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NORTH REVERSE OSMOSIS PLANT
CAPACITY EXPANSION

Preliminary Design Report

1.0
1.1

INTRODUCTION
Project Background

The North Reverse Osmosis water treatment plant (NRO) of the Dare County
Water System was placed into commercial operation in August of 1989.

NRO was designed for the ultimate installation of eight (8) brackish water RO
units, for a combined capacity of 8.0 mgd. The grass roots facility, designed by
Black & Veatch and RosTek Services, Inc. (predecessor of RosTek Associates,
Inc.) provides all the infrastructure required to support the RO operation,
including bulk chemical storage; emergency diesel generator; disinfection facilities;
ground storage; transmission pumping to both wholesale customers and to the
Dare County System; and RO concentrate disposal to the Atlantic Ocean via a
NCDOT highway drainage system. Initially, three (3) RO units were installed, each
producing 0.85 mgd of permeate which was blended with 0.15 mgd of bypassed
raw well water.

Because the well water does not contain hydrogen sulphide, degasification for
removal of this contaminant is not required. The original water chemistry available
from these wells was such that the only scaling potential was that of calcium
carbonate. Although the design concentrate Langelier Saturation Index (LSI) was
not high compared to the capabilities of modern scale inhibitors, some acidification
of the feed water was required to maintain an LSI of about 1.5 in the exiting
concentrate, and to generate carbon dioxide in the permeate. This carbon dioxide
permeates the membrane and is available in the blended product water for reaction
with caustic soda to form bicarbonate alkalinity.

The original three trains were installed with a total of thirty (30) six element
pressure vessels in a 21:9 array. The vessels were loaded with Fluid Systems (now
Koch Membranes) TFCL thin film composite low pressure membranes. These
membranes had an active area of about 335 square feed, and operated at an
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average flux of 14 gfd. Design recovery was limited to 75% for reasons of both
feed pressure and permeate quality. Space was provided on the RO skids for 4
additional pressure vessels in the first stage and one in the second, for a possible
25:10 array.

About two years after commissioning, the second stage vessels were reloaded with
Hydranautics CPA-2 membrane elements. These elements had an active area of
about 365 square feed, and a salt rejection of 99.2%, compared with 98.5% for the
original membranes. This substitution was necessitated by a steady deterioration in
feed water TDS from the startup value of about 2200 mg/l. This had been
anticipated from the hydrogeologic investigations and solute transport modeling,
but had not been expected to occur so soon. Additional vessels were installed in
the mid-90’s, filling all available spare spaces, and TFCL membranes from the
second stage that had been pickled and stored were used for the additional first
stage vessels, and new CPA-2 membranes were purchased for the tenth second
stage vessel.

In 1999, after 10 year of service, the original TFCL membranes were replaced with
Hydranautics CPA-3 membranes, a high performance product with 400 square feet
of active area and a salt rejection of 99.5%. Two years later the second stage
membranes were also replaced with CPA-3, and the average flux dropped to
approximately 10 gfd.

The summer of 2001 brought high water demands for July 4™ weekend, and a long
drought and hot weather promoted very high water usage over the same weekend.
To prepare for this, a series of tests were conducted in the January of 2002 to
evaluate the potential for operation at higher flux, and increased permeate
production. One train was successfully operated at a flux of 13.5 gfd, the limiting
factor being the RO feed pump. The Dare County staff operated at an elevated flux
during July of 2002, at a flux rate of 12 gfd producing approximately 0.47 mgd of
additional permeate from the facility.

Also during the past two years, the County has replaced the process control
system that was installed with the original plant. Other changes and upgrades have
been made to the chemical feed systems, the concentrate control valves, and the
RO feed pump speed controllers.

