw Clarified | Filtered C'T:;’ivﬁtg d Clgrlltz(:: dto C;(renn::/tglle
Turbidity (NTU) 5.9 0.31 0.041 94.8% 86.7% 99.3%
Apparent Color (Pt-Co) 246 9 1 96.5% 82.9% 99.4%
UVy5, (abs/cm) 0.920 0.068 0.085 92.6% -25.2% 90.8%

Table 53 provides an operational summary of the ZW 500-C
during clarified water testing. The table summarizes average
temperature and permeate particle counts and turbidity. The
table also provides the flux, permeability, and temperature
corrected flux and permeability.

As Table 53 indicates, temperatures decreased steadily during the
testing period, causing temperature corrected flux to increase
from 24.8 gfd to 43.1 gfd. All results are presented as averages.

Table 53. Operation Summary for Zenon 500-C Ultrafiltration Testing on
Actiflo Clarified Effluent

RUN Temp TMP | Turbidity I(D:?)rljl:tlg Flux Permeability
No. Date
o) (psi) (NTU) | (#mL) (gfd) [ (gfdzo0c) | (gfd/psi) | (gfd/psizooc)

12 | 11/11/02-11/15/02 27.2 3.3 0.055 NA 29.6 24.8 9.1 7.6
13 | 11/15/02-11/19/02 22.8 4.6 0.043 NA 35.4 329 7.9 7.4
14 | 11/19/02-11/22/02 22.6 5.2 0.039 2.7 35.6 334 6.9 6.5
15 | 11/22/02-12/02/02 20.7 6.7 0.039 1.2 35.3 34.8 5.4 5.3
16a | 12/02/02-12/09/02 20.4 5.6 0.041 3.2 35.2 35.0 6.2 6.2
16b | 12/16/02-12/20/02 19.2 7.1 0.041 7.8 35.5 36.2 5.0 5.1
17a | 01/10/03-01/12/03 15.4 7.8 0.038 3.7 38.5 42.5 4.7 53
17b | 01/15/03-01/16/03 154 6.2 0.039 1.8 38.5 43.1 6.2 6.9
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Figure 63. Raw, Clarified, and Filtered Water Quality Levels for Zenon 500-C

Ultrafiltration Testing on Actiflo Clarified Effluent

‘ORaw & Clarified AFiItered‘
12 -
. °
-] 9 ®
= [ ] Y
£ o ° °
g ) ) () ®
= 6 L o ... i.
©
é ® i o [ .. o
>
~ 3 ° o
O, 4000 ‘“
11/10/02  11/20/02  11/30/02  12/10/02  12/20/02  12/30/02 1/9/03 1/19/03
350
280 1— L 0o o
S ° o ®Wet” % o o® og%%
I 210 P %
o
S 140 -
o
O
70
*
o ke slatt 2ol ettt eeer gop ; o AMMA |
11/10/02  11/20/02  11/30/02  12/10/02  12/20/02  12/30/02 1/9/03 1/19/03
1.2 4
° ° Qo.
—~ o0 ° () L)
£ 091 ® o« o %% o “ee o
> ® °
o]
8 0.6
ot
L0
N
> 03
o)
oo | AMAS ARMA 444 Max tee s ‘ A
11/10/02  11/20/02  11/30/02  12/10/02  12/20/02  12/30/02 1/9/03 1/19/03
Date

Surface Water Treatability and Demineralization Study

151




Pilot Testing

Figures 64, 65, and 66 illustrate turbidity and particle counts for the
30, 35, and 40 gfd ZW-500-C runs on clarified water (Run Nos. 12 to
17). Particle count data was not available during Run No. 12 at 30

gfd and Run No. 13 at 35 gfd due to a particle counter malfunction.

These figures illustrate that the permeate was of consistently high
quality based on turbidity and particle counts. As indicated in
Table 53, the average turbidity for these runs ranged from 0.038
to 0.055 NTU while average particle counts ranged from of 1.2 to
7.8 counts/ml.

Conclusions

Following the completion of pilot testing on clarified water,
Zenon in conjunction with CH2M HILL, developed recommended
parameters for full scale design of both ZW-500 and ZW-1000
equipment. The selection of the design parameters was based on:
e Clarified water quality during testing

e ZW-500-C performance results on clarified water

e Pilot studies where ZW-1000 and ZW-500 units were tested on
a common source water

e ZW-1000 pilot studies on feed water having similar quality to
that provided by Actiflo clarification of Lake Monroe water.

ZW-500-C Design Parameters

Table 54 summarizes the selected design criteria for ZW-500-C
operation of clarified water.

Table 54. Design Parameters for a ZW 500-C Membrane Plant Treating

Clarified Water
Parameter Units ZW-500
Instantaneous Flux ofd 35
[Recovery % 95%
"Backwash/pulse duration Seconds 15
"Production Duration Minutes 15
Maintenance Cleaning Routine Tank Drain One Tank Drain per Day
Backpulse 1 g/L Citric Acid Every Other Day
Recovery Cleaning Interval Weeks 6 Weeks (10/30 Cyclic Aeration)
9 Weeks (10/10 Cyclic Aeration)
Recovery Clean - Chlorine Backpulse 1000 ppm
Soak 250 ppm
Duration 4-6 hours
Recovery Clean - Citric acid Backpulse 4 g/lL
Soak 1g/L
Duration 4-6 hours
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Figure 64. Turbidity for Zenon 500-C Ultrafiltration Testing on Actiflo
Clarified Effluent at 30 gfd (Run No. 12)
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Figure 65. Turbidity and Particle Counts for Zenon 500-C Ultrafiltration
Testing on Actiflo Clarified Effluent at 35 gfd (Run Nos. 13-16)
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Figure 66. Turbidity and Particle Counts for Zenon 500-C Ultrafiltration
Testing on Actiflo Clarified Effluent at 40 gfd (Run No. 17)
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These criteria reflect a feed water having a high level of dissolved
iron and associated iron fouling.

