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. CHAPTER 1

INTRODUCTION

The North RO plant operated by the Dare County Regional Water System at Kill Devil
Hills, North Carolina, is the only water treatment plant in the County system that has an
elevated level of arsenic in the raw water source. At the time the plant entered service in
August 1989, the Maximum Contaminant Level (MCL) for arsenic in the Federal and
State drinking water standards was 50 micrograms/liter (.g/l). The product water
produced from the NRO plant was well in compliance with this MCL, with an average
value from compliance testing of 15.5 pg/l between 1989 and 2001. During this period of
time the average arsenic concentration in the NRO plant feedwater was approximately 60
ug/l. Speciation of the arsenic revealed that two forms are present, As(III) and As(V).
Arsenic (V) is very well rejected by the NRO plant’s membranes, but As(III) is not.
Virtually 100% of the arsenic in the permeate was found to be As(IH).

In 2002, the MCL for arsenic in drinking water was lowered from 50 pg/l to 10 pg/l.
Public notification of non-compliance was mandated for January of 2002, and full
compliance with the MCL is currently scheduled for January 22™ 2006.

In July of 2002, RosTek Associates, Inc. delivered an initial report on arsenic reduction

. strategies to the County." This report reviewed the history of arsenic in NRO plant
waters; reviewed emerging technologies for arsenic reduction; examined the potential for
alternate water sources; provided conceptual costs; and recommended the next step of
pilot testing those technologies that best fit the situation at the NRO.

This document reports on the findings of the pilot testing program, during which five
strategies were evaluated, provides cost opinions at a higher level of accuracy than Task
1 and provides a road map for moving forward to compliance.

. !« Arsenic Reduction Project, North Reverse Osmosis Plant. Task 1 — Overview Study”. RosTek
Associates, Inc. July 2002,
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CHAPTER 2

PILOT TEST EQUIPMENT

2.1  The Processes

The Task 1 report identified several processes that appeared to fit the constraints
that the configuration and space limitation of the NRO plant impose on the
arsenic reduction project. The major constraints are tabulated below:

e The selected process must be compact enough to fit in the limited space
available immediately behind the existing plant building and/or in the space
immediately north of the building. The later site would require relocation of
existing staff and water system vehicle parking. The space requirement
assumes the capacity of the arsenic system would ultimately be 8.0 MGD, the
current build-out capacity of the NRO membrane treatment plant.

e Given the location of the NRO plant, and the distance to solid waste disposal
landfill, it is desirable to select a process with minimum sludge generating
capability. A process with zero studge production would be optimum in this

. regard.

e Since the existing NRO plant is a membrane water treatment plant, a
membrane-based solution would be very desirable, given staff familiarity and
expertise with this type of process.

o Since part of the raw water is blended with RO permeate to increase hardness
and alkalinity in the finished water for corrosion control reasons, a process
suitable for reducing the arsenic in this blend water would provide a “safety
margin”, in the event the MCL is lowered in the future. If the blend water
were not treated, the resulting blend would have an arsenic content of about 8
ug/l, very close to the current MCL. By reducing arsenic in the blend water to
10 pg/l or less, the finished water arsenic will be approximately 5 pg/l.

e Ifa process which involves solid waste disposal is selected, which would be a
once-through adsorption process, of some type, the selected vendor must be
prepared to replace the spent adsorption media, and dispose of it on a long
term contracted basis, relieving the county of the responsibility and liability.
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2.1.1 Raw Water Treatment

The process selected for the treatment of the feedwater for blending purposes was
manganese greensand oxidation and filtration. In the literature search in Task 1, it
was frequently reported that arsenic can be adsorbed on an iron floc, and removed
by filtration. Based on the research, it was clear that As(III) needed to be oxidized
to As(V), and a small dose of an iron salt added to adsorb the arsenic. This floc is
filtered by the manganese greensand bed, and essentially free from arsenic, can be
blended with the RO permeate that has been treated for arsenic removal in a
separate process.

