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‘ SECTION 1-1. INTRODUCTION.

The Dare County Regional Water System operates a 1.0 MGD reverse osmosis (RO)
water treatment plant to serve the villages of Rodanthe, Waves and Salvo. The plant,
located in Rodanthe on Highway 12, takes its feed water from two brackish wells, one
located on the plant property, and the other located at the elevated water storage tank in
Rodanthe. The average water quality data for these two wells are shown in Table 1.1

below.
Table 1.1. Average Feed Water Quality
Cations, mg/1 Anions, mg/l
Calcium 12.0 Bicarbonate 598.3
Magnesium 18.3 Sulphate 12.9
Sodium 510.0 Chloride 515.8
Potassium 27.5 Fluoride 1.8
Strontium NR Nitrate 0.01
Barium NR Phosphate 0.25
Iron 0.06
‘ Manganese 0.03
UVv-254 0.210
TDS, mg/l 1324.2
Conductivity, pSms 2890
Color, PCU 9.0
TOC mg/1 6.9
pH 7.8
Temperature °C 18.8
Silica, mg/1 15.3

The RO plant consists of two trains, with provision for bypassing part of the wellwater
to blend with the RO permeate. Currently this blend is limited because of the presence
of a significant concentration of total organic carbon (TOC) in the feedwater. Although
the RO treatment process removes virtually all of the TOC, the blended water must
comply with state drinking water primary standards for trihalomethanes (THM) and
haloacetic acids (HAA), both of which are formed by the chlorination of organic matter
in the water. By removing the organic material in the blend water, the blend ratio could
be increased, thus increasing the plant’s capacity, and reducing the finished water
production cost.




In 2007, the Rodanthe-Waves-Salvo plant (RWS) experienced a peak day demand of
711,000 GPD for the first time since the plant was commissioned. This triggered the
state requirement for planning for plant expansion, which in turn led to the pilot plant
program. If the testing could demonstrate reliable and effective TOC reduction to a very
low level, together with some TDS reduction, the blend ratio could be increased
sufficiently to raise the finished water production capacity to 1.2 MGD.

To demonstrate the technical feasibility of using “loose” NF membranes to remove
TOC from the wellwater, and to develop design input for scale-up to full size, a pilot
test program was designed for the RWS location. The protocol can be reviewed in
Appendix A. Partway through the test, it became clear that the membrane selected, the
Koch SR-2, would not provide sufficient organics rejection to satisfy the primary goal
of the test program, which was to reduce the disinfection byproduct formation potential
of the blend water. Since the membranes that had been planned for the testing at the
Frisco sight, Koch’s TFCS membrane, was on hand, it was decided that these would be
loaded at RWS and be operated for the final ~ 800 hours of the test program.

This report tabulates the results of the test program, discusses the results of both the SR-
2 and TFCS tests, and provides some very preliminary ideas for integration of these
membranes into the existing RO system.




SECTION 1-2. PILOT PLANT SETUP.

The pilot plant was leased from Koch Membrane Systems. As delivered to the site at
RWS, it was equipped with six four-element pressure vessels arranged in a 2:2:1:1
array. In order to simulate full scale arrangement as accurately as possible, the first and
third stage vessels were loaded with three elements and a spacer, while the second and
fourth stage vessels were loaded with four elements. This arrangement simulates a 2:1
array using seven-element vessels. Such a full scale array was anticipated from
implementation and would permit permeate recovery up to 90% of the feedwater.

The initial membrane loading was done with the Koch SR-2 membrane. This membrane
is designed as a loose nanofiltration membrane with sodium chloride (NaCl) rejection of
10-30%, but good rejection of organics with a molecular weight of >300-400, and
divalent ions such as calcium, magnesium and sulphate. The membrane has a very high
specific flux or ~0.6 gfd/psi net. It was anticipated that if this membrane exhibited the
level of organics and dissolved mineral rejection needed to significantly increase the
blend ratio, the high specific flux would permit full scale system to be designed using
only well pressure to drive the system.

Since the pilot plant was equipped with both acid and scale inhibitor feed systems, an
existing tap on the raw water line for the RO plant, located after of the chemical
injection point, was used to supply feedwater to the pilot plant. The concentrate and
permeate were combined after all flow, pressure and conductivity measuring devices,
and discharged to the existing RO concentrate disposal piping.

Figure 1-1.  Pilot Plant Setup in the RWS Process Room.
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SECTION 1-3. DISCUSSION OF RESULTS.

As stated previously, the primary goal of the RWS pilot test was to evaluate the
potential for increasing the blend percentage by reducing the organics constituting
trihalomethanes formation potential (THMFP) and haloacetic acid formation potential
(HAAFP). The relatively high organic content of the RWS feedwater (9-10 mg/1
typical) is the controlling factor which currently limits the blend ratio to less than 10%.
Given the relatively low TDS of the raw water, absent the organics the blend ratio could
be increased, thus increasing the plant capacity. If the TDS, particularly sodium
chloride, is also reduced somewhat, increasing the blend ratio and plant capacity could
be achieved without significantly changing the mineral quality of the water currently
distributed to the three villages.

Tables 1-2 and 1-3 show the results of the pilot plant operation on permeate quality over
a twelve week period. It is clear from the data covering the first nine weeks of operation
of the pilot plant that the average organics removal by the SR-2 membrane was ~56%.
(Table 1-2) This is confirmed by inspection of the UV-254 results.

However, changing the membrane to a much tighter NF membrane, Koch’s TFCS,
showed organics rejection of almost 90%, again confirmed by UV-254 results. The
TOC concentrations can also be viewed graphically in Figure 1-2
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Figure 1-2. TOC Concentrations and Removal for SR-2 and TFCS
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Table 1-3 also compares feed and permeate concentrations for the common inorganic
ions. It will be noted that there is virtually no reduction in total dissolved solids with the
SR-2 membrane, but the TFCS membrane (weeks 10 through 12) gave about 68%
overall salt rejection. As expected, the rejection of divalent ions was high, and sodium
and chloride rejection was low. TDS rejection for both membranes is displayed
graphically in Figure 1-3.
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Figure 1-3. TDS rejection for SR-2 and TFCS Membranes

In terms of membrane process performance, both the SR-2 and TFCS membranes
performed well. This was expected, since the RO plant operation at this site has
historically been relatively trouble-free, particularly with respect to membrane fouling.
Consequently fouling of the pilot test membranes was not expected, and did not occur.

Figure 1-4 shows the SR-2 flux during the test. At approximately 500 hours, the flux
was increased, and remained stable for the remainder of the SR-2 test. The normalized
flux shows some oscillation possibly due to normalization anomalies, connected with
the apparent temperature variability, but the overall trend is flat.

14




16.00 -
14.00 -
12.00 W
10.00 - ‘\k/’\/
2
o
;’ 8.00
i Flux change
6.00 -
—e— Recorded Flux —s— Temperature Corrected Flux —e— Normalized Flux
4.00 -
2.00
0.00 L) T L) L) T L) L]
0 200 400 600 800 1000 1200 1400
Hours from start
Figure 1-4.  Fluxes. SR-2 Test
| 25 1
|
|
| J - 12
204 \V /JJ\
AVas 1o
(3]
g 157 g &
g T W W e e e e 8
E ®
8 FeedwaterpH| —* 2
8 -6 9
£ 10 1 w
(1]
-
Flux change| —
—e—Temperature —s— Feedwater pH L 4
5 -
- 2
0 L) L) L] T L] L] 0
0 200 400 600 800 1000 1200 1400
Hours from Start
‘ Figure 1-5. Temperature and pH. SR-2 Test

15




Figure 1-5 shows the temperature and pH during the test.