Z\W 1000 Design Parameters

The Zenon ZW-1000 membrane is recommended for filtration of
clarified water. The operation and design parameters for a ZW-
1000 were simulated using the ZW-500-C membrane at the
recommendation of Zenon due to the unavailability of a ZW-1000
membrane pilot unit for testing. Since the Zenon ZW-500-C
membrane pilot was used for simulation of the ZW-1000 testing,
correlations were developed to formulate ZW-1000 design
parameters using the 500-C data developed in this study. Further,
information from other ZeeWeed studies, including side-by-side
comparisons between ZW-500-C and the ZW-1000, as well as ZW-
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1000 studies on similar waters were used for the correlations. All
correlations were provided by Zenon.

Zenon has performed three pilot studies with side by side testing
of ZW-1000 and ZW-500-C membranes on the same water source.
The key finding from these studies was, given the same feed water
guality conditions, the sustainable flux for the ZW-500 unit was
approximately 1.5 times higher than that for the ZW-1000 unit.

In addition, in studies using the ZW-1000 membrane conducted

on low turbidity feed waters (similar to that produced by Actiflo
clarification), CIP intervals of 4 to 6 weeks could be achieved by
operating at recoveries of 92 to 93 percent and fluxes of 23 to 30

gfd, depending on feed water temperature.

Table 55 summarizes the design conditions for a full scale ZW-
1000 system. This condition was the outcome after consideration
of several factors including the known feed water quality results,
optimized flux of 35 gfd for the ZW-500 pilot on clarified Lake
Monroe water, and conservative application of a flux
proportionality factor of 1.5 (between ZW-500-C and ZW-1000).

Table 55. Design Parameters for a ZW 1000C Membrane Plant Treating
Clarified Water

Parameter Units ZW-1000
Instantaneous Flux gfd 20
"Recovery % 92%
"Backwash/pulse duration Seconds 60
Maintenance Cleaning Routine Tank Drain 7 Tank Drains/Week
Backpulse 5 with 50 ppm NaOCI
Backpulse 2 with 1 g/L Citric Acid
Recovery Clean Interval Weeks 4 (T <60 °F)
6 (T > 60 °F)
Recovery Clean - Chlorine Backpulse 1000 ppm
Duration 4-6 hours
Frequency 10 Times/Year
Recovery Clean - Citric acid Backpulse 4 g/L (Adjusted to pH ~2)
Duration 4-6 hours
Frequency 10 Times/Year

Actiflo Clarification - Memcor Filtration

Testing was conducted using the Memcor CMF-S microfiltration
(MF) membrane as a second alternative to dual media filtration
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for Actiflo clarified effluent. Testing included operation at a
variety of flux rates and recoveries with the goal to optimize
membrane productivity and develop criteria for full scale design
of a Memcor MF plant.

Equipment Description

A simplified flow schematic of the Memcor CMF-S MF unit is
shown in Figure 67. The pilot unit was a fully automatic unit.
Major process parameters including flow, pressure, and
temperature were collected and stored in an integral data logger.

Feed water is pumped to the bottom of the membrane process tank
using a low-lift pump. The hollow fiber MF modules are suspended
in an atmospheric process tank. During filtration, water is drawn
through the membrane using pressure differential developed from
the suction of the permeate pump. Particulate matter greater than
0.1 =m are removed at the surface of the membrane using a sieving
filtration mechanism. The filtrate flow is maintained at a constant
rate independent of particle deposition on the membrane using a
variable frequency drive on the filtrate pump. A portion of the
microfiltered water is stored in a tank located within the skid
boundaries for use during the backwash step.

As particulate matter accumulates on the membrane surface, the
hydraulic resistance of the membranes increases, resulting in a
higher differential pressure. The unit automatically performs a
backwash to remove particulate matter, restoring the TMP. CMEF-
S uses a proprietary backwash process to remove particulate
matter from the surface of the membrane and purge the process
tank of accumulated particles. The CMF-S backwash consists of a
period of aeration within the membrane module fiber bundle to
loosen particulate matter on the membrane surface. The permeate
is pumped back through the membrane lumens and through the
fiber walls, displacing particulate matter from the membrane and
back into the bulk process tank water. A valve is opened at the
bottom of the process tank, which rapidly drains the process tank.

Over a period of time, some fouling of the membrane will occur
which can not be recovered by backwashing alone. As the TMP
approaches approximately 12 psi, a chemical clean-in-place
procedure is required to restore the TMP.