During the Task 1 study, the feasibility of treating the whole feedwater flow was
examined, and determined not to be feasible, because of equipment size and
sludge volume. However, a much smaller system would be needed for treating the
blend water.

Full scale feed treatment volume @ build-out @ 75% recovery:  ~10.5MGD
Blend water treatment volume @ build-out: ~1.0 MGD

The greensand pilot test equipment was leased from Hungerford & Terry, Inc.
The equipment consisted of a 9” diameter fiberglass tank containing the
greensand media, and two chemical systems for sodium hypochlorite (bleach) and
ferric chloride. Ferric sulphate may also be used, and may be the preferred ferric
salt for full scale, since it is somewhat easier to handle, and is less corrosive than
ferric chloride. Ferric salt addition was required because the adsorption capacity
of the natural iron in the feedwater was insufficient to collect all the arsenic in the
water. The bleach system was used to oxidize the natural iron from the ferrous to
the ferric state, and to oxidize As(IIT) to As(V).

2.1.2 Permeate Treatment by Adsorption

e s==

Three technologies in this category were tested, and although each uses a
proprietary media, the mechanisms are very similar. Each uses a media that
utilizes ferric oxide or hydroxide to adsorb the arsenic from the water. One of the
attractive characteristics of these processes is that As(Ill) is effectively removed
without the need for oxidation to As(V). In addition because the arsenic-bearing
water is RO permeate, it is extremely clean and essentially devoid of any
components that would compete for adsorption sites on the media. All three
vendors predicted that expected media life would be eighteen months to two years
at a flow rate of 5 MGD.

A. US Filter GFH™, This system uses a media called Granular Ferric
Hydroxide, which is loaded into vessels very similar in size and shape to
the ion exchange vessels at the County’s Skyco plant. The pilot equipment
was purchased by the County, and is still located at the NRO plant. It
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. consists of 14 inch diameter fiberglass tank containing about 32” of GFH
media. A control head is mounted on top. This device controls the service
flow and backwash, and totalizes the volume of water treated.

B. Severn Trent Services Sorb 33™., This system also uses a granular media,
but differs from the US Filter process in that the adsorption surfaces are
ferric oxide, rather than ferric hydroxide. The media is contained in
vessels similar to the Skyco ion exchange vessels. The pilot equipment
consisted of a 4 inch diameter clear PVC column, 5 feet tall, equipped
with piping and valves, flow and pressure instruments, and filled with the
media, Bayoxide® E33. The column operated in the down flow mode, like
a conventional filter, Provision was made for a periodic backwash, or
“fluffing”, of the media bed by directing the feedwater to the bottom of the
column to lift the bed for a short period of time. This feature was not used,
and given the high physical purity of the permeate, this backwash step
would likely be very infrequent in full-scale operation.

C. Water Remediation Technology Z-33™. The third adsorption process
differs from the USFilter and Severn Trent processes in the geometry of
the beds, and the media itself. The media is a chemically modified zeolite
that occurs naturally in the USA. It adsorbs arsenic readily, and like the
other two types, when exhausted it is not regenerated, but rather replaced.

. The full-scale plant differs also in that the media is contained in rather tall
slender columns, and the water passes upward through the media. The
velocity of the water causes the media to separate slightly, allowing the
water to contact the entire surface area available. The pilot plant was
leased, and was built into a small closed trailer. Because of the height
limitation of the trailer, short columns of 6” clear PVC were used, piped in
series to simulate a full height column. Twelve of these columns were
installed in the trailer, and samples were taken at the exit of each. Since
the bed operates in up-flow mode, backwashing is not required for this
process, so there is no liquid waste stream.

2.1.3 Membrane Pilot

A small pilot plant was leased for the membrane test. The feedwater for this unit
was permeate from the NRO plant at the rate of 25 gpm. This permeate steam was
chemically treated to convert As(II) to As(V) by adding approximately 0.5 mg/l
of commercial grade bleach as an oxidant. Because modern RO membrane are
sensitive to chlorine, the excess added as beach was quenched with sodium
bisulphite so that no chlorine entered the membranes.