As mentioned earlier, the temperature showed some unexpected variability during the
test. The pH remained stable at about 7.8, with only a small decrease from natural pH
because of the small acid dose being applied to the feedwater. A decision not to increase
the acid dose was made when it became apparent that the SR-2 membrane was
exhibiting low TOC rejection, and additional sulphate ion was unlikely to improve the
rejection of TOC. Therefore, the small acid dose and scale inhibitor was added during
the SR-2 test, and also during the TFCS test, the latter because the good TOC rejection
did not warrant the additional sulphate ion addition, and resultant TDS reduction.

Figure 1-6 shows the system pressure during the SR-2 test, together with the net
pressure. The net pressure was calculated using the formula:

Pner = Preep— (ave + dP/2 + Pperm)
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Figure 1-6.  System and Net Driving Pressure, SR-2 Test

The assumptions made to calculate the osmotic pressure of the various flow streams are:

Feedwater Conductivity to TDS 0.4620
TDSton 0.0105

Concentrate  Conductivity to TDS 0.4617
TDS ton 0.011

Permeate Conductivity to TDS 0.4621
TDSton 0.01
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As with the flux data, it can be seen that both the feed pressure and the net pressure
demonstrate a flat trend, indicating a stable membrane performance.

Figures 1-7 through 9- display graphically for the TFCS test the process data previously
discussed for the SR-2 test. The raw data was normalized using the Koch software
“NormPro”, since the membrane type was listed in the data base of the software,
whereas the SR-2 membrane was not listed.
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Figure 1-7. Temperature and Recovery, TFCS Test

As can be seen, the recovery during the test was held at 85%. This would be the
minimum recovery to be incorporated into the design of a full scale RO plant addition,
because of the need to conserve well water. As in the SR-2 test, the temperature still
shows more variability than was expected from the operation of the RO plant. It is
possible that this variability was connected somehow to the temperature change within
the building, and its impact on the temperature of the water flowing in the PVC piping
connecting the pilot to the raw water source. While this temperature variation may
account for the oscillation in the normalized flux, it is expected that this will not impact
the full scale design.

Figure 1-8 shows the system and normalized flux for the TFCS test. The system flux
was held at a relatively high value for an NF membrane, but could be justified because
of the very low fouling potential of the raw water. Once again as with the SR-2 test, the
normalized flux demonstrates some oscillation.
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Figure 1-8.  System and Normalized Flux, TFCS Test.
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Comparing Figure 1-6 with Figure 1-9, it can be seen that the feed pressure required to
drive the TFCS membrane is more than twice that required for the SR-2 membrane,
demonstrating both the lower specific flux, the impact of higher sodium chloride
rejection, and the resultant higher average osmotic pressure in the system. From the net
pressure plot, the same flat trend as the SR-2 can be seen, again reflecting the lack of
fouling potential in this feedwater.
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SECTION 1-4. CONCLUSIONS AND RECOMMENDATIONS.

From observation of the test results for the SR-2 membrane, it is clear that although
there was some separation of the TOC, the average removal over the course of the test
was only about fifty six percent, which is insufficient to significantly increase the
potential blend ratio while maintaining the THMFP and HAAFP at or below the current
primary standard. While there are other manufacturers who have similar products to the
SR-2, it is believed that similar results would be obtained. In addition, there was
virtually no TDS rejection with the SR-2 membrane, again impacting the potential for
increasing the blend ratio. Therefore it must be concluded that installing a blend water
membrane treatment system using the SR-2 or similar membrane is not a feasible
option.

The TFCS membrane, however, provided very good TOC rejection, averaging almost
90%. In addition, this membrane, which is a fairly “tight” membrane compared to its
competitors, exhibited reasonable overall TDS rejection compared to the SR-2, which
would allow for a worthwhile increase in blend ratio without significantly changing the
finished water quality which is currently produced at the RWS facility. The average
feed TDS of 1323 mg/l was reduced to a permeate TDS of 418 mg/l, about a 70%
reduction. Based on these results, it can be concluded that a blend water treatment
system using the Koch TFCS, or similar membrane, is worthy of more detailed
evaluation as a means of increasing the blend ratio, and the overall production capacity
of the treatment plant.

Both membrane types performed well in terms of flux maintenance (Figures 1-4 and 1-
8) with virtually no indication of fouling. Given the operating history of the main RO
plant this was to be expected. Pressure requirements for the membranes were however
quite different, the SR-2 requiring a considerably lower pressure than the TFCS, which
is as expected given the higher rejecting capability of the TFCS membrane. The net
driving pressure for the SR-2 was fairly constant at around 20 psi for the lower flux at
the start of the test, and 25psi for the higher flux at the end. In comparison, the TFCS
driving pressure was around 65-68 psi for the whole TFCS test, at an observed flux of
15 gfd.

The protocol that was used to establish the parameters of the membrane test program
was modified to accommodate the actual conditions experienced during the test,
including the on-site decision to test the TFCS membrane, originally planned for the
South Hatteras test only. The TFCS test at Rodanthe was too short to make change of
conditions worthwhile, but this test was run at a flux that is considered relatively high
for nanofiltration membranes.

Based on these results, it is reasonable to assume that a full scale TFCS-type system to
treat the blend water, given the constant temperature and stable raw water quality,
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would operate without significant flux decline due to fouling. It should also be noted
that the TFCS system, because of the higher rejection of the TDS, would be subject to
carbonate scaling. However, this was not observed during what was a fairly short test,
indicating that the scale inhibitor used throughout was adequately controlling the
scaling potential.

Based on the test results, it is recommended that the feasibility of using a nanofiltration
membrane system to pretreat the blend water for both organics reduction and TDS
reduction be studied as the second part of the RWS study, and that the low pressure SR-
2 membrane type no longer be considered for implementation.
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SECTION 2-1. INTRODUCTION.

The Dare County Regional Water System operates a 1.4 MGD reverse osmosis (RO)
water treatment plant and a 0.6 MGD shallow groundwater ion exchange (IX) and iron
removal system to serve the south end of Hatteras Island, and the village of Avon. The
plant, located in Frisco on Water Plant Road, takes its RO feed water from four brackish
wells, and the feedwater for the IX/filtration system from 19 shallow wells located in an
area to the east of the plant known as Buxton Woods. The pilot test that was conducted
at this site focused only on treatment of the shallow groundwater. The average water
quality data for these shallow wells are shown in Table 1.1 below.

Table 2.1. Average Feed Water Quality

Cations, mg/1 Anions, mg/l
Calcium 70.0 Bicarbonate 148.0
Magnesium 26.8 Sulphate <5.0
Sodium 93.0 Chloride 50.0
Potassium 36.0 Fluoride 0.38
Strontium NR Nitrate 0.01
Barium NR Phosphate 0.38
Iron 0.98
Manganese 0.076
TDS, mg/l 429.8
Conductivity, pSms 684
Color, PCU
TOC mg/l 14.1
pH 7.25
Temperature °C 15.6
Silica, mg/1 1.9

Current plant operation consists of two RO trains, the permeate from which is blended
with the treated shallow groundwater. The original design was planned for adding a
third RO train, and increasing the capacity of the shallow groundwater treatment system
to bring the build out capacity of the plant to 3.0 MGD. However, the brackish ground
has risen in TDS, and additional well sites have proven difficult to find at the required
locations. Consequently, the decision was made to explore the possibility of using the
third RO train space in the plant for an alternate shallow groundwater treatment system,
since it would be almost impossible to increase the capacity of the existing IX/filtration
system to the 1.6 MGD needed for the buildout capacity. Since the RO plant produces
permeate which is almost completely lacking calcium hardness and bicarbonate
alkalinity, an alternate treatment system needs to preserve some of these two
components so that the resulting blended finished water has the stability needed to be in
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compliance with the Lead and Copper Rule. The candidate process therefore is
nanofiltration, which historically has been used, primarily in Florida but also in North
Carolina, for the removal of TOC and for partial softening of reasonably hard waters.
As can be seen from the table above the shallow groundwater is rich in TOC, and has a
total hardness of about 285 mg/1, making it a good candidate water for treatment by
nanofiltration. '

Nanofiltration membranes are available in a fairly wide range of rejection capability for
mono and divalent ions, and the true nanofilters all exhibit very good TOC rejection if
the TOC consists of Natural Organic Material (NOM), basically humic and tannic acids
typical of groundwater found in heavily vegetated areas, such as Buxton Woods. The
objective of the South Hatteras pilot test was therefore to evaluate the rejection
capability of a typical “tight” nanofiltration membrane, the Koch TFCS, and to
determine the operating characteristics that are important for scale up to a full size train.
Of particular interest in this test were flux maintenance and operating pressure.
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SECTION 2-2. PILOT PLANT SETUP.