For surface applications, the clean-in-place procedure consists of
two parts: a citric acid based clean and a sodium hypochlorite
based clean.
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Figure 67. Process Flow Schematic for Memcor CMF-S System; Clarified

Water Testing

il

Table 56 summarizes the CMF-S operational settings during
testing. As the table indicates, filtration runs were 30 minutes in
duration with tank dumps and backwashes at the end of the run
for solids removal. Chlorinated maintenance cleans were
performed once per day at a concentration of 200 mg/L as Cl,.

Table 56. Operational Description and Settings for Memcor CMF-S

Clarified Water Testing

Parameter

Memcor

Driving Force

Filtrate Suction

||Fiber Diameter

0.8 mm OD/0.5mm ID

||Modu|e Dimensions

4.7" Diam; 46" L

||Nomina| Pore Size

0.1 micron

"Module Surface Area (External)

275 sq.ft/module

Batch Mode

Filtration

30 minute run duration

Solids Removal

Tank drain, backpulse, and air scour after 30 min run

Backpulse

Every 30 min during tank drain

Maintenance Clean

Once per day for 30 minutes; 200 mg/L as Cl,

Typical Recovery Clean Solution - Chlorine

400 mg/L as Cl,

Typical Recovery Clean Solution - Citric Acid

2% Citric acid
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Testing Summary

Table 57 summarizes the operating parameters employed during
Memcor CMF-S pilot testing which started January 16, 2003 and
concluded April 2, 2003. The Memcor CMF-S pilot unit was
operated in batch mode with backwashes every 30 minutes.
Automated maintenance cleans were performed once a day using
a 200 mg/L CI, solution.

Pilot testing consisted of evaluation of several different fluxes and
recoveries. Run 1 was conducted from February 2, 2003 to
February 12, 2003 at a target flux of 30 gfd and recovery of 93
percent. Based on favorable performance at this condition, a
target flux and recovery of 40 gfd and 94 percent, respectively,
was tested from February 13, 2003 to March 12, 2003. Finally, the
maximum design flux of 45 gfd and recovery of 95 percent was
evaluated during the final run (Run No. 3) from March 27, 2003 to
April 2, 2003.

Table 57. Operating Parameters for Memcor CMF-S Ultrafiltration Testing on
Actiflo Clarified Effluent

Target
Run Flux Recovery . .
No Date Operational Mode Maintenance Cleans
' (gfd) (%)
02/04/03 - 02/12/03 30 93 Batch - 30 min run w/backwash Chlorine - 200 ppm
02/13/03 - 03/12/03 40 94 Batch - 30 min run w/backwash Chlorine - 200 ppm
03/27/03 - 04/02/03 45 95 Batch - 30 min run w/backwash Chlorine - 200 ppm

The process schematic for clarified water testing of the Memcor
CMF-S unit is illustrated in Figure 68. Raw water flowed to the
Actiflo unit with effluent from the Actiflo unit serving as feed to
the CMF-S. Prior to the membrane treatment, sodium
hypochlorite and ammonium hydroxide were dosed to form
chloramines; sodium hydroxide was then fed to the
chloraminated water to adjust the pH to a target value of 7.0.
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Figure 68. Process Schematic for Memcor CMF-S Ultrafiltration Testing
on Actiflo Clarified Water
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The data presented are representative of a properly operated
Actiflo/Memcor CMF-S process. The following data collected
during non-representative periods are not included:

e Testing without pH adjustment of the Actiflo clarified effluent
o Actiflo operational upsets due to caustic feed problems

e Detachment of module end (air) caps, which increased fouling
due to loss of air scouring during backwashing

e Feed pump problems resulting in loss of flow or reduced flow

Because sufficient data on the performance of RO membranes
treating UF water had been generated during Zenon operation, no
RO testing was performed using CMF-S permeate.

Performance Summary

Table 58 summarizes the average temperature, flux, and
permeability results from testing. The rate of change values for
TMP and permeability were estimated by linear regression.

The rate of change in TMP ranged from -0.07 psi/day (negative
TMP indicates a reduction in TMP) during the Run No. 1 to +0.39
psi/day for Run No. 3. The permeability rate of change ranged
from +0.11 gfd/psi per day to -0.42 gfd/psi per day. The
temperature corrected permeability rate of change ranged from
+0.10 gfd/psi per day to -0.23 gfd/psi per day.
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Table 58. Performance Summary for Memcor CMF-S Ultrafiltration Testing on
Actiflo Clarified Water

. Temperature
Average | Average | Normalized TMP Permeability Corrected
Temp Flux Flux Change S
Run Date Permeability
No.
o o . .. | (Agfd/psi/ .. | (Agfd/psi/day
°C) (gfd) (9fd@20°C) | (Apsi/day)| (gfd/psi) day) (gfd/psi) @20°C)
1 02/04/03-02/12/03 14.9 31.6 35.7 -0.07 7.3 0.11 8.2 0.10
2 02/20/03-03/12/03 20.3 39.1 38.8 0.07 7.3 -0.10 7.3 -0.12
3 03/27/03-04/02/03 20.7 449 44.2 0.39 7.0 -0.42 6.8 -0.23

Figure 69 illustrates the flux, TMP, and permeability during the
30 gfd flux evaluation. The test lasted from February 4, 2003 to
February 12, 2003. As the figure demonstrates, there were several
interruptions during the filter run. A power surge and the loss of
operation of the external sump pump resulted in two shutdowns
on February 6, 2003 and February 7, 2003, respectively.

