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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/1 153

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.
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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 = Prepp— (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 tow 0.011

Permeate Conductivity to TDS 0.4621
TDS ton 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 hi gher 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/l 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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