The pilot plant, leased from Koch Membrane Systems, was moved from the RWS site
in March, 2007, and set up in the Frisco plant process room. Although the membranes
had been changed to the TFCS type for the final few weeks at RWS, it was not
necessary to clean the membranes prior to start up at Frisco. The membrane
arrangement, simulating a 2:1 array using seven-element vessels, was not changed for
the Frisco test, since it was anticipated that a recovery of 80-85%, typical for
nanofiltration operations, would be feasible at this site. This array in full scale would
permit permeate recovery up to 90% of the feedwater.

06/07/2007

Figure 2-1.  Frisco Pilot Setup, Showing Back of Unit

The test protocol developed for the Frisco pilot anticipated four segments, each
scheduled for three weeks duration. Two tests were designed for natural pH, at flux
rates of 13 and 14 gfd, and recoveries of 75% and 80%and two tests were to be
conducted at lower pH, at flux rates of 14 and 15 gfd, and at 85% recovery.

The pilot plant was equipped with both acid and scale inhibitor feed systems. A tap on

the existing shallow wellwater inlet piping supplied the raw water, and the tests were
conducted using one well, so that feedwater variability was kept to a minimum. The
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concentrate and permeate were combined after all flow, pressure and conductivity

measuring devices, and discharged to the existing RO concentrate disposal piping.

06/07/2007

Figure 2-2.  Frisco Pilot Setup, Showing Front of Unit
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SECTION 2-3. DISCUSSION OF RESULTS.

As stated previously, the primary goals of the Frisco pilot test were to evaluate the
feasibility of using nanofiltration (NF) membranes to treat the shallow groundwater for
trihalomethanes formation potential (THMFP) and haloacetic acid formation potential
(HAAFP), provide partial softening, and reduce iron and manganese. NF has been
demonstrated to be a good process choice for this treatment scenario, but one aspect of
its performance is that the rejection of iron is typically not as high as RO. This was to
be evaluated during the test program. There was also some concern that the physical
quality of the shallow wellwater, in terms of turbidity and Silt Density Index (measured
as 2.1) may result in frequent cleanings. There was some discussion of the possible need
to install a pre-filtration unit, but this was not done during the pilot test, and although as
will be seen later there was some flux decline. A periodic flush with raw water at low
flow and pressure seemed to be somewhat successful in controlling this flux decline.
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Figure 2-3. TOC Concentrations and Removal.

The TOC values can be seen graphically in Figure 2-3. It can be seen that there was
very little difference in the TOC concentration of the permeate from the first stage, and
the total permeate. This indicates that the average feed-brine concentration of the TOC
may not be the mechanism that drives separation, but rather the sieving capability of the
membrane. That is the membrane pore size will permit only a certain fraction of the
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TOC to pass through, regardless of the average concentration on the “dirty” side of the
membrane. This is different from the separation of ionized solutes, for which average
feed-brine concentration determines the amount of passage through the membrane.

Table 2-2 shows the result of the pilot plant operation on permeate quality over the test
period. Total run time was approximately 2,100 hours, almost thirteen weeks. It can be
seen that the TOC rejection averaged better than 90%, and was reasonably consistent
over the entire test period. The total hardness (TH) in the permeate was also very
consistent, with an average rejection of approximately 80%. The TDS rejection was a
little less, as would be expected, at about 73%.
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Figure 2-4.  Total Hardness and TDS Reduction

It can be seen in Figure 2-4 that the TDS of the first stage permeate is about half the
value of the total permeate TDS, confirming the earlier discussion about the different
separation mechanisms for TOC and inorganic solutes.

Figure 2-5 shows the feed and permeate values for iron and manganese. These are
significant results, since the concentration of these two metals varies considerably from
well to well. It will be critical during preliminary design to pay particular attention to
this variability, to make sure that the NF permeate has low enough concentrations of
iron and manganese so that when blended with RO permeate and [X/filtered shallow
groundwater, the secondary MCLs are not exceeded.
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Figure 2-6. Iron and Manganese Removals

Figure 2-6 shows the removal percentages for iron and manganese. It can bee seen from
this figure that there is some inconsistency, but generally the iron removal was slightly
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higher than that for manganese. The arithmetic average removal for iron was 83.7% and
77.5% for manganese.

From Table 2-2, it can be seen that the average chloride rejection is about 57%, which is
a little higher than the 50% expected from earlier projections.

The performance of the pilot in terms of flux maintenance and pressure was normalized
using NORMPRO®, the Koch software. Figure 2-7 shows the pressure performance.
During the pilot the recovery was changed twice, from 85% to 80% and back to 85%.
The observed flux was also changed during the pilot test.
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Figure 2-7.  Pilot Plant Pressure Profiles

It can be seen in Figure 2-7 that the net driving pressure shows a considerable amount
of change over the course of the test. Because the osmotic pressure of the shallow
groundwater is very low, the net driving pressure consists primarily of the pressure
required to compensate for friction losses in the membrane array, and the pressure
required to operate at the selected flux. The fact that the net pressure shows a significant
increase over the first six hundred or so hours of operation is a strong indication that
some fouling and or scaling is taking place. However, when considering the differential
pressure, there is little or no indication that a build-up of any kind of material is taking
place within the membranes. At about six hundred hours, a flushing program was
instituted, which showed an immediate reduction in net pressure. This flushing regime
was continued for the rest of the test. In spite of the flush however, the net pressure
again starts to increase when the recovery was increased back to 85% recovery at about
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twelve hundred hours. It is interesting that when a short test with feed acidification took
place, the net pressure went down significantly, only to increase again when
acidification was terminated. Given the high recovery, relatively low exit concentrate
velocity, and the predominance of calcium and bicarbonate in the water, it can be
hypothesized that there was some carbonate scaling taking place, partially controlled at
80% recovery by the combination of scale inhibitor addition, flushing, and higher
concentrate exit velocity, but becoming more pronounced as the recovery increased and
the concentrate velocity declined.

Figure 2-8 shows an increase in recorded feedwater temperature at about 1150 hours
into the test. The reason for this is not known, but the ambient temperature was
increasing during this time, and the higher temperature may have caused an increase in
the water temperature from the shallow wells.
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Figure 2-8. Temperature and pH.

As mentioned earlier, the temperature showed some unexpected variability during the
test, averaging about 17 degrees C during the first part of the test, and about 19 degrees
C during the second part of the test, with peaks of close to 20 degrees C. Why this
change took place is unknown, but it is possible that with the increasing ambient
temperature from the start to the conclusion of the test, sufficient heat gain took place
within the building where the ductile iron piping is exposed to cause this increase. It is
interesting to note that when looking at the temperature data and the pressure data
(Figure 2-7) together, the feed pressure increased with increasing temperature, which is
the opposite of what would be expected. This is further indication that some fouling or
scaling was taking place in the membrane causing the pressure increase.
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‘ The pH remained stable for the bulk of the test run time, being adjusted with acid for a
short run at the end. Again comparing the net pressure with the pH change, there is a
distinct reduction in net pressure when the acidification started, and a return to a higher
pressure when acidification was terminated. This is also an indication that possible
carbonate scaling was occurring at the higher recovery.