The TMP decreased at a rate of 0.07 psi/day suggesting a
decrease in the TMP required for filtration at an average flux of
31.6 gfd. The permeability increased at a rate of 0.11 gfd/psi per
day and the temperature corrected permeability increase was 0.10
gfd/psi per day. This suggests a decline in membrane fouling.

Prior to this run and during initial testing, operational problems
with the Actiflo system resulted in high turbidity/high soluble
iron feed water being fed to the CMF-S. As a result, the system
fouled rapidly, and a recovery clean was subsequently performed.
However, this clean may not have been completely effective and
permeability and TMP may have been recovered during daily
maintenance cleans and backpulses performed throughout this
run.

Figure 70 shows the changes in flux, TMP, and permeability
during Run 2, which occurred from February 20, 2003 to March
12, 2003. During this run, there were several interruptions in
operation. The unit shutdown on March 3, 2003 for several days
due to an automatic shutdown of the system (the automated
shutdown setting was not adjusted prior to the start of testing).
Three other shutdowns—March 9, 2003; March 10, 2003; and
March 11, 2003—occurred due to power surges. One air cap
detached around March 3 resulting in slightly decreased
backwash efficiency.
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Figure 69. Flux, TMP, and Permeability for Memcor CMF-S Ultrafiltration
Testing on Actiflo Clarified Effluent at 30 gfd (Run 1)
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Figure 70. Flux, TMP, and Permeability for Memcor CMF-S Ultrafiltration
Testing on Actiflo Clarified Effluent at 40 gfd (Run No. 2)
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The rate of TMP increase during this run was 0.07 psi/day. This
rate of TMP increase translates into an acceptable cleaning
interval of more than 6 weeks. Permeability loss rate was 0.10
gfd/psi per day with a loss in temperature corrected permeability

of 0.12 gfd/psi per day.

Figure 71 shows the changes in the flux, TMP, and permeability
during Run No. 3, which occurred from March 27, 2003 to April 2,
2003. The target flux during this run was 45 gfd.

The rate of TMP increase for this run was 0.39 psi/day, resulting
in an estimated cleaning interval of less than 3 weeks.
Permeability loss was 0.42 gfd/psi per day, while temperature
corrected permeability loss was 0.23 gfd/psi per day. The latter
value is twice the rate of loss measured during Run No. 2 and
indicated that 40 gfd is the appropriate design flux.

Water Quality Summary

Tables 59, 60, and 61 summarize the results of sampling and
analysis of raw, clarified, and CMF-S filtrate water quality,
respectively. The data was collected from February 4, 2003 to
April 2, 2003. Each table summarizes the average, maximum,
minimum, standard deviation, and coefficient of variance for each
water quality parameter. The coagulation dosage and pH for the
Actiflo process are summarized in Table 60, while Table 61
summarizes the filtration pH for the Memcor CMF-S process.

As Table 59 shows, during the Memcor CMF-S evaluation, the

average apparent color was 263 Pt-Co, average UV

254

was 0.938

abs/cm, and the average conductivity was 55.5 S/m. These
organic parameters were higher than average and the
conductivity was lower than average, suggesting the occurrence

rainy season conditions during testing.

Table 59. Raw Water Quality for Memcor CMF-S Ultrafiltration Testing on
Actiflo Clarified Effluent

Parameter Units Average Max Min SZ?:t?gi CO\?:rii:r?gé of
pH 7.0 7.2 6.4 0.2 0.02
Temperature (°C) 17.7 24.6 104 4.3 0.24
Alkalinity (mg/L as CaCOy) 40 80 19 15 0.37
Turbidity (NTU) 5.9 16.0 24 2.0 0.35
Conductivity (S/m) 55.5 67.0 41.2 6.4 0.12
Apparent Color (Pt-Co) 263 395 168 38 0.15
UV,s, (abs/cm) 0.938 1.145 0.455 0.126 0.13
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Figure 71. Flux, TMP, and Permeability for Memcor CMF-S Ultrafiltration

Testing on Actiflo Clarified Effluent at 45 gfd
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Table 60 summarizes the ferric sulfate dosages for the Actiflo
process during the Memcor CMF-S evaluation. All ferric sulfate
dosages are reported as pure (100 percent) ferric sulfate. As this
table illustrates, the average ferric sulfate dosages for the Actiflo
process were 128 mg/L and ranged from 69 mg/L to 289 mg/L.

The average polymer dosage during testing was 0.43 mg/L and
ranged from 0.25 mg/L to 0.75 mg/L. Two types of polymer were
tested during the evaluation, Cytec® Superfloc® C-1592 PG and Ciba
Magnafloc® LT22S. Both polymers were a medium charge density
cationic polymer. Note that cationic polymer can cause membrane
fouling. The potential impact of polymer carryover on membrane
performance was not directly evaluated during this testing.

®

The average coagulation pH was 4.2 for testing, resulting in an
average soluble iron concentration to the Memcor CMF-S
membrane of 1.10 mg/L.

The average apparent color and UV,,, after clarification were 5
Pt-Co and 0.078, respectively. Turbidity ranged from 0.22 NTU to
2.89 NTU with an average of 0.55 NTU.

