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1.0 INTRODUCTION

1.1 Project Background

The North RO plant (NRO) 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 (ug/1). 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 pg/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(III).

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 2003, and full
compliance with the MCL is currently scheduled for January 22™ 2006.

In July of 2002, RosTek Associates, Inc. delivered to the County an initial report on
arsenic reduction strategies.! 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.

As the result of action by the Board of County Commissioners, a pilot test program was
authorized for the NRO as Task 2, based on the recommendations in the RosTek Task 1
report. Five processes were tested, beginning in March of 2003, and continuing into May
of 2003. The five processes tested were:

1. USFilter GFH™ adsorption process. RO permeate.
2. Severn Trent Water Sorb-33™ adsorption process. RO permeate.
3. Water Remediation Technologies Z-33™ adsorption process. RO permeate.
4. Manganese greensand. RO feedwater.
5. Nanofiltration (2™ Pass). RO permeate.

! «Arsenic Reduction Project, North Reverse Osmosis Plant. Task 1 ~ Overview Study.”
Rostek Associates, Inc. July 2002
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A report2 on the results of the pilot test program was submitted to the County Water
Department in November, 2003. A presentation to the County Commissioners was made
in December, 2003. RosTek Associates, Inc. was authorized to proceed with the design of
a new addition to the NRO treatment plant, using an adsorption process, in January of
2004.

The adsorption process efficiency will be enhanced by utilizing Mn greensand adsorption
to reduce the arsenic concentration in the brackish water used for blending. With this
conservative approach, the finished water arsenic concentration will always be less than
5ug/l, 50% of the 2006 MCL.

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

1. Addition to the existing RO process building to house the arsenic treatment
equipment

Modifications necessary to the underground piping

Disposal of the new treatment process residuals

Expansion the existing electrical system to accommodate the new processes

Modifications to the existing RO plant to relocate the blend water piping and
controls, and the post-treatment chemical feeds and controls

Modifications to the existing control system to incorporate the controls for the
new treatment processes

RN

o

The level of design included in this document is assumed to be about 30-35%. New
treatment process design and equipment sizing has been done and outline equipment and
materials specifications prepared. The civil/structural work necessary for configuration of
the building addition has been done, together with foundation requirements, site grading
and drainage revisions, and preliminary electrical design.

Included in this report are the following:

Process flow diagram

Preliminary P&IDs

Preliminary equipment layouts

Preliminary building details

Equipment and pipe sizing

Preliminary equipment selection

Electrical system discussion and single line diagram
List of specifications and drawings

Opinion of probable cost

RN AW =

2 «Arsenic Reduction Project, North Reverse Osmosis Plant. Task 2 ~ Pilot Plant Test Report.”
Rostek Associates, Inc. November 2003
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2.0 PROJECT DESCRIPTION

2.1 Overall Process

Dare County has experienced a significant quality issue at NRO, namely the ability to
reach compliance with the current arsenic Maximum Contaminant Level (MCL) of 10
ug/l, to take effect in January of 2006. Completion of Tasks 1 and 2 of the Arsenic
Reduction Project has resulted in the decision to use one of three proprietary adsorption
technologies successfully tested by the County in Task 2. The process decision is two-
fold. By taking As(IIl) out of the RO permeate, but not reducing the total arsenic in the
raw wellwater that bypasses the RO, the finished water arsenic concentration has been
estimated to be 6-8ug/l, depending on the wells in operation. If Mn greensand is used to
reduce the raw wellwater arsenic to 10ug/1, the finished water will have an estimated
arsenic concentration of <5 pg/l, allowing a margin of error for analytical inaccuracies,
and the potential for bypassing some permeate. Therefore Mn greensand is included as a
unit process in the new building.

For both treatment schemes, the process mechanism is similar, namely adsorption of the
arsenic on to an iron oxide or hydroxide surface. In the case of the Mn greensand system,
iron in the raw water is oxidized to the ferric state, and contributes to the arsenic
adsorption. The addition of sodium hypochlorite converts As(III) to As(V), thus
improving the efficiency of the adsorption by ferric hydroxide.

The overall process flow scheme proposed can be seen in Figure 1.

Permeate will enter the new building through new 20” diameter piping, below grade.
Once inside the building, the piping arrangement will permit the permeate flow to be split
into two streams, feed to the arsenic adsorption columns, and a full capacity bypass.