Figure 2.9 shows the system flux profiles. The pilot was operated basically at two
fluxes, 13gfd and 15gfd.
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Figure 2-9. Flux Profiles

Comparison of the flux trends with the pressure trends shows definite correlation in the
mid point of the test, where the pressure data show two distinct dips, and the flux data
show two distinct peaks. This correlation cannot be explained by any normal operating
event, although some of the pressure dip was undoubtedly caused by the flushing
regime. If this data is ignored, however, both the specific flux, and the normalized flux
demonstrate a slight decline in value over the course of the test period. If the pressure
trend is compared to the flux profile, it would appear that the unit performed better at
the lower flux, even though operation at 15 gfd was limited only to a few days.
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SECTION 2-4. CONCLUSIONS AND RECOMMENDATIONS.

From observation of the test results for the TFCS membrane, membrane provided very
good TOC rejection, averaging over 90%, slightly better than the results at RWS. In
addition, this membrane, which is a fairly “tight” membrane compared to its
competitors, exhibited reasonably high overall hardness and TDS rejection. The average
feed TDS of 350 mg/l was reduced to a permeate TDS of 90-100 mg/1, about a 70%
reduction. This is very comparable to the RWS result for TDS rejection, even though
the water composition is quite different. Based on these results, it can be concluded that
a shallow groundwater treatment system using the Koch TFCS or similar membrane, is
capable of producing a permeate that can be easily blended with the RO permeate, and
[X/filtered water to produce an acceptable finished water quality.

There was a significant flux decline during the course of the pilot test. Whether or not
this was caused by fouling by the organics, partially oxidized iron and manganese,
carbonate scaling, or a combination of circumstances could not be determined. What
can be deduced from the test data is that acidification reversed the flux decline for the
short period that it was in effect. It is also reasonable to assume that at least part of the
fouling/scaling problems experienced in this test were due to the extremely low
concentrate flows that were prevalent throughout the test.

The protocol that was used to establish the parameters of the membrane test program
was modified to accommodate the actual conditions experienced during the test. Acid
was used at this site for only a short period of time, so its influence on the performance
of the membranes could not be fully evaluated. However, it appeared from the data
recorded that the addition of acid had a fairly significant effect on the rate of flux
decline, which is a fact that must be considered during full-scale design.

Based on these results, it is reasonable to assume that for a full scale nanofiltration
system to treat the shallow groundwater water, a design based on lower flux, higher
concentrate exit velocity, and acidification would operate satisfactorily at 85%
recovery. Prefiltration may very well improve the cleaning frequency, but since testing
was not possible during the nanofiltration pilot test, this cannot be stated with certainty.

Based on the test results, it is recommended that the feasibility of using a nanofiltration
membrane system to treat the shallow groundwater from the Buxton Woods wellfield
for both organics reduction and hardness reduction be studied as the second part of the
South Hatteras study. The design will be based on 85% recovery and an average flux of
12 gfd.

It is also strongly recommended that the filtration system discussed earlier in this

program, but not implemented during the pilot test, be acquired and tested, with
particular emphasis on turbidity, iron, manganese and SDI reduction.
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1.0 Introduction

A Nanofiltration (NF) Pilot Study at the RWS and Frisco Water Treatment Plants
(WTPs) will be conducted to evaluate the NF process for increasing the capacity
of the two existing water treatment plants, while minimizing the cost of
infrastructure improvements associated with expansion. The results of the pilot
study, if applicable, will contribute to establishing the NF system operating
parameters, configuration and criteria to be used for the design of plant
modifications at both locations.

NF has traditionally been used to remove the dissolved salts that cause hardness
in water, and for the reduction/removal of the organic precursors of
trihalomethanes (THMs) and halo-acetic acids (HAAs) from groundwater. NF has
been extensively applied to shallow ground waters in the state of Florida for this
purpose, with good success. The largest membrane plant in Florida, located at
Boca Raton, is of this type and has a capacity of 40.0 MGD.

The RWS pilot testing is being conducted primarily for organics removal from the
blend water. The volume of raw water that can currently be blended with RO
permeate is limited by the resultant THM and HAA formation potential in the
blended finished water. By reducing the organics from the blend water prior to
blending and chlorination, the blend volume can be increased significantly.
Preliminary calculations indicate that the capacity of the existing plant can be
increased from the current 1.0 MGD to about 1.2 MGD with this modification.

The Frisco pilot test will be conducted to demonstrate the feasibility of using NF
with the shallow groundwater currently treated by ion exchange and filtration for
softening and organics removal. If successful, it has been proposed that a 0.7
MGD train be installed adjacent to the two existing RO trains, in parallel with the
existing shallow well treatment system. The finished water will then be a blend of
RO and NF permeate, and the treated shallow groundwater.

Pilot testing will be conducted for approximately 90 days each at location. The
RWS plant currently receives low TDS brackish water, rich in sodium
bicarbonate, form two existing wells. The Frisco plant receives shallow
groundwater from nineteen existing wells, is high in total hardness, and contains
varying amounts of iron and TOC.

This Test Plan summarizes the pilot test program, including testing objectives,
description of the test unit and the two different membrane types that will be
tested, the Koch Membrane Systems SR-2 at RWS, and the Koch Membrane
Systems TFCS at Frisco, an outline of the program sequence, and the sampling
and monitoring plan.




' 2.0 Study Objectives

The objectives for the pilot study include the following:

¢ Achieve the treatment goals established for the RWS and Frisco sites.

e Combine blend water treatment and the alternatives for increasing the
capacity of the existing RO trains at the RWS WTP,

e Accumulate data for use in developing design and operating parameters
for full-scale expansion of the Frisco WTP.

2.1 Source Water Quality

The pilot systems will be supplied with well water from existing wells. The
incoming feedwater piping will be tapped at a convenient location at both
locations. The water quality from these wells based on a recent analysis is
summarized in Table 1.

Table 1. Source Water Quality

Parameters RWS S. Hatteras
Alkalinity (mg/L as CaCOQj3) 350 320
‘ Bicarbonate, mg/l 427 390
Barium (mg/L)
Calcium (mg/L) 9.6 70
Chloride (mg/L) 460 70
Conductivity ( _mhos/cm) 4230 728
Copper (mg/L) <0.07 <0.07
Fluoride (mg/L) 1.88 0.4
iron (mg/L) 0.06 0.44
Manganese (mg/l) 0.3 0.08
Magnesium (mg/L) 214 26.8
Phosphate (mg/L) 0.5 0.4
Potassium (mg/L) 27.5 36
Silica (mg/L) 15.3 1.9
Sodium (mg/L) 269 186
Strontium (mg/L)
Sulfate (mg/L) 5.7 1.0
Sulfide (mg/L as H,S) 0 0
Color 9 42
TDS (mg/t) 2540 420
pH (s.u.) 7.3 7.2
Temperature (°F) 70 70
Hardness (mg/l, as CaCO3) 112 290
Turbidity, NTU 0.44 0.23




Water quality sampling performed during the pilot testing will be used to enhance
this data and fill any data gaps required for establishing design criteria in the
Preliminary Design Report (PDR).

2.2 Operational Parameters

The target operational parameters for this study are:

1.