Table 60. Actiflo Clarified Water Quality for Memcor CMF-S Ultrafiltration
Testing on Actiflo Clarified Effluent

Parameter Units Average Max Min Sfa?/?gt?(;i Co\?;frigsztte of
Ferric Dosage (pure) (mg/L) 128 289 69 78 0.27
Polymer (mg/L) 0.43 0.75 0.25 0.13 0.29
Coag pH 4.2 7.4 2.9 0.4 0.09
Turbidity (NTU) 0.55 2.89 0.22 0.29 0.52
Iron (mg/L) 1.10 1.21 0.93 0.09 0.08
Apparent Color (Pt-Co) 5 22 1 4 0.79
UV, (abs/cm) 0.078 0.317 0.055 0.037 0.47

Table 61 shows that the average permeate turbidity was 0.038
NTU and ranged from a maximum of 0.322 NTU to 0.032 NTU.
The maximum turbidity level corresponded with the startup of
the pilot system and resulted from either insoluble iron or air in
the permeate following startup.

Average particle counts ranged from 0.0 counts/mL to 10.0
counts/mL with an average of 0.6 counts/mL. Again, as with the
turbidity, the maximum particle count level corresponded with a
startup of the pilot unit and likely resulted from air or insoluble
iron in the permeate.
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Table 61. Memcor CMF-S Permeate Water Quality for Memcor CMF-S
Ultrafiltration Testing on Actiflo Clarified Effluent

Parameter Units Average Max Min SL?/?:I?;?] CO\(/azTrii(;r?(r:]; of
pH 7.2 7.5 6.5 0.3 0.04
Alkalinity (mg/L as CaCO3) 25 40 3 8 0.31
Turbidity (NTU) 0.038 0.322 0.032 0.012 0.33
Particle Counts (#/ml) 0.6 10.0 0.0 1.2 1.97
Apparent Color (Pt-Co) 2 5 0 2 1.19
UVy54 (abs/cm) 0.089 0.099 0.075 0.006 0.07
Iron (mg/L) 0.043 0.091 0.000 0.033 0.76
Total Cl, (mg/L as Cly) 3.713 5.450 1.100 1.439 0.39

Table 62 presents the average removal of turbidity, apparent
color, and UV,,, by clarification, CMF-S MF, and the combined
clarification/MF process.

As Table 62 illustrates, the cumulative turbidity removal was 99.3
percent, the cumulative apparent color removal was 99.4 percent,
and the cumulative UV, removal was 90.5 percent. The table
suggests an increase in UV,,, through the ultrafilter following
clarification. Average clarified UV,,, was 0.078 abs/cm and the
average filtered UV,,, was 0.089 abs/cm, a difference of 0.011.
However, the clarified average UV,,, had a standard deviation of
0.037 abs/cm suggesting the difference between clarified and
filtered UV,,, is not statistically significant. Further, the average
pH of the Actiflo clarified water was 4.2 and the average pH of
the Memcor permeate was 7.2. This increase in UV,,, could be the
result of the higher CMF-S permeate pH, as UV,,, measurement is
pH dependant.

Table 62. Average Turbidity, Apparent Color, and UV254 Removals for Memcor
CME-S Ultrafiltration Pilot Testing on Actiflo Clarified Effluent

Averages Removals
Parameter Units - . Raw to Clarified to Cumulative
Raw Clarified | Filtered Clarified Filtered Removal
Turbidity (NTU) 5.8 0.55 0.038 90.4% 93.1% 99.3%
Apparent Color (Pt-Co) 263 5 2 98.2% 69.0% 99.4%
UV,s4 (abs/cm) 0.937 0.078 0.089 91.7% -14.1% 90.5%
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Table 63 summarizes the average temperature, filtrate particle
counts and turbidity, average flux and permeability as well as
temperature corrected flux and permeability for the three runs.

Due to the lower temperatures during the first run, the
normalized flux was 35.7 gfd compared to an actual flux of 31.6
gfd. The average temperatures during the second and third run
were nearly 20 °C; therefore, the normalized flux for these two
runs was approximately equal to the actual flux.

Table 63. Operation Summary for Memcor CMF-S Ultrafiltration Testing on
Actiflo Clarified Effluent

L Particle -
Run Temp TMP Turbidity Counts Flux Permeability
Date
No.
Q) (psi) (NTU) [ (#mL) | (gfd) | (9fdzo0c)( (gfd/psi)| (gfd/psizoc)

1 02/04/03-02/12/03 14.9 4.3 0.033 1.0 31.6 35.7 7.3 8.2
2 02/20/03-03/12/03 20.3 5.4 0.036 0.5 39.1 38.8 7.3 7.3
3 03/27/03-04/02/03 20.7 6.5 0.044 0.6 44.9 44.2 7.0 6.8

Figures 72, 73, and 74 illustrate changes in filtrate turbidity and
particle counts for Run No. 1, 2, and 3, respectively. The figures
illustrate the low turbidity and particle counts during Memcor
CMEF-S testing.

