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Dare County B&V Project 02976.100
Desalination Project B&V File B

March 6, 1987
Revised December 31, 1987

To: Distribution

From: D. A. Todd

A. GENERAL

1. Project Description. The project is a nominal 3.0 mgd water supply and
treatment system to supplement the existing Dare County regional water
system facilities. The project will consist of the following major
components.

) Eight brackish water supply wells, including access roads to three
sites.

) A 3.0 mgd reverse osmosis water treatment plant.

o Plant auxiliary facilities, such as storage, laboratory, operator

facilities, visitor facilities, etc.

o Transmission pumping and piping to connect to the existing
transmission main.,

) A 5.0 mg prestressed ground storage reservoir.

o} A SCADA system for the entire regional water system, including all

existing facilities.

2. Location. The project will be located on the Baum-St. Clair tract in Kill
Devil Hills, Dare County, North Carolina. The treatment plant site consists
of 20 acres of unimproved land bordering Mustian Street. A 10-inch diameter
test well was constructed on this site in 1985. The County and the Town of
Kill Devil Hills own additional adjacent land, which will be used for well
sites and other municipal facilities.

3. Related Report. Black & Veatch prepared a feasibility study that
established the need for this project. The final report, Report on Water
Supply and Treatment Alternatives for Dare County, North Carolina, is dated
January 1987.

4. Future Expansion. The 1987 report indicates that the plant will be
expanded in the future to 12.0 mgd. This expansion will be planned for in two
stages as follows:
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) Size the initial building for 8.0 mgd of RO equipment, install 3.0

mgd of process equipment now, and add 5.0 mgd in modules of 1 mgd as

demand increases.

) Layout facilities on the site to allow for addition of 4.0 mgd of RO

treatment capacity through building expansion.

Also included will be space for two additional 5.0 mg ground storage
reservoirs.

The site may be used in the future for a waste-to-energy plant which will
supply electricity. Feasibility studies are yet to be completed for this.

5. Flood Elevation. Typical high water levels due to storm tides in the
area are 8 feet. The existing site elevation varies from 8 to 10 feet.

6. Utilities. Power will be supplied by North Carolina Power, a division
of VEPCO. Standby power will be as required by the State of North Carolina
keep a minimum amount of facilities operating.

There is no natural gas distribution system in the area.

7. Contracts. The project will be divided into separate construction
contracts as follows.

1. Well No. 1 and Observation and Monitoring Wells.
2. RO Equipment Supply and Installation.

3. Ground Storage Reservoir and Transmission Main.
4, General Construction.

5. Plumbing.

6. HVAC Construction,

7. Electrical Construction.

8. Wells 2 through 8.

9. Concentrate Discharge Piping.

A design memorandum dated October 28, 1986, was previously issued covering
Contract No. 1 and prequalification of contractors for Contract No. 2.

to
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8. Datum. USGS datum will be used.

9. Standards. Black & Veatch design and drafting standards will apply to
this project.

10. Regulatory Review. The following Federal and North Carolina regulatory
agencies will review the project.

o Division of Health Services, all contracts, for compliance with
public water supply regulations.

0 Department of Transportation, Contract 3 and 9, for work within DOT
rights-of-way.

o Division of Environmental Management-Groundwater Section, Contracts
1 and 8, for well construction and groundwater regulations. An
NPDES permit has been obtained from this agency for the brine
discharge. ‘

o Division of Environmental Management-Land Quality Section, Contracts
3, 4, and 8, for erosion control regulations.

o Federal Communication Commission, Contract 4, for the radio
communications of the SCADA system.

o Coastal Management Commission, Contract 9 for issuance of a CAMA
permit,

o The site is 3,300 feet from the airstrip at the Wright Brothers
National Monument. Depending upon structure height, review by the
Federal Aviation Administration may be required.

11. Land and Rights-of-Way. The water treatment plant will be constructed
on land owned by Dare County. The wells and raw water pipelines will be
located on land owned both by the County and the Town of Kill Devil Hills.
The transmission main will be located along Kill Devil Hills municipal
streets, and will connect to the existing transmission main within DOT
right-of-way.

Figure 7 shows the location of the project facilities and identifies the owner
of the property. The location of the wells may be subject to change based
upon initial drilling results and final requirements of the North Carolina
Division of Health Services,

12, Figures. The following figures providing additional information are
attached. All figures are in draft form.
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Figure 1 - Process Schematic
Figure 2 - NOT USED

Figure 3 - NOT USED

Figure 4 - Process Computer Block Diagram

Figure 5 - SCADA System Block Diagram

Figure 6 - (not used)
Figure 7 - NOT USED

B. SCHEDULE AND COST

B&V Project 02976.100
March 6, 1987
Revised December 31, 1987

1. Schedule. The project schedule originally called for water production

to begin July 1, 1988, The late start being made on the design makes it
difficult to complete the project on this schedule. However, vater use
records from 1986 indicate that the rate of growth in water demand is slowing,
and the entire plant will not be needed before July 1, 1989. Therefore, the
schedule below calls for the plant to be on-line by April 1989. The schedule

revision has been agreed to by Dare County.