RWS. TOC removal, membrane flux rate and system recovery. The
primary purpose of this pilot program is to reduce/remove the TOC in the
blend water, so that the blend ratio can be increased without violating the
Drinking Water Standard for THMs and HAAs. The tset will also examine
flux rate and the potential impacts to treatment performance and potential
limitations on other process components. In addition to flux, the test will
examine recovery, so that the best solution is found for full scale design in
terms of minimizing discharges without compromising permeate quality.

Hatteras. The main objective of the Hatteras pilot is to examine hardness,
TOC, and iron rejection. In addition, the testing will examine flux rates for
the purpose of minimizing membrane surface area while minimizing
potential iron fouling. Since the feed water is coming from a limited
resource, it is in the best interests of the test to establish the maximum
safe recovery.

The goal of this pilot study is to produce a set of operating conditions that will
economically and reliably produce a potable drinking water that meets all current
and future drinking water regulations, and to establish the guidelines for full scale
design of the two plant expansions.




3.0 Pilot Plant Treatment Process and Equipment
Description

NF pilot test systems will be leased from Koch Membrane Systems (Wilmington,
MA) and temporarily installed first at the RWS site, and then moved to the Frisco
site. The NF pilots will be evaluated using unchlorinated well water, supplied as
a composite of water from existing wells. Since the units will be drawing feed
water from the two existing feed water systems, it is anticipated that the pilot
operation will not be continuous, particularly at the RWS site. However, it would
be advantageous for the pilot units to operate as consistently as possible.
Therefore it is suggested that the pilot testing and the normal plant operation be
integrated as much as possible to provide the maximum run time hours without
causing undue inconvenience to the two plants’ operating staff. It is suggested
that prior to starting the test, a schedule of operation be worked out which will
both meet the water production necessary to meet demand, and provide the best
possible operating window for the pilots.

3.1 NF Membrane Treatment

The NF pilot system will be operated as a two-stage system. Concentrate recycle
is not installed on the leased units. Recovery will therefore be limited to about
80% maximum. The County may wish to consider piping a recycle system, so
that higher recovery can be examined. Initial operation at both test sites will be
75%. The pilot unit is equipped with interstage boost pumping capability, which
can be bypassed if desired. A boost pressure protocol will be developed for each
site when installation and startup occurs.

Each pilot system consists of a high pressure pump feeding an array of four-inch
diameter pressure vessels. Each vessel is capable of holding three, four-inch
diameter elements. Each pilot system will comprise of 18, 4-inch diameter, 40-
inch long (4040) spiral-wound NF elements. The NF pilot systems are configured
to a 2-2-1-1 tapered array system as shown in the attached P&ID. There will be
12 elements in Stage 1 and 6 elements in stage 2. The NF elements will be thin-
film composite, polyamide membranes as described previously. The tapered,
two-stage NF pilots systems will allow recoveries up to 80% without concentrate
recycle.

Concentrate flow can be manually adjusted to maintain a flow set point (and
recovery set point) using the concentrate control valve. Permeate flow is
manually adjusted to a set point by adjusting the feedwater valve.




The NF feed water flow range for each pilot system will be in the range of 15 to
20 gpm The NF permeate and NF brine will be combined and discharged. The
actual disposition of the waste water is to be determined.

The NF pilot system will be equipped will sample taps to sample NF feed,
interstage, permeate and concentrate streams. Field measurements will be
recorded to asses the performance of the pilot system during operation
(discussed in Section 5.0 below). For example, pressure gauges will be
available to measure headloss across the NF membranes. When the headloss
becomes excessive, the NF productivity would decline, necessitating cleaning of
the membranes. The NF pilot system is supplied with a cleaning skid to clean
the NF membranes if and when that becomes necessary.

The pilot unit P&ID is attached for reference.

3.2 NF Pretreatment

Pretreatment will consist of pH adjustment (optional), scale inhibitor addition and
cartridge filtration.

The NF feed water will be filtered using 5 pm cartridge filters. The cartridge
filters will remove fine particles that may foul the NF membranes. The NF pilot
systems will have the ability to add acid (sulfuric acid) and scale inhibitor. The
addition of acid and antiscalant to the NF feed water assists in controlling
membrane scaling from sparingly soluble salts (e.g. calcium carbonate, strontium
sulfate)

Scale inhibitor and acid addition points are located upstream of the cartridge
filter. Scale inhibitor addition equipment will include a day tank and chemical
metering pump. Dose adjustment will be manual as the NF operation is
continuous and will be maintained to flow set points. The initial dose is
anticipated to be 3 mgl/l.




4.0 Pilot Test Program

The pilot testing program is designed to facilitate the test objectives as specified
in Section 2.0. :

4.1 Operating Plan

Two types of NF membranes will be evaluated for permeate water quality and
feed pressure at the two sites. At RWS, the membrane will be Koch Membrane
Systems SR-2 membrane, designed for high organics rejection but fairly low in-
organics rejection. At the Frisco site, the membrane will be Koch Membrane
Systems TFCS membrane, which has good organics rejection, and somewhat
higher inorganics rejection than the SR-2 membrane.

During the pilot test two flux rates and two recovery rates will be evaluated for
each pilot system.

The baseline condition during the pilot testing will be established using a flux of
13 GFD, a permeate recovery of 75%, no pH adjustment of the NF feedwater,
and an antiscalant dose of 3 mg/L. Other combinations of conditions will be
tested during the program.

NF Operating Ranges

Membrane
Element Model

Total quantity of
elements

SR-2 TFCS

21 21

Array Staging
(ratio of vessels in 2:2.1:1 2:2:1:1
each stage)
Nominal
Membrane Area 80 80
(ft")

Permeate Flow
Range (gpm)

15-17

Flux (GFD) 13-16

NF Recovery 75-80

NF Feed Wat
ot e 73106.8 7.36.5

S| Dose (mg/l) 1-3




Once the system has shown a stable performance at the baseline condition, the
flux and recovery rates will be modified to evaluate optimal system performance.
Four combinations of flux and recovery rates will be evaluated over the duration
of the pilot testing. The pilot system will be run in a constant flux and variable
pressure mode for a minimum of two weeks before altering the flux and recovery
combination. The two charts following identify the ranges of operating
parameters that will be evaluated during the pilot testing and the preliminary
schedule for modifying the operating parameters.

_ NF Operatir‘lgﬁParameters‘ 7

Membrane
Element Model
Initial:

Flux (GFD)/ NF 13/75
Recovery (%)
Step 1:

Flux (GFD) / NF 14/80 3weeks | , d’.‘ff;tfr’r']"ent
Recovery (%) !
Step 2:

Flux (GFD) / NF 14/85 3 weeks pH 6.8
Recovery (%)
Step 3:

Flux (GFD) / NF 15/85 3 weeks pH 6.5
Recovery (%)

3-weeks No pH
Adjustment

Particularly at the Frisco site, iron fouling of the membranes is possible. At both
sites, monitoring the headloss across the NF membranes will be a critical
operator function to indicate if a membrane cleaning is necessary. The NF
membranes will be cleaned when one of the following conditions occur:

e Differential pressure (feed pressure minus reject pressure) increases from
start-up values by 15-20%, per stage.

e Normalized permeate flow decreases by 15-20%, or feed pressure
increases by 15-20%.

The NF membrane cleaning could involve the following steps

e Recirculate 2% citric acid solution of pH 4 for 2 hours. This low pH
cleaning will remove iron and some inorganic scale present on the NF
membranes.

e Flush water through the NF system until the cleaning solution is
completely flushed out.

e Re-circulate 0.1% caustic solution of pH 11.5 for 2 hours. This high pH
cleaning solution will remove organic foulants, colloidal and biological
materials.

e Flush water through the NF system until the cleaning solution is
completely flushed out.
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Also, when the headloss across the cartridge filters reaches 15 psi greater than
the clean condition, the cartridge filters will be replaced with new filters

At the engineer’s discretion the NF membrane may be replaced by an alternate
NF membrane.