Membrane Integrity

To assess membrane integrity, pressure decay testing (PDTs) was
conducted. At the start of a PDT, the fiber lumens are drained
and are statically pressurized with low pressure air to
approximately 13.5 psi for 2 minutes, with the feed side open to
atmosphere. The rate of decay in pressure is calculated by
measuring pressure at the beginning and end of the 2 minute
period. A small pressure decay will result if all the membrane
pores are filled with water at the start of the test, there are no
broken fibers, and there are no O-ring or valve leaks. When these
conditions are met, the air flow across the membrane will be by
diffusion through the water filled pores or membrane wall. A
satisfactory PDT result is in the range of 0.2 psi/min.
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Figure 72. Turbidity and Particle Counts for Memcor CMF-S Ultrafiltration
Testing on Actiflo Clarified Effluent at 30 gfd (Run No. 1)
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Figure 73. Turbidity and Particle Counts for Memcor CMF-S Ultrafiltration

Testing on Actiflo Clarified Effluent at 40 gfd (Run No. 2)
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Figure 74. Turbidity and Particle Counts for Memcor CMF-S Ultrafiltration
Testing on Actiflo Clarified Effluent at 45 gfd (Run No. 3)
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Three PDTs were performed during the study. Table 64
illustrates the results of the PDTs and the estimated log removal
based on each result. As the table shows, the pressure decay rates
ranged from 0.13 psi/min and 0.21 psi/min. Based on the PDT
results, the estimated log removal was above 5 for each test.

Table 64. Pressure Decay Results for Memcor CMF-S Ultrafiltration Testing

Starting Pressure Ending Pressure Pressure Loss
Date Log Removal
(psi) (psi) (psi/min)
02/12/03 134 13.1 0.13 54
02/21/03 13.3 13 0.16 5.3
04/02/03 13.1 12.7 0.21 51
Conclusions

Table 65 summarizes the criteria for the full scale application of
Memcor CMF-S for treatment of clarified water, based on the pilot
testing results from January 2003 to April 2003.

The CMF-S pilot testing demonstrated that on properly clarified
water, a 6 week cleaning interval was possible at a flux of 39 gfd,
backwash interval of 30 minutes, and recovery of 94.3 percent.
Further, a daily maintenance clean using a chlorinated feed
solution of 200 mg/L as Cl, would be required.

Table 65. Design Parameters for a Memcor CMF-S Membrane Plant Treating
Clarified Water

Parameter Units CMF-S
Instantaneous Flux gfd 39
||Recovery % 94%
||Backwash Interval Minutes 30
||Cleaning Interval Weeks > 30 days
Cleaning Strategy Backpulse One Maintance Clean per Day
200 mg/L as Cl,
Recovery Clean - Chlorine Concentration 400 mg/L as Cl,
Recovery Clean - Citric acid Concentration 2% Cirtric Acid
Temperature 35-38 °C
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The polymer required for treatment with Actiflo, was a medium
charge density cationic polymer. It was not observed that use of
this polymer affected the membrane performance. Although, no
direct tests were conducted with polymer and flux rates, all of this
flux data used for this recommendation were collected in the
presence of polymer. However, in full scale implementation care
must be exercised to prevent overdosing of polymer in these units
that may cause unacceptable loss of membrane performance. The
use of the polymer was carefully monitored during this pilot
study. This also holds true for the Zenon 500-C pilot testing
conducted on Actiflo clarified water.

REVERSE OSMOSIS MEMBRANE TESTING

The previous sections have summarized the results and performance
of the high rate clarifiers and micro/ultrafilters in removing
organics and turbidity. As mentioned earlier, during this pilot
study, these pretreatments continuously provided treated water to
the RO membranes for desalting. The membrane performance data
in this section will be summarized from both the single element
membrane units as well as the high recovery pilot unit.

This section summarizes the performance of these membranes in
treating water provided from these pretreatment processes. The
membrane performance was assessed with regards to differential
and net driving pressure, salt passage, and net product flow. This
section will also provide the data and recommendations regarding
the most effective method of biofouling control on the membranes.

Testing will also be summarized regarding recommended product
recovery and membrane flux rates. Also, the results of different
chemical cleanings will be summarized as well as the resulting
membrane recovery after cleaning.

This testing occurred over 19 months with a variety of
combinations of the different pretreatments used in this study.
Phase 1 A was the only time in which all three pretreatments
provided water to the membranes side-by-side. For the
remaining phases, the pretreatment providing water to the
membranes depended on schedule and availability. However, all
three pretreatments (Actiflo, SuperP, and Zenon) were able to
provide pretreated water to the membranes in during the
remaining phases at different times based on availability. A
number of different combinations were evaluated during this
phased testing.
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Refer to the Pilot Timeline section of this report for information
regarding which membranes were tested with different
pretreatments, dates for the testing, conditions for the testing, as
well as process flow schematics for the testing.

Due to the variety of commercially-available nanofiltration (NF)
and RO membranes, a selection and screening process was
conducted to select the appropriate membranes to treat the water in
this study. The membrane screening and selection was conducted
by UCF on 25 different membrane types. The 25 membranes tested
were selected by UCF using manufacturer provide data.

The RO membranes tested included the following:

Osmonics SG Brackish Water Membrane

Hydranautics Low Fouling Composite (LFC1) Membrane
TriSep X-20 Membrane

Filmtec BW30FR Membrane

Filmtec BW30LE Membrane!3

The first four of the above membranes were selected from the flat
sheet testing conducted by UCF as previously discussed. Please
refer to the Flat Sheet Membrane Screening and Selection section of
this report for information on the selection process. The fifth
membrane was a conventional low energy fouling resistant
membrane. This membrane was added for testing to determine if
such a membrane type could be cost effectively operated on the
pretreated Lake Monroe water.