The Board of County Commissioners has authorized the engineering and
construction of an expansion of a least one train, and possibly two trains, with the
first train to be installed and operational by June 2003.
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Project Description

Although this project is designed to be a capacity enhancement, Dare County faces
a significant quality issue at NRO, which is compliance with the recently
promulgated arsenic Maximum Contaminant Level (MCL) of 10 pg/l, to take
effect in January of 2006. Although the need for additional water production from
NRO is immediate, the process design must take into account that within two
years an arsenic reduction strategy will be implemented and incorporated into the
NRO plant. One of the possible strategies is a second-pass nanofiltration process,
which would treat oxidized permeate from the brackish water RO system. This is
only one of six strategies that will be pilot tested, but the new RO trains must be
designed in anticipation of a second pass.

Although the feed water to NRO has experienced steady increase in TDS since
1989, the distribution of ions has not increased the scaling potential of the water.
With modern high performance membranes, the salt passage is less than 1% and so
a higher recovery without compromise of finished water quality could be achieved.
This report will address this question.

The practice of boosting the pressure of the feed/concentrate stream between
stages was not included in the original design, because suitable energy recovery
devices were not available. However, the development of reliable energy recovery
devices has made this practice possible without the use of an electric motor driven
pump. Since modern membranes have high specific flux, increasing second stage
production by boosting the interstage pressure is very advantageous to the plant
operation and economies. it is recommended that this feature be included in this
project. Retrofit of the existing trains will also be included.

Report Purpose and Scope
This report will establish design criteria for the following:

1 Expansion of treatment capacity by one or two trains.
2 Retrofit existing three trains with energy recovery devices.
3 Modifications to existing electric system to support this expansion.

Expansion of the plant treatment capacity will require additional raw water supply.
New brackish water wells and raw water delivery system modifications are being
designed under a separate contract by another consulting firm.

The level of design included in this document is assumed to be about 30%. RO
system process design and equipment sizing has been accomplished and outline
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. equipment and materials specifications prepared. Integration into the existing
infrastructure has been examined.

Included in this report are the following;

Process flow diagram

Preliminary P&IDs

Preliminary equipment layouts
Preliminary equipment selection
Equipment and pipe sizing
Verification of infrastructure capacity
Opinion of probable cost

NoUnhkwN~
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WATER QUALITY

Introduction

The water quality considerations at NRO fall into three main categories.

1. RO plant feedwater
2. Finished water
3. Concentrate quality

Since startup of the NRO in August of 1989, the RO plant feedwater TDS has
increased gradually from about 2,200 mg/1 to the current value of about 4,300
mg/l. When the original plant was designed in 1987, the equipment was selected so
that an increase in feedwater TDS to 6,000 mg/l could be treated by the installed
plant without major modifications. It was recognized that at the final design point,
additional post treatment might be required to stabilize the finished water, since
raw water blending at that point would be of little value.

The finished water today is in compliance with all Public Water Supply (PWS)
standards for potable water, except for the recently adopted Arsenic Rule.
Although in compliance until adoption of this rule in January, 2002, the RO
permeate contains 14-20 nug/l of arsenic, depending on which combination of the
ten existing wells is supplying feedwater to the plant. The County is currently
pursuing a three-phase strategy to bring the arsenic into full compliance with the
standard of 10 pg/l by January 2006, or before. The first phase has been completed
(insert report reference). The second phase, long-term pilot testing of selected
removal technologies, is in the planning stage, and will be initiated prior to the end
0f 2002. The third stage, implementation of selected strategy, will be initiated in
late 2003. Solution of the arsenic issue does not have an impact on the expansion
of the RO plant, except as discussed previously in Chapter 1.

The concentrate quality is important to Dare County for NPDES permitting
reasons. While the expansion will not change the initial concentrate quality,
continued degradation of the well water will result in increased concentrate TDS.
The expansion will increase the concentrate discharge volume in proportion to the
increase in production.

Well Field Facilities

The County currently operates 10 wells that provide feedwater to the RO plant.
The original 8 wells that were constructed with the plant are all located on the
original Baum Tract. Wells 9 and 10, constructed in 1994 are located to the west
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and south of Fresh Pond, in the Town of Nags Head. All 10 wells have
approximately the same characteristics, and produce 450-550 gpm each when
pumped individually. If all 10 wells are pumped together, the available system
capacity considering all system head losses is 4,180 gpm. To run the three existing
trains and the two new trains at 75% recovery with an 8% raw water bypass for
blend, approximately 4,500 gpm is required. Therefore additional wells with a
capacity similar to the existing 10 wells will be required.