The membranes used for this test are called nanofiltration (NF) membranes. NF
membranes differ from brackish water RO membranes in two important
. characteristics when applied in this situation. NF membranes have low rejection




Final Report

of sodium chloride, the primary constituent of the NRO plant permeate, but good
rejection of calcium, magnesium and other divalent and higher irons, such as
As(V). NF membranes also operate at much lower pressure than RO membranes
to produce the same volume of water.

For this test, the NF pilot plant was set up to operate at a high recovery (90%) and
high flux compared to the NRO plant. Since the feedwater was permeate with
essentially no fouling potential, an average flux of 20 gfd was selected. The
advantage of high flux is the reduction in membrane area needed for the full-scale
system.

The recovery was set at 90%, since there is no scaling potential in the NRO
permeate.

The pilot plant was equipped with sufficient instrumentation to monitor the
operation of the plant. Sampling for arsenic was done not only for the NF
permeate, but also for the concentrate, since in full-scale this will be recycled to
the NRO plant feedwater, and ultimately be discharged as RO plant concentrate.
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CHAPTER 3
PILOT TEST RESULTS
3.1 General Discussion

As discussed earlier, five pilot plants were tested at the NRO plant. One of these,
the greensand filter, was originally intended as a treatment for the feedwater to the
RO plant. The other four were selected to treat the permeate from the RO plant,
reducing the As(III) in the permeate to a level well below the current MCL of 10

pg/l.

All of the tests were successful, measured against the objective of arsenic
reduction. The feedwater test reduced the total arsenic in the feedwater from an
average over 60 ug/l to less than 15 pg/l. The permeate tests resulted in arsenic
reduction from an average of 14.6 pg/l over the test duration to less than 1 pg/l in
all samples except one. '

As discussed in the Task 1 report, one of the difficulties associated with the
lowered arsenic MCL is the variability of analytical results. This has been
recognized by USEPA (see Task 1 Report, Chapter 1, page 11), and was
experienced to some degree during the pilot test sampling program, To make sure
that future analyses performed on the operating system do not cause an MCL
violation, an objective was to reduce arsenic to as low a number as possible.

The processes selected for testing on the permeate were done so on the basis of
minimizing or eliminating any waste produced on a daily basis. The three
adsorption processes use a media that will eventually need to be replaced, and the
exhausted media disposed of. Each of the three companies whose process was
tested indicated that they would contract with the County to remove and replace
their own material.

The greensand filter used for treating the RO feedwater will generate a small
amount of sludge. In the Task 1 Report, this was estimated at 80 1bs dry solids per
day per million gallons treated. Piloting this process reduced this estimate to
about 25 Ibs per day per million gallons treated, or about 50 Ibs of 50% solids per
day per million gallons. This sludge is derived from the filter backwash, which is
very dilute, and requires settling and pressing to achieve the 50% dry solids

target. Disposal of this sludge will be in a sanitary landfill, while the water from
backwashing can be combined with the RO plant concentrate.

The NF option for removing arsenic from the RO permeate will generate no
waste, except for the membranes, which are assumed to have a 3-year life. The
County experience with RO membranes is 10-year life. However there is some
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indication (Task 1 literature search) that As(V) may be absorbed in the surface of
the membrane, and over time will shed in to the permeate side. Thus a shorter 3-
year membrane life was assumed for the NF O&M cost opinion.

The concentrate from the NF can be recycled to the RO plant feedwater, and since
the arsenic is in the As(V) form, will not contribute to additional arsenic in the
RO plant permeate.

Use of the NF option will however result in two significant changes to the current
operation; reduction in NRO plant capacity and extremely high quality permeate.

Increasing the blending ratio could possibly offset these two changes. The current
plant operation standard is to blend 10-15% of raw water with the RO permeate,
to provide some calcium and alkalinity in the blended water. These two
components, together with pH adjustment and the addition of a corrosion
inhibitor, make the finished water stable and non-corrosive.