A daily operating log will be maintained for the duration of the pilot study. An
operating log book will be kept on site at both locations to document any changes
made to the pilot units and/or unexpected circumstances (pilot unit shut
down/restart).

Start-up data has been derived for each site based upon projections made with
Koch Membrane Systems software, “ROPRO”. This is contained in the following
table:

Predicted Start-up Conditions

_ Paameter | RWs | = Fdse
Test No. 1 2 3 4 1 2 3 3
Flux, gfd 13 14 14 15 13 14 14 15
Recovery, % 75 80 85 85 75 80 85 85
Feed P, psig 40-50 95 99 99 103
Permeate P, psig 12 10
Concentrate P, psig 25-30 54 62 68 70
Feed Q, gpm 20 23 23 22 23
Permeate Q, gpm 15 16 16 17 17.3 | 184 | 18.7 | 19.6
Concentrate Q, gpm 5 4 4 3 5.7 4.6 3.3 3.4
Feed pH 7.2 7.2 6.8 6.8 7.2 7.2 6.8 6.8
Permeate TDS™, mg/l | 1000 | 1100 | 1100 | 1200 | 164.8 | 170.5 | 200.7 | 193.3

(1) Permeate TDS for the SR-2 test at RWS is based on empiric data derived from experiments
conducted with a low TDS feedwater. The ion passage will most likely be different when operating
with the RWS feedwater.

4.2 Sampling and Monitoring

The sampling plan associated with the pilot test program is designed to facilitate
the test objectives as specified in Section 2.0. The pilot study consists of field
measurements and lab analyses. Field measurements will be conducted on site
with hand-held analyzers. Lab samples will be collected and sent to the
appropriate contract lab for analysis.

To ensure the accuracy of all collected data, consistent sampling methods with
respect to location, timing, and technique must be maintained. Additionally, for
samples analyzed at off-site laboratories, consistency in sample preservation,
packaging and shipping is required. Membrane operational parameters such as

11




flow and pressure will be recorded at the time of sampling. All analyses will be
performed according to Standard Methods.

The sampling locations (SL) for the pilot systems are identified on the P&ID.
4.2.1 Field Measurements

The field parameters and analyzers associated with each measurement are
shown below.

2

Parameter o “Pretreated

Temperature

pH

TDS

Conductivity

Silt Density Index

S8 I P B P
3

< || (<<

Turbidity

Flow rate and pressure will also be recorded during the study. Flow rate
measurements will be recorded for NF permeate, and NF concentrate from FE-1
and FE-2 (P&ID). Pressure will be recorded from the following locations:

Cartridge filter inlet

Cartridge filter outlet

NF Feed

Interstage (between stages 1 and 2)
NF Permeate

NF Concentrate

Chemical dosing tank levels and pump flow rates will be checked on a daily basis
to ensure that the proper chemical dose is applied throughout the pilot study.

To ensure the accuracy of the field measurements any hand-held analyzers will

be calibrated at the beginning of the study and as required per the
manufacturer's recommendations throughout the study.

4.2.2 Lab Analyses
Table 2 shows the lab analysis parameters, frequency of sampling, and total

number of samples for each pilot unit. The number of samples in Table 2
assumes a 12-week pilot study duration, at each site.
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. NF membrane integrity is monitored by on-line conductivity measurement of NF
permeate. Additionally, conductivity profiles will be performed on the individual
NF vessel permeate streams weekly.

Table 2. Lab analyses and frequency of sampling

Total Hardness (mg/L as CaCO3) 1/week 12 RWS
TDS (mg/L) 1/week 12 12 NRO
TOC (mg/L) 1/week 12 12 Frisco
HPC (CFU/mL) 1/week NRO
Alkalinity (mg/L as CaCO;) 1/week 12 12 RWS
Calcium (Ca®") 1/week 12 12 RWS
Magnesium (Mg**) 1/week 12 12 RWS
Sodium (Na") 2/pilot 12 12 RWS
Potassium (K") 2/pilot 12 12 RWS
Barium (Ba’") 2/pilot 2 Outside lab
Strontium (Sr*) 2/pilot 2 Outside lab
. Iron: total (Fe*" )™ 1/week 12 12 RWS
Iron: dissolved (Fe**)™" 1/week 12 RWS
Manganese (Mn*")? 1/week 12 12 RWS
Bicarbonate (HCQO3) 1/week From Alkalinity RWS
Sulfate (SO4*) 2/pilot 2 2 RWS
Chloride (CI) 1/week 12 12 12 | RWS/Frisco
Fluoride (FI)® 1/week 12 12 RWS
Phosphate (PO,*) 2/pilot 2 2 RWS
| Silica: total (Si0)" 2/pilot 2 2 | Outside lab
| Silica: reactive (SiOp)™ 2/pilot 2 2 | Outside lab

M Required for Frisco only. RWS should be done 2 times during pilot

(2) Required for Frisco only. RWS should be done 2 times during pilot

(3) Required for Frisco only. RWS should be done 2 times during pilot

4) Silica testing for Frisco should be done more frequently, unless the well combinations have
consistent silica

4.3 Data Handling Protocol

Successful implementation of the performance testing will require coordination

between all testing participants. All performance testing activities will be

thoroughly documented. Documentation will include field logbooks, photographs,
‘ data sheets, electronic databases and chain-of-custody forms.
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Original field sheets and chain-of-custody forms will accompany all samples
shipped to the analytical laboratory. Copies of field sheets and chain-of-custody
forms for all samples will be maintained in the project files. The data
management system used in the pilot testing program will involve the use of
computer spreadsheets and manual recording of operational parameters for the
membrane equipment on a daily basis. °

Daily measurements of all values will be recorded on specially-prepared data log
sheets, which is attached for reference. An operating logbook maintained by the
operator will include a record of events (equipment starts, stops, maintenance,
and instrument calibrations) and description of any problems or issues.
Photocopies will be made of each data-log and operating logbook page. The
original sheets will be stored on-site; one photocopy will be forwarded to the
engineer (RosTek Associates, Inc) at least once per week during each testing
phase, to be placed in the project file. This protocol will not only facilitate
referencing the original data, but offer protection of the original record of results.

4.4 Responsibilities

The management of the sampling and resulting data will involve a great deal of
coordination. Some analyses will be conducted on-site at the pilot plants, and at
the appropriate Dare County Water System labs, while some samples must be
collected, preserved and shipped to an off-site laboratory.

This Pilot Testing Program is under the management of Dare County Water
Department and RosTek Associates, Inc. Dare County has the overall
responsibility of managing day-to-day coordination of the sample activities,
establishing and communicating the sample schedule, and maintaining the
operating data logs and logbooks. Maintenance of the project database and
analysis of the operating data will be the responsibility of RosTek Associates, Inc.
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5.0 Performance Evaluation

The following calculated parameters, together with the data collection described
in Section 4.2, will be used for evaluation of performance of the membrane
systems.

Specific Flux (GFD/psi)

Normalized Feed Pressure (psi)

Normalized Differential Pressure (psi)
Normalized Permeate Conductivity (umhos/cm)

6.0 Reporting

At the conclusion of the testing, RosTek Associates, Inc will compile the entire
data set and prepare a final report. The report will summarize the testing results,
including an evaluation of each membrane’s performance in terms of the test
program goals. The data will be used to prepare a preliminary design report for
each of the two WTPs.

7.0 Quality Assurance/Quality Control

Quality assurance and quality control of the operation of the membrane
equipment and the measured water quality parameters will be maintained during
the Pilot Testing Program.