The dates shown are approximate

completion dates, except that dates for completed activities are shown in

parenthesis.

DESIGN REPORT
Draft Complete
Final Complete
Revisions

CONTRACT 1 - Well No. 1
Design and Specifications
QC/State Review
Receive Bids
Complete Construction

CONTRACT 2 - RO TREATMENT SYSTEM
Design and Specifications
QC/State Review
Receive Bids
Complete Construction

(January 3, 1987)

(March 6, 1987)

As needed (June 9, 1987)
(December 30, 1987)

(January 1987)

(February 1987)
(April 22, 1987)
(July 31, 1987)

(September 10, 1987)
(October 1, 1987)
(November 18, 1987)
April 1, 1989
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CONTRACT 3 - RESERVOIR AND TRANSMISSION MAIN

Design and Specifications (October 1, 1987)
QC/State Review (October 15, 1987)
Receive Bids ' (December 2, 1987)
Complete Construction June 15, 1989
CONTRACT 4-7 - WATER TREATMENT PLANT
Design and Specifications January 15, 1988
QC/State Review February 15, 1988
Receive Bids March 15, 1988
Complete Construction July 1, 1989
CONTRACT 8 - WELLS 2-8
Design and Specifications December 31, 1987
Quality Control Review January 7, 1988
Receive Bids February 1, 1988
Complete Construction February 1, 1989
CONTRACT 9 - CONCENTRATE DISCHARGE OUTFALL
Design and Specifications July 1, 1989
QC/State Review August 15, 1989
Receive Bids September 15, 1989
Complete Construction February 1, 1989

2. Cost Opinion. The preliminary opinion of probable construction cost
is as follows.

CONTRACT 1 » (1)
Vell 1 $ 145,300
CONTRACT 2 (1)
5.0 mgd RO System 1,890,000
CONTRACT 3 (1)
5.0 mg Reservoir 1,650,000

CONTRACT 4,8
Vater Plant Buildings, Site Work
SCADA, and Wells 1 through 10 Well

Houses and Raw Water Pipelines 2,800,000
CONTRACT 5

Plumbing 80,000
CONTRACT 6

HVAC 100,000
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CONTRACT 7

Electrical , 385,000 i# s 8EII0
' /, 297,765
CONTRACT 8 ' T
Wells 2 through 8 820,000 2,88/
CONTRACT 9 w/oert
Concentrate Discharge Piping . __+300,000 Hoz,02
$ 8,170,300
Construction Contingency 5% 408,515
Power Company Cost 200,000
Construction Total $ 8,778,815

(1) Based upon actual bid amount or final payment amount.

The cost opinion for each contract includes a contingency.

C. VATER QUALITY

1. Raw Vater. Rav water will be supplied from 8 wells to be constructed

as part of this project, Well field design and wvell sizing vere determined by
a subsurface exploration program by Layne Atlantic and further data analysis
by Missemer and Associates after construction and testing of production

Well 1.

Water will be withdrawn from the Yorktown aquifer. The exploration program
has shown that the aquifer salinity varies from top to bottom, with a blended
wvater salinity of approximately 2,100 mg/l TDS. Table 1 shows the anticipated
raw wvater quality, based upon sampling from the first production well. It is
assumed that water quality will deteriorate with continued pumping, and that
TDS values could increase by a maximum of 20 percent.

Pilot plant work done on water from the test well indicates that iron fouling
or scaling is not a problem.

2. Product Water. Table 1 shows the required product water quality.

3. Concentrate. Table 1 shows the anticipated quality of the concentrate.
This quality is based upon 75 percent recovery and the maximum possible
rejection of dissolved solids.

5/5£Yﬁ



Table 1

WATER QUALITY

Parameter Feed Product
Barium (mg/1) 0 <1.0
Chloride (mg/l) 953 ' <225
Calcium (mg/1) 19

Chromium (mg/1) 0 <0.05
Copper (mg/l) 0 <1
Fluoride (mg/1l) 1,6 1.8
Iron (mg/l) 0.185 <0.3
Lead (mg/1) 0 <0.05
Magnesium (mg/1) 24

Manganese (mg/1) 0 <0.05
Sodium (mg/1) 659 <100
Strontium (mg/1) 0.75
Alkalinity (mg/1) 318

Sulfate (mg/l) 38 250

S$io, (mg/l) 14
Total Dissolved

Solids (mg/1) 2117 450
pH (units) 8.0 6.8-8.0

Temperature deg C 20
Silt density index 4.0
Turbidity Ot6'0-8 100
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D. FACILITIES PROVIDED

1. Vater Supply VWells. A total of 8 wells will be constructed for the

3 mgd RO plant. Wells will be provided with a well house constructed of
concrete block, and have a 100 foot diameter protected area in accordance with
state regulations.

