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Background

Previous studies determined the need for a new water treatment facility
serving communities on Hatteras Island from Avon southward. Initial
capacity of the water treatment facility would be 1.8 mgd and
expandable to 3.0 mgd. The expansion to 3 mgd is expected around
the year 2010.

The “Future Water Supply Study” prepared by Boyle Engineers on
September 5, 1995, pointed out the feasibility and advantages of a two
process water treatment plant (WTP):

o Conventional Treatment of groundwater from the shallow aquifier
(50’ - 70’ depth) presently used.

e Reverse Osmosis Treatment of groundwater from a much deeper
aquifier (300’ - 600’ depth).

The WTP will initially be capable of producing 1.2 mgd RO and 0.6
mgd conventional treated water expandable to 1.8 mgd RO and 1.2
mgd conventional treated water. Test wells have been constructed to
obtain flow and quality data of the deeper aquifer water.
Modifications to the existing well field are also underway to improve
its flow and quality.

Focus has been directed to the shallow aquifier water. A pilot plant
was operated on-site using the existing well water to test a process for
removal of the high concentrations of organic matter, color, iron and
manganese. The treatment process consisted of anion exchange
followed by pressure filtration. This report presents the findings of the
pilot plant study.
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Outline of Report

The pilot plant results are presented in two sections. The first section
addresses the findings of the anion exchange pilot plant for
color/organic removal. The second section addresses pressure
filtration for iron and manganese removal. Recommendations and cost
estimates are presented in each section.
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Final Recommendation of the
Pilot Study

It was determined feasible to utilize the shallow groundwater aquifer
for blending with the RO treated water from the deeper aquifer. The
pilot plant verified the anion exchange process, followed by pressure
filtration, can provide properly treated blend water.

Pressure vessels containing media treated with anion exchange resins
attract and remove the color/organic materials. Chlorine is added to
the anion exchange finished water to oxidize the iron and manganese.
The iron and manganese can then be collected on a conventional
sand/anthracite pressure filter.

Capital cost of the anion exchange treatment facility was estimated at
$264,000. Capital cost of the pressure filter treatment facility was
estimated at $174,000. The total estimated cost is $438,000, well
within previous budgets of $540,000. The estimated cost of operation
and maintenance is less than $0.50 per 1,000 gallons based on the pilot
plant results.
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Section II - Color/Organics Removal

This section discusses the findings, conclusions, and recommendations
of the color/organic removal pilot test conducted at Cape Hatteras
Water Association’s Buxton water treatment plant from December 2,
1996, through March 17, 1997. The following headings are included in

this section.

e Background

e Objectives

e Approach

e Pilot Setup and Equipment
e Test Results and Discussion
e Conclusions

e Recommendations

e Cost Estimate

Section II - Page |




Background

Cape Hatteras, NC, experiences high concentrations of naturally
occurring organic materials in their shallow well waters. The well
waters also contain high concentrations of iron and manganese. These
materials cause the water to be highly colored.

Current water treatment practice in the Cape Hatteras Water Treatment
Plant adopts a combination of conventional clarification, which
includes air stripping, coagulation/flocculation, sedimentation, and
filtration, and cation exchange softening with chlorine disinfection.
Treated water quality, however, barely meets the current total
trihalomethane (TTHM) regulation, and the color level often reaches to
15 color units. o

Proposed disinfectant/disinfection byproduct (D/DBP) rules will
require water utilities to lower organic precursors or other chemical
compounds that can produce THMs when combined with disinfectants.
The Stage 1 D/DBP rule will limit TTHM concentrations to not more
than 80 pg/L and total haloacetic acid (THAA) concentrations to not
more than 60 pg/L.

Naturally occurring organic materials, often expressed collectively as
total organic carbon (TOC), are major precursor material for THMs
when they are chlorinated. Therefore, removal of the precursor
materials before they make contact with any oxidant/disinfectant is the
most logical approach to complying with the proposed D/DBP rule.

Historical THM formation potential (THMFP) in the Cape Hatteras
water source ranges from a low of 1,000 to greater than 3,000 pg/L.
The raw water color levels often reach over 200 color units; TOC,
ranges up to 20 mg /L. In addition, total iron concentration is around 4
mg/L, contributes color to the water.
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The anion exchange (ANIX) process was considered for the removal
of the organic materials from the shallow well water. Because of the
anionic nature of natural organic materials at natural pH levels (pH 6
to 8), ANIX resins have been used for the removal of the organic
materials.

This pilot test was designed to demonstrate the ability of ANIX resin
to remove organic materials, and ultimately to replace the conventional
treatment process which is incapable of meeting the new regulations.