RO Pilot Testing

Table 66 presents the testing dates and field testing tasks
previously discussed. Preliminary single element testing using
only the X-20 and SG membranes to evaluate RO feasibility on the
two pretreatments (high rate clarification/granular media
filtration and UF) began on November 9, 2001.

The lead element selection testing using all four membrane types
started on April 8, 2002, after the analysis of data from the
pretreatment evaluation. The purpose of the lead element
evaluation was to test the four single elements selected during flat
sheet testing by UCF and rank each based on the performance and
response to operation on the two pretreated feeds.

13 The BW3OLE membrane is a conventional (non-fouling resistant membrane) having lower cost and energy
consumption compared to the other fouling resistant membranes. This membrane was not selected during the Flat
Sheet Membrane Screening and Selection previously discussed. Testing was performed on this membrane to
determine if such a membrane type could be cost effectively operated on the pretreated Lake Monroe water.
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Table 66. Membrane Field Testing Tasks and Goals Summary

Task Dates Evaluation Purpose
Hours

Evaluate effect of different pretreatments on
Pretreatment Evaluation 11/09/01-12/19/01 850 reverse osmosis membranes and select
pretreatment for further testing.

Evaluate 4 selected membrane types to rank and
determine best performing membrane for high
recovery testing. Evaluate non-oxiding biofouling
inhibitor.

Evaluate four selected membranes for additional
runtime to determine long term trends in operation
and performance. Evaluate non-oxiding biofouling
inhibitor.

Testing of lead element operating in a
multielement high recovery system. Also, evaluate
conventional non-fouling resistant membrane for
comparison.

Lead Element Selection 04/08/02-06/30/02 1750

Continued Single Element Eval. || 07/01/02-11/08/02 2300

High Recovery Testing 07/16/02-12/19/02 3050

Additional testing to evaluate cleaning intervals

Continued High Recovery Eval. || 01/17/03-04/02/03 1300
and long term performance of membranes.

Performance evaluation of new elements and an
Flux Evaluation 01/28/02-04/02/02 1250 element with 4800 hours of run time at increased
fluxes to compare trends in performance.

Following element testing and ranking, the single element testing
continued to determine membrane response to longer term
testing. This testing was important based on the unexpected
performance changes that occurred during the first 1,000 hours of
operation. These changes, which included increases in both NPF
and salt passage, and which were preliminarily attributed to
chloramines, resulted in the decision to evaluate a non-oxidizing
biofouling control chemical, BioGuard, as an alternative to
chloramines.

High recovery testing of the BW30FR at high recovery and X-20,
SG, and BW30LE membrane began on July 16, 2002 and
continued to December 19, 2002. To study the need for fouling
resistant membranes on the source water, a conventional non-
fouling resistant membrane was tested. The goal of this testing
was to determine if the higher cost/higher pressure, fouling
resistant membranes were necessary. During the high recovery
testing, BioGuard was again evaluated for controlling biological
fouling.

Additional high recovery testing was performed on AF/GF
effluent beginning in January 2003. This testing was conducted to
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deter-mine if higher than expected RO membrane fouling
experienced when the large RO unit operated for a short period
on AF/GF effluent during the High Recovery Testing period was
representative.

The last phase of RO testing included operation of the Filmtec
BW30FR membrane in single element units to compare performance
at two flux rates using both new and previously-operated elements.

For the purpose of RO membrane data reduction and analysis,
normalization equations from ASTM D4516, Standard Practice for
Standardizing Reverse Osmosis Performance Data, were used in
this report to evaluate changes in membrane element or system
product flow and salt passage. The normalized parameters used
included NPF and NSP. These directly represented the basic
membrane mass transfer water and salt transfer coefficients.
Additionally, the pressure drop coefficient (PDC) was used to
measure and track changes in the rate at which clogging of the
element or system of elements feed-concentrate spacer occurred.
The PDC is not defined by the ASTM standard but is, instead, a
parameter routinely used by the RO membrane suppliers for this
purpose. Definitions for these terms are presented in Appendix C.

RO performance data must be normalized to eliminate the
impacts of variations in feed water salinity and temperature as
well as variations in RO flux and recovery. By mathematically
accounting for these changes, the changes that occur in the
fundamental properties of the RO system with time as a result of
feed water quality characteristics can be quantified.

Single Element Membrane Testing

Table 67 provides a summary of the testing schedule for the single
element membranes, which included a pretreatment evaluation, a
lead element evaluation, continued single element evaluation, and
a flux evaluation. The table shows which RO membranes were
evaluated in each task and on what pretreatment they were
operated.