Figure 3-1. Total Concentration of Arsenic in Individual NRO Plant Wells
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Increasing the blend ratio will require that the blend water be treated for arsenic
removal when the NRO plant is initially modified. Without this treatment, the
blend will be limited by the arsenic concentration in the blended water. This
blending limit is removed by reducing the arsenic in the raw water. However, the
raw water also contains the organic precursors to trihalomethanes (THM), and the
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presence of these precursors may limit the blend to something less than is
desirable for the purpose of achieving stability.

Figure 3.1 shows the total arsenic concentration in each of the ten feedwater
wells. These data are from July of 2002, and are consistent with the similar data
reported on the Task 1 Report. The highest value is well #7, at 56.5 ug/l,
compared to 55 ug/l for the same well in November of 2001.

3.2 Individual Test Results

3.2.1 Feedwater Treatment

The Hungerford and Terry Manganese Greensand filter was set up to operate with
2.5 mg/l of sodium hypochlorite to oxidize As(IIl) to As(V), and 2 mg/l of ferric
chloride to adsorb the As(V). The raw water contains 0.5 to 0.7 mg/l of iron
naturally, and this iron was also oxidized from the ferrous to the ferric (insoluble)
state by the sodium hypochlorite. The requirement for iron oxidation is much
greater than the hypochlorite required to oxidize the As(III), which explains the
need for the relatively large dose of hypochlorite.

Figure 3-2  Influent and Effluent As Concentrations for the Greensand Filter
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Figure 3.2 shows the total arsenic in the raw water, compared with the total
‘ arsenic in the effluent from the test column. Note that two of the feed arsenic
concentrations are significantly higher than any one of the individual well
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readings, again pointing out the difficulties being encountered in obtaining
reliably accurate analyses for arsenic at commercial laboratories. All samples
were split and sent to two laboratories, Huffiman Laboratories, Inc of Golden,
Colorado and Frontier Geosciences, Inc. of Seattle, Washington. This was done
with all samples for all the tests. These laboratories were used because they have
the capability of speciating As(IIT) and As(V), a capability that exists in only a
very few commercial laboratories.

Based on the reported values, only the test of May 13 appears to be accurate,
since the reported values were 87 ug/l and <86 pg/l. The Frontier analysis for
April 30 reports 11 pg/l compared with Huffman’s report of 88 pg/l.

Examination of Figure 3.2 reveals that the effluent arsenic was increasing toward
the end of the test period. This again appears to be a problem with the accuracy of
the analyses, since Huffman reported 17 pg/l and 32 pg/l, while Frontier reported
8 ug/l and 2 pg/l for the same sample.

Some difficulties were experienced with regulating the chemicals to the unit. This
is typical of small flow pilot plants, since the chemical feed rates are very low,
and the chemical metering pumps are operating at the bottom end of the stroke
and speed range. (See operators log in Appendix 4).

An attempt was made to quantify the amount of sludge produced by settling and
decanting the liquid, and weighing the resultant wet floc. A snapshot between
May 15 and May 21" gives a total flow of approximately 13,000 gallons through
the filter. After backwashing at 4.5 gpm for 15 minutes, a volume of 67.5 gallons,
the settled floc weighted 9 Ibs. The most optimistic estimate for the concentration
of this floc is estimated to be about 1%. This translates into about 80 Ibs of dry
solids/1 million gallons of water treated, slightly higher than was previously
estimated but still relatively low. '

In general, the greensand test generated some useful data, meeting the objective of
demonstrating arsenic removal with a relatively low consumption of chemicals.
The operators in maintaining the operation of the chemical feed pumps
experienced difficulties, but this will not be an issued in full scale.

This is a process that has been in use for many years, and several companies can
provide the necessary equipment, providing a competitive environment for -
bidding during the construction phase. The costs presented in Chapter 4 of this
report were obtained from Hungerford & Terry, who supplied the pilot plant
equipment.