The bypass is provided to permit the operators maximum flexibility in maintaining the
target finished water arsenic concentration, particularly in future operations when it is
expected that the ambient arsenic concentration in the feedwater to the RO plant will
decline. When and if this occurs, and hydrogeologic data from current test wells indicates
that it will, the NRO plant permeate arsenic concentration could be reduced to below 10
pg/l. Under this condition, some of the permeate could be bypassed around the arsenic
adsorption columns. This would result in extended media life, and a reduction in the cost
of treatment.

The bypass will be isolated by an electrically driven butterfly valve, and will be equipped
with an insert magnetic flow meter. The quantity of water that is bypassed can be selected
by the operator so that the finished water, consisting of treated and untreated permeate,
and treated raw water, has an arsenic concentration less than the target concentration,
which is considered to be 5 pg/l.
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Permeate that is not bypassed will enter the first stage of the two-stage adsorption
columns. In initial operation this is expected to be 100% of the RO permeate. Several
vessels will be arranged in parallel, the number depending upon the technology to be
installed. A second stage treatment will take the effluent from the first stage vessels,
providing a level of polishing. The fully treated water will exit the adsorption system,
where it will be mixed with treated raw water that has bypassed the RO.

The bypassed raw water will be treated in a two-vessel Mn greensand system, to remove
iron and arsenic from the brackish water. The vessels are arranged in parallel, with each
sized to treat approximately 60% of the full flow expected at the planned plant buildout
capacity of 8.0 mgd. Sodium hypochlorite and ferric chloride will be used to oxidize the
As(III) to As(V), and form ferric hydroxide respectively. The ferric hydroxide, including
a contribution from the iron present in the brackish water, will adsorb the As(V). Periodic
backwashing will remove the sludge from the beds.

The treated water from the Mn greensand filters and from the adsorption columns will be
blended, and post treated with chlorine, corrosion inhibitor, and fluoride. pH adjustment
with caustic soda will also take place at this location, and the finished water will be sent
to the existing storage tanks. The post-treatment system is existing, but the application
points will be relocated from the existing RO process room to the new application point
in the new building.

2.2 Civil Works

The new water treatment process equipment will be housed in a new addition to the
existing process building. In addition to this structure, a wetwell will be constructed to
accept the backwash water from the Mn greensand filter system discussed in 2.1 above.
This wetwell will also be designed to accommodate the infrequent backwashing required
to “fluff” the media in the adsorption columns of two of the three competing vendors. The
third process, that of Water Remediation Technologies, operates in the upflow mode, thus
requiring no backwashing at all. Since the water to be treated is RO permeate, there will
be no accumulation of suspended solids on the adsorption media, thus there will be no
solids in the backwash. Because of this, the wetwell will be designed with two chambers,
one to receive the Mn greensand backwash and rinse, and the second to receive the
infrequent “fluffing” backwash.

The new building addition will be constructed to match the existing RO process room.
The finished floor elevation will match the current finished floor elevation. The existing
west wall will remain, and the existing outside door will provide access to the new
addition.

The space in which the addition will be constructed is presently unoccupied by any
permanent structures. There is a small wooden shed that will be relocated, and some
existing drainage features will need to be slightly modified. There is no vegetation on the
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site, and the geotechnical investigation shows consistency of material with good bearing
load potential throughout the site. A more detailed discussion of the civil/structural
design requirements can be found in Section 6.0.

2.3 Electrical

It is proposed that a small electrical room be included with the building addition. A feeder
will bring power from the existing NRO electrical room to a new 480V distribution
panel. The proposed electrical system is further described in Section 7.0

24 Instrumentation and Control

The new process addition will require limited expansion of the NRO control systems. It is
proposed that the arsenic adsorption backwash sequence for the two systems that will be
backwashed be entirely manual, due to infrequent backwashing requirements. The vessels
will be equipped with a loss of head package that will include a differential pressure
switch. These switches will be connected to the control room to alert the operators that
backwashing is required. At this time it does not appear as though other controls or
instruments will be associated with the adsorption system.

The manganese greensand system will be provided with a packaged control system that
will enable automatic sequencing of the backwash cycle upon operator initiation. It is
proposed that this be linked with the central control room only to provide status
information.

There will be other miscellaneous instrumentation and control devices associated with the
process addition, such as wetwell level instruments, the controls for the blend control
valve, and the relocated finished water instruments. It is proposed that a small PLC be
located in the electrical room to gather the various signals, and transfer them to the
existing PLC in the control room by a data highway. Section 8.0 more fully describes the
instrumentation and control requirements.

10