Section II - Page 3




Objectives

The objective of this pilot test was to develop an optimized organic
removal process using ANIX resins. To reach this objective, the
following is required:

e Compare different types of ANIX resins for their ability to remove
TOC and THMFP.

e Determine the capacity of the ANIX resins in terms of BVs
throughput.

¢ Develop a method of determining the timing of regeneration.

e Determine optimum regeneration levels.
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Approach

Anticipated treatment processes at Cape Hatteras will be a
combination of reverse osmosis (RO), anion exchange (ANIX), and
iron and manganese removal processes. The RO treated water will be
blended with the ANIX and iron/manganese treated water. The theory
behind this treatment scheme is that the RO process will remove most
dissolved constituents in the raw water producing a product rich in
sodium chloride. On the other hand, the ANIX will remove only
nonvolatile organic materials and anions. Hardness causing cations
such as calcium and magnesium will not be removed during the ANIX
process. Based upon the current estimation, about 66 percent of raw
water will be treated with RO, and the rest of the raw water will be
treated with the ANIX and iron/manganese treatment processes. By
blending the two process waters, the hardness and alkalinity removed
during the RO process will be compensated by the hardness and
alkalinity present in the ANIX and iron/manganese treated water. In
addition, any remaining organic materials present in the ANIX and
iron/manganese treated water will be diluted to produce lower THMs
in the finished water. A dilution factor of about three for hardness and
THMFP will result from blending the treated waters.

Based upon an assumption that the THMFP of RO treated water is
very low, a maximum of 300 pg/L total THM can be tolerated based
upon the current TTHM regulation of 100 pg/L and three times
dilution. Stage 1 maximum contaminant levels are expected to be
effective in June 1998, and will limit TTHM concentrations to not
more than 80 pg/L. Stage 2 MCLs are expected in June 2004, and may
lower TTHM concentrations to not more than 40 pg/L. Therefore,
TTHM concentrations of finished water should be reduced
accordingly. To comply with the anticipated lower TTHM
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concentrations in the finished water, the raw water THMFP should be
minimized before chlorination.
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Pilot Setup and Equipment

Boyle Engineering Corporation (Boyle) partially assembled the ion
exchange test equipment in Bakersfield, California and shipped it to
the pilot test site at Buxton, North Carolina. The ion exchange portion
of the system was assembled on site, and ion exchange resins were
charged to the ion exchange vessels. A pilot plant schematic is shown
in FIGURE II-1. As shown in FIGURE II-1, the ANIX system consists
of three identical vessels. FIGURE II-2 is a photograph copy of the
actual ANIX pilot plant. Brine for the regeneration was prepared from
a saturated NaCl solution (about 25 % NaCl) provided by the Cape
Hatteras Water Association.

The ion exchange vessels selected for the pilot test are made of
stainless steel (304 SS) with PVC internals. All the pipings, valves,
and fittings used are schedule 40 PVC pipes and some brass. Major
equipment and ion exchange resin information are listed in the
following TABLE II-1:
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CAPE HATTERAS ANIX PILOT FLOW SCHEMATIC
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FIGURE II-2
CAPE HATTERAS PILOT TEST
ANIX PILOT PLANT
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TABLE II-1
CAPE HATTERAS PILOT TEST
MAJOR EQUIPMENT/ION EXCHANGE RESIN INFORMATION
ITEM MANUFACTURER DIMENSION/SPECS
Ion Exchange | American Product SS Tank | 18”0 x 50”H
Vessel
Raw Water American Eagle Pump 1 hp
Pump (20 gpm @ 35° TDH)
Brine Pump Cole Parmer 1/25 hp
(5 gpm @ 12’ TDH)
Electronic Cole Parmer Flow range:
Flowmeter/ 0.3 to 3.0 gpm
Accumulator
Flowmeter Kobold Flow range:
2to 13 gpm
Ion Exchange | ResinTech SIR-22-HP
Resin (acrylic)
(strong base Purolite Tanex
anion resin) (polystyrenic/acrylic)
Rohm & Haas IRA-900-CL
(polystyrenic)

The ion exchange portion of the pilot test started producing water from
the afternoon of December 4, 1996. Operational parameters of the ion
exchange pilot test are listed in TABLE II-2.

The ANIX system was intended to operate in the order of service,
backwash, regeneration, and rinse. Backwash, however, was not
practiced during the pilot test. Although precipitation of iron
compounds on the top of the ANIX vessels was caused by oxidation,
no inlet pressure buildup was observed during the pilot test.
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