When specific items of equipment or instruments are used, the objective is to
maintain the operation of the equipment or instruments within the ranges
specified by the manufacturer or by Standard Methods'. Maintenance of strict
QA/QC procedures is important, in that if a question arises when analyzing or
interpreting data collected for a given experiment, it will be possible to verify
exact conditions at the time of testing.

Equipment flow rates and associated signals will be documented and recorded
on a routine basis. A routine daily walk through during testing should be
conducted to verify that each piece of equipment or instrumentation is operating
properly. Particular care will be taken to confirm that any chemicals are being fed
at the defined flow rate into a flow stream that is operating at the expected flow
rate, such that the chemical concentrations are correct. This will be accomplished
through chemical drawdown measurements. In-line monitoring equipment such
as flow meters, etc. will be checked to confirm that the readout matches with the
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actual measurement (i.e. flow rate) and that the signal being recorded is correct.
Flow measurement accuracy will be confirmed twice during each test program by
stopwatch-and-bucket techniques. The accuracy of some on-line water quality
instruments will be verified monthly by comparison to grab sample results.

Reference: American Public Health Association, American Water Works Association,
Water Environment Federation. Standard Methods for the Examination of Water and
Waste water. Current Edition.
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MEMBRANE SYSTEMS

FLUID SYSTEMS® TFC®- SR®2 4” ELEMENTS

Low Pressure, Selective Rejection Elements

PRODUCT Membrane Chemistry: Proprietary TFC® membrane
DESCRIPTION Membrane Type: TFC®-SR®2 membrane
Construction: Spiral wound with fiberglass outerwrap
Applications: Separation of higher molecular weight components (>300-400
dalton) and multivalent ions from solution
Feed spacer thickness: 31 mil (0.8 mm)
* Consult KMS Process Technology for specific applications
SPECIFICATIONS Part Number Model Permeate Flow Rejection % Membrane Area
gpd (m3d)  Chloride Hardness ftz  (m?)
8472000 4720 SR®2-N1 2,400 (9.1) 10-30* g7+ 79 (7.3)
*  Test Conditions: 2,000 mg/l NaCl solution at 75 psi (518 kPa) applied pressure (50 psi {345 kPa) net pressure), 15% recovery
(20% recovery for Magnum® elements), 77°F (25¢C) and pH 7.5.
** Test Conditions: 2,000 mg/l MgSOs in deionized water at 55 psi (380 kPa) applied pressure (50 psi {345 kPa) net pressure),
15% recovery (20% recovery for Magnum® elements}, 77°F (25¢C) and pH 7.5.
RECOMMENDED  Typical operating pressure: 50 - 100 psi (345 - 690 kPa)
OPERATING Maximum operating pressure: 350 psi (2,410 kPa)
LIMITS* Maximum operating temperature: 113°F (45°C)
Maximum cleaning temperature: 113°F (45°C)
Maximum continuous free chlorine: <0.1 mg/l
pH range - continuous operation: 4-9
pH range - short term cleaning: 25-9
Maximum differential pressure per element: 10 psi (69 kPa)
Maximum differential pressure per vessel: 60 psi (414 kPa)
Maximum feed turbidity: 1NTU
Maximum feed SDI (15 minute): 5
PRODUCT
DIMENSIONS

Model A B c D Weight Part Numbers
inches {mm) inches (mm) inches (nm) inches (mm) Ibs (kg) Interconnector O-ring Brine Seal
4720 SR®2-N1 40 (1,016) 4(101.6) 0.75 (19.0) 1.0 (25.4) 10(4.5) 0035267 0035458 0035702




TFC®- SR®2 4” ELEMENTS

Performance:

Performance specifications shown on the front side of this
document are nominal values. Individual element permeate
flows may vary +20/-15% from the values shown. Minimum
hardness rejection is 92% at the conditions shown.

Selective Rejection (SR®2) nanofiltration membrane perfor-
mance is highly dependent on water chemistry, temperature,
pH and solution concentration. Performance can only be
accurately known through pilot study. KMS strongly
recommends that the appropriate pilot studies are conducted
to determine suitability for a given application.

System operating data should be normalized and key
performance parameters tracked using KMS' NORMPRO®
software.

Operating Limits:

= Operating Pressure: Maximum operating pressure is
350 psi (2,410 kPa). Typical operating pressure for
TFC®-SR2 systems is in the range of 50-100 psi (345-
690 kPa). Actual operating pressure is dependent upon
system flux rate (appropriate for feed source) as well as
feed salinity, recovery and temperature conditions.

= Permeate Pressure: Permeate pressure should not
exceed feed-concentrate pressure by more than 5 psi
(34 kPa) at any time (on-line, off-line and during
transition).

= Differential Pressure: Maximum differential pressure
limits are 10 psi (69 kPa) for a 40" (1,016 mm) long
element. Maximum differential pressure for any length
pressure vessel is 60 psi (414 kPa).

»  Temperature: Maximum operating temperature is 113°F
(45°C). Maximum cleaning temperature is 113°F (45°C).

= pH: Recommended range for continuous operation is pH
4-9. Allowable range for short term cleaning is pH 2.5-9.

» Turbidity and SDI: Maximum feed turbidity is 1 NTU.
Maximum feed Silt Density Index (SDI) is 5.0 (15 minute
test). Experience has shown that feedwater with turbidity
greater than 0.2 NTU generally results in frequent
cleanings.

= Recovery. Maximum recovery is site and application
specific.  In general, single element recovery is
approximately 15% for 40” (1,016 mm) long elements.
Recovery limits should be determined using KMS'
ROPRO program.

Chemical Tolerance:

= Chlorine: Intentional exposure of TFC-SR2 membrane
to free chlorine or other oxidizing agents such as
permanganate, ozone, bromine and iodine is not
recommended. TFC-SR2 membrane has a free
chlorine tolerance of approximately 1,000 ppm-hours
based on testing at 77°F (25°C), pH 8. This tolerance
may be significantly reduced if catalyzing metals such
as iron are present or if the pH and/or temperature are
different. Sodium metabisulfite (without catalysts such
as cobalt) is the preferred reducing agent. TFC-SR2
membrane has a chloramine tolerance of approximately
60,000 ppm-hours in the absence of free chlorine
based on testing at 77°F (25°C), pH 8.

= Cationic (Positively Charged) Polymers and
Surfactants: TFC-SR2 membrane may be irreversibly
fouled if exposed to cationic (positively charged)
polymers or surfactants. Exposure to these chemicals
during operation or cleaning is not recommended.

Lubricants:

For element loading, use only approved silicone lubricant,
water, or glycerin to lubricate O-rings and brine seals. The
use of petroleum based lubricants or vegetable based oils
may damage the element and void the warranty.

Service and Ongoing Technical Support:

KMS has an experienced staff of professionals available to
assist endusers, and OEM's for optimization of existing
systems and support with the development of new
applications. Along with the availability of supplemental
technical bulletins, KMS also offers a complete line of
KOCHTREAT® and KOCHKLEEN® RO pretreatment and
maintenance chemicals.

The information contained in this publication is believed to be accurate and reliable, but is not to be construed as implying any warranty or Quarantee of performance. We assume no responsibility,
obligation or liability for results obtained or damages incurred through the application of the information contained herein. Refer to Standard Terms and Conditions of Sale and Performance Warranty
documentation for additional information.