Only the TriSep X-20 and Osmonics SG were used for the
pretreatment evaluation. Single elements were used to compare
pretreatment system performance and determine if any of the
pretreatments would be eliminated based on poor membrane
performance. The membrane part of this evaluation began after
the pretreatments were optimized with respect to water quality
and filterability. The pretreatment evaluation started on
November 11, 2001 and continued to December 19, 2001.
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Table 67. Single Element Testing Schedule

Task and Pretreatment Dates F':'?;;isngf ;\I/:Ir;é?R TQ_SZ(;p Osrrgcgnlcs Hydlr_a;:nce:l;ncs

Pretreatment Evaluation 11/09/01-12/19/01

Actiflo-Media Filtration 11/09/01-12/17/01 850 XX XX

SuperP-Media Filtration 11/09/01-12/19/01 850 XX XX

Zenon Ultrafiltration 11/30/01-12/19/01 500 XX XX
Lead Element Selection 04/08/02-06/30/02

SuperP-Media Filtration 04/10/02-06/30/02 1700 XX XX XX XX

Zenon Ultrafiltration 04/08/02-06/30/02 1750 XX XX XX XX
Continued Single Element Eval. || 07/01/02-11/08/02

Zenon Ultrafiltration 07/01/02-10/25/02 2050 XX XX XX XX

SuperP-Media Filtration 07/01/02-09/23/02 1500 XX XX XX XX

Actiflo-Media Filtration 09/23/02-11/08/02 800 XX XX XX XX
Flux Evaluation 01/28/03-04/02/03

Actiflo-Media Filtration 01/28/03-04/02/03 1250 XX

The lead element selection testing was conducted from April 8,
2002 to June 30, 2002. Only the SP/GF and the ZN/UF were used
during this phase. Each pretreatment supplied the four single
elements. The elements were tested concurrently for a period of
approximately 1,700 hours. Data from the element testing was
analyzed with respect to the performance parameters described
previously and estimated cleaning interval. From this analysis, a
single membrane type was selected for further evaluation in the
two-stage high recovery system.

Testing with the eight single elements (four membrane types on
each pretreatment) continued from July 1, 2002 to November 8,
2002 to gain additional, important information on the longer term
impact of pretreated feed water. During this testing, the SP/GF
and ZN/UF were again used for pretreatment. SuperP was
replaced with Actiflo on August 23, 2002 to further evaluate
membrane performance on this high rate clarification process.

The final phase of single element RO testing comprised a flux
evaluation from January 28, 2003 to April 2, 2003 using the
Filmtec BW30FR membrane type operating on AF/GF effluent
only. During this testing period, two new and one previously
operated BW30FR elements were operated at the flux rates of 12
gfd (that were used in prior phases) and 15 gfd to assess the
impact of flux rate on fouling.
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Figure 75 is a flow schematic for the apparatus used for the single
element testing. The apparatus included measurement of
pressure of the membrane feed, concentrate, and permeate and
the differential pressure across the cartridge pre-filter. Feed,
permeate, concentrate, and recycle flow and feed water
temperature were also measured.

Figure 75. Single Element Apparatus Process Schematic
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Each single element was operated with the following target
conditions: 12 gfd flux, 13 percent element recovery and 70
system recoveryl4,

Flux and recovery were controlled using concentrate, permeate
and recycle valves.

Pretreatment Evaluation Phase
Testing Summary

Figure 76 presents the pretreatment evaluation process schematic.
The figure is divided into three sections: one each for Actiflo,
SuperP and Zenon, respectively. All pretreatments used ferric
sulfate as the coagulant. The SuperP and the Actiflo also required
polymer for coagulation/sedimentation. PAC was used with the
SuperP for blanket stabilization, taste and odor removal, and
additional organics removal. Effluent from SuperP and Actiflo
was treated by granular dual media filters for additional particle
removal. Effluent from each pretreatment served as feed water to
two single element units: one containing the X-20 membrane and
the other the SG membrane.

During this phase, the chloramines were dosed to the raw water
prior to each pretreatment so as to provide a common
chloramines concentration in the influent.

14 Element recovery is defined as permeate flow divided by feed flow; system recovery is defined as permeate
flow divided by the sum of permeate and concentrate flows.
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Figure 76. Pretreatment Evaluation Process Schematic
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In order to ensure continuous operation of the RO elements in the
event of pretreatment problems, effluent from each pretreatment
flowed to a dedicated 3,000 gallon break tank. This prevented
shutdown of the RO units when problems with the pretreatment
interrupted RO feed water flow.

Membrane Performance

Table 68 compares the treated water quality of the three
pretreatment systems. The average turbidity was 0.06 NTU for
both the Actiflo and SuperP effluents, and slightly less for the
Zenon permeate (0.05 NTU).

The total effluent/permeate chlorine concentrations (as Cl,)
averaged 3.3 mg/L for SuperP, 5.6 mg/L for Zenon, and 7.0 mg/L
for Actiflo, respectively. The total chlorine concentrations for the
SuperP were significantly lower due to chloramine adsorption/
neutralization by the PAC.

The addition of PAC to the SuperP also produced lower color and
UV, levels compared to the Actiflo. The UV, and color were
highest for the Zenon process due to the higher coagulation pH
(approximately 5.9). Actiflo and SuperP were able to achieve
significantly higher removals of color and UV, due to the lower
coagulation pH (approximately 4.5).

The silt density index (SDI) is a surrogate measure for the RO
feed water fouling potential, primarily for particle fouling. As
expected, Zenon permeate had the lowest average SDI of 3.2, as
the UF removes particles down to 0.04 microns. Average SDI’s
for the SP/GF and AF/GF were less than 4.0. All three
pretreatment trains achieved SDI’s lower than the RO
manufacturer’s recommended SDI of 5.0.

Table 68. Average Effluent/Permeate Quality for Three Pretreatment Systems
during Pretreatment E