As part of this expansion, the County will construct four new wells. However, this
project is not part of the current work and will not be discussed in this PDR.

RO Feed Water Quality
Historic Quality

As mentioned earlier, the feed water quality when the plant started operations in
August 1989, was about 2,200 mg/l TDS. The characteristics of this water relative
to the RO process were fairly benign. The only scaling potential was for calcium
carbonate and this was easily controlled by addition of (in those days) a
polyacrylate scale inhibitor. Acid treatment was not required to control carbonate
scaling, but the design incorporated an acid system, used to create carbon dioxide
in the feed water for use in post treatment to form bicarbonate alkalinity upon the
addition of caustic soda. About 40 mg/l of carbon dioxide were required for this

purpose.

The only feed water issue that periodically requires membrane cleaning is the
deposition of ferric iron on the membrane surface. The feed water has always
contained about 0.5 mg/l of iron, and while the well water is anaerobic, with
filtered turbidity of <0.5 NTU, and an SDI of <3.0, some iron fouling does occur.
The membranes have traditionally been cleaned annually, specifically to remove
this iron foulant.

Current and Predicted Quality

The current feed water TDS ranges from 4,200 mg/l to 4,500 mg/l, depending on
the wells in service. As predicted in the early hydrogeologic studies, the water
quality has declined over the intervening vyears. Figure 2-1 graphically illustrates
the rate of TDS increase, and how closely the increase matches the trend line. The
original prediction was that the TDS would reach 6,000 mg/l in 14 years after
startup, or 2003. From Figure 2-1, it can be seen that 6,000 mg/l will, if the current
trend continues, be reached about 2012.
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Figure 2-2 shows the cumulative increase in TDS over the base line startup value.
It can be seen from this curve that the rate of growth in TDS has increased more
rapidly since 1999 than in the preceding 7 years. Although the earlier studies
predicted TDS increase due to lateral intrusion from the Atlantic Ocean, a monitor
well located at the beach access just north of the Best Western Ocean Reef in Kill
Devil Hills has not registered the increase in chlorides that would be expected from
such intrusion. Since the aquifer that is used by NRO is essentially unconfined, and
early test well indicated high TDS in the basement of the formation, the current
thinking is that the TDS increase experienced in the well field is caused by
upconing, not lateral intrusion. Wells 9 and 10 exhibited water quality very similar
to the original well field, but increased in TDS fairly rapidly, and are today only
slightly lower in TDS than the average of the original eight wells. The construction
of new wells, as mentioned earlier, is expected to once again slow the rate of
increase in TDS, as happened previously with wells 9 and 10.

FIGURE 2-1 ANNUAL AVERAGE FEEDWATER TDS
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2.3.3 Design Feed Water Quality

Table 2-1 shows a comparison between the original feed water quality (1989), the
expansion design feed water quality (2002), and the future design feed water
quality (2012).
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It will be noted that the future design feed water is based on the addition of only
sodium chloride to reach the target TDS of 6,000 mg/l. While this is not strictly
accurate, the basement water quality closely resembles seawater, whose sodium
chloride content is about 85% of the total constituents. For the design of an RO
system, sodium chloride represents the worse case condition in terms of salt
rejection and osmotic pressure. Also, since there is an increase in ionic strength,
the solubility product constants for potential scaling compounds increase
proportionally. It is therefore reasonable to assume that no increase in scaling
potential will occur, and the current pretreatment system will suffice for the future

design conditions.

FIGURE 2-2 CUMULATIVE INCREASE IN TDS
BY YEAR
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Permeate Quality

Based on the scenario discussed above, Table 2-2 shows the permeate qualities
related to the feed water quality in Table 2-1.