Koch Membrane Systems, Inc., www.kochmembrane.com
Corporate Headquarters: 850 Main Street, Wilmington, Massachusetts 01887-3388, USA, Tel. Toll Free: 1-888-677-5624, Telephone: 1-978-694-7000, Fax: 1-978-657-5208
opean Headquarters: Koch Chemical Technology Group Ltd., The Granary, Telegraph Street, Stafford ST17 4AT, United Kingdom, Telephone: +44-178-527-2500, Fax: +44-178-522-3149
‘gton, Massachusetts » San Diego, California + Aachen & Dusseldorf, Germany ¢ Lyon, France ¢ Madrid, Spain  Milan, Italy « Wijnegem, Belgium « Beijing & Shanghai, China + Mumbai, India ¢
Melbourne, Australia « China * Singapore * San Jose dos Campos, Brazil

FLUID SYSTEMS®, SR®, TFC®, Magnume, ROPRO®, NORMPRO®, KOCHKLEEN®, KOCHTREAT® are registered trademarks of Koch Membrane Systems, Inc.
Koch Membrane Systems, Inc. is a Koch Chemical Technology Group, LLC company.
© 2006 Koch Membrane Systems, Inc. All rights reserved worldwide. 7/06
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MEMBRANE SYSTEMS
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FLUID SYSTEMS® TFC®-S 4” ELEMENT

Softening, Low Pressure RO Element

PRODUCT Membrane Chemistry: Proprietary TFC polyamide
DESCRIPTION Membrane Type: TFC-S membrane
Construction: Spiral wound with fiberglass outerwrap
Applications: Municipal water treatment when softening and THMFP reduction

are the main objectives

SPECIFICATIONS PartNumbers  Model Permeate Flow Rejection % Membrane Area
god  (m¥d) Chloride Total Hardness MgSOs 2 (m2)
8492000 4920 S 2,180 (8.25) 90* 98.5* 99" 85 (7.9)

* Test Conditions: mixed feed with 700 mg/l TDS of which at least 45% is monovalent, at 80 psi (552 kPa), applied pressure,
15% recovery, 77°F (25°C) and pH 7.5.
** Test Conditions: 1,000 mg/l MgSQs in deionized water, at 80 psi (550 kPa) applied pressure, 15% recovery, 77°F (25°C) and

pH 5.
OPERATING Typical operating pressure: 80 psi (552 kPa)
& DESIGN Maximum operating pressure: 350 psi (2,410 kPa)
INFORMATION Maximum operating temperature: 113°F (45°C)
Maximum cleaning temperature: 113°F (45°C)
Maximum continuous free chlorine: <0.1 mg/l
Allowable pH - continuous operation: 4-11
Allowable pH - short term cleaning: 25-11
Maximum differential pressure per element: 10 psi (69 kPa)
Maximum differential pressure per vessel: 60 psi (414 kPa)
Maximum feed turbidity: 1NTU
Maximum feed SDI (15 minute): 5
Feed spacer thickness: 28 mil (0.71 mm)
PRODUCT
DIMENSIONS
AND WEIGHT
Model A B c D Weight Part Numbers

inches (mm)  inches (mm)  inches (mm)  inches (mm) Ibs (kg) Interconnector O-ring Brine Seal
4920 S 40 (1,016) 4 (101.6) 0.75 (19.0) 1.0(25.4) 10(4.5) 0035267 0035458 0035702




TFC®- S 4” ELEMENT

Performance:

Performance specifications shown on the front side of this
document are nominal values. Individual element permeate
flows may vary +20/-15% from the values shown. Minimum
chloride ion rejection is 85%, and minimum total hardness
rejection is 94% at the mixed feed conditions shown.
Minimum MgSOQs rejection is 95% at the MgSOs4 conditions
shown.

System performance should be predicted using KMS'
ROPRO® design software. Element performance is based on
the nominal values shown.

System operating data should be normalized and key
performance parameters tracked using KMS' NORMPRO®
software.

Operating Limits:

= Operating Pressure. Maximum operating pressure is
350 psi (2,410 kPa). Typical operating pressure for TFC-
S systems is in the range of 80 psi (652 kPa). Actual
operating pressure is dependent upon system flux rate
(appropriate for feed source) as well as feed salinity,
recovery and temperature conditions.

= Permeate Pressure. Permeate pressure should not
exceed feed-concentrate pressure by more than 5 psi
(34 kPa) at any time (on-line, offine and during
transition).

= Differential Pressure: Maximum differential pressure is
10 psi (69 kPa) for a 40" (1,016 mm) long element.
Maximum differential pressure for any length pressure
vessel is 60 psi (414 kPa).

» Temperature: Maximum operating temperature is 113°F
(45°C). Maximum cleaning temperature is 113¢F (45°C).

= pH: Allowable range for continuous operation is pH 4-11.
Allowable range for short term cleaning is pH 2.5-11.

»  Turbidity and SDI: Maximum feed turbidity is 1 NTU.
Maximum feed Silt Density Index (SDI) is 5.0 (15 minute
test). Experience has shown that feedwater with turbidity
greater than 0.2 NTU generally results in frequent
cleanings.

* Recovery: Maximum recovery is site and application
specific. ~ In general, single element recovery is
approximately 15%.  Recovery limits should be
determined using KMS’ ROPRO® program.

Chemical Tolerance:

= Chlorine: Intentional exposure of TFC-S membrane to
free chlorine or other oxidizing agents such as
permanganate, ozone, bromine and iodine is not
recommended. TFC-S membrane has a free chlorine
tolerance of approximately 1,000 ppm-hours based on
testing at 77°F (25°C), pH 8. This tolerance may be
significantly reduced if catalyzing metals such as iron
are present or if the pH and/or temperature are
different. Sodium metabisulfite (without catalysts such
as cobalt) is the preferred reducing agent. TFC-S
membrane has a chloramine tolerance of approximately
60,000 ppm-hours in the absence of free chlorine
based on testing at 77°F (25°C), pH 8.

» Cationic (Positively Charged) Polymers and
Surfactants: TFC-S membrane may be irreversibly
fouled if exposed to cationic (positively charged)
polymers or surfactants. Exposure to these chemicals
during operation or cleaning is not recommended.

Lubricants:

For element loading, use only approved silicone lubricant (or
approved equivalent), water, or glycerin to lubricate O-rings
and brine seals. The use of petroleum based lubricants or
vegetable based oils may damage the element and void the
warranty.

Service and Ongoing Technical Support:

KMS has an experienced staff of professionals available to
assist endusers, and OEM's for optimization of existing
systems and support with the development of new
applications. Along with the availability of supplemental
technical bulletins, KMS also offers a complete line of
KOCHTREAT® and KOCHKLEEN® RO pretreatment and
maintenance chemicals.

The information contained in this publication is believed to be accurate and reliable, but is not to be construed as implying any warranty or guarantee of performance. We assume no responsibility,
obligation or liability for results obtained or damages incurred through the application of the information contained herein. Refer to Standard Terms and Conditions of Sale and Performance Warranty

documentation for additional information.

Koch Membrane Systems, Inc., www.kochmembrane.com
USA: 850 Main Street, Wilmington, MA 01887-3388, Telephone: 888-677-KOCH, Telephone: 978-694-7000, Fax: 978-657-5208
USA: 10054 Old Grove Road, San Diego, CA 92131, Telephone: 800-525-4369, Telephone: 858-635-1000, Fax 858-684-5225
UK: The Granary, Telegraph Street, Stafford, ST17 4AT, Telephone: +44-1785-272500, Fax: +44-1785-223149
AUSTRALIA: Ste. 6, Level 1/186-190 Church St., Parramatta, NSW 2150, Australia, Tel: +61-2-8833-4640, Fax: +61-2-9689-3615

FLUID SYSTEMS®, TFC®, ROPRO®, NORMPRO®, KOCHKLEEN®, KOCHTREAT® are registered trademarks of Koch Membrane Systems, inc.
Koch Membrane Systems, Inc. is a member of Koch Chemical Technology Group, LLC.
© 2004 Koch Membrane Systems, Inc. All rights reserved worldwide. 05/04
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SOUTH HATTERAS ANALYTICAL DATA
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