Number of Wells 8

Well Capacity, gpm 500

Total Wellfield Capacity, mgd 5.8

Depth of Screen, feet below surface 320-420

Pump type submersible

HP varies per well, max 50

Local Instrumentation
Vortex shedding type flow meter
. Flow indicator
Control
Local On-0ff-Remote
Remote On-0ff through SCADA

Vells will be constructed of inert casings (PVC or fiberglass). Well drilling
will be without bentonite drilling mud, which can damage RO membranes.

Pumps will be of all stainless steel construction. Well head piping and
valves will be stainless steel or fiberglass.

Where the required size of the well casing is greater than available PVC
or FRP products, a double casing shall be used. The outer casing shall be
carbon steel with an inner PVC or FRP casing. The space between inner and
outer casings will be grout filled. Well houses will be constructed of
concrete block with wood siding finish.

The potential use of a prefabricated well head is being reviewed, with such
use depending upon the acceptance of State regulatory agencies and economic
analysis.

2. Rav VWater Pipelines. Raw water pipelines will be constructed of
reinforced fiberglass pipe or high density polyethylene due to the corrosion
potential of the brackish water. Piping will be designed to carry water from
the well to the pretreatment units without introducing air into the water.
Pipe will be designed to use native sand as bedding material. Maximum
pipeline velocity will be 5 fps.

3. RO Pretreatment. Pretreatment for proper operation of the RO treatment
units will consist of removing suspended solids larger than 5 microns with
cartridge filters, addition of acid for pH reduction, and addition of a scale
inhibitor chemical. Chemical feed systems are discussed later in this

design report,
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Cartridge filters will be constructed of 316 stainless steel with wound cloth
filter elements which are replaceable. A false bottom will be included.

Experience with recent large RO plants indicates that the RO system contractor
can best optimize the cartridge filter system through actual quotations from
filter manufacturer. The most important design parameter is to limit the flow
rate to 5 gpm per 10-inch long filter element, with a 10 percent increase
above this allowed with one filter out of service. The contractor can then
determine the optimum number of filter elements and filter vessels.

Filters will operate in parallel, with all filters taking suction from and
discharging to common headers. This will facilitate continued plant operation
when any one filter is out of service.

Present Future
Number of filter vessels * *
Capacity, max gpm per 10-inch
long filter element
All filters operating 5 5
One filter out of service 5.5 5.5

* To be determined by contractor.

Local instrumentation
Inlet and outlet pressure gages across bank of filters
Differential pressure transmitter across bank of filters, transmit to
process computer

Each filter equipped with suction and discharge isolation valves.
Pipe nozzels: stainless steel

Vessel drain from beneath outlet

4. RO Feed Pumps. The RO feed pumps will be a part of the RO equipment
supplied under Contract 2. Pumps will be variable speed, vertical turbine can
type, taking suction from the cartridge filter discharge header. Each pump
will feed directly to an RO unit. The pump will be designed so that stages
can be added or deleted. All pump internals will be of 316 stainless steel.
An overhead hoist will be provided. Speed control will be automatic through
the process computer,
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Present Future (Total)
Number , 4 8
Capacity, each gpm (mgd) 1,000 (1.44) 1,000 (1.44)
Pump Head, feet 650 (approx)
Motor, hp 250 (approx)

Local Instrumentation
Discharge pressure gage
Suction pressure switch (low pressure cutoff)
Suction pressure gage

Control
Local On-0ff-Remote
Remote control through process computer

Pump start-stop will initiate programmed control sequence for
associated train

5. RO Treatment Units. RO treatment units will consist of spiral wound
membranes inside pressure vessels, support racks for pressure vessels,
interconnecting piping and valves, and associated instrumentation. All wetted
parts will be either stainless steel, fiberglass, or PVC. Frames will be
coated steel or fiberglass.

RO plant experience indicates that membranes will lose capacity with time, as
the flux (gpm/unit membrane area) decreases. Initial operation will be 75
percent recovery. Changes in recovery are possible to account for water
quality changes or membrane deterioration.

The contract documents will allow the contractor to optimize the process
through selection of the rate of recovery, number of stages, number of
elements, operating pressure and amount of water to be bypassed. The
specifications will indicate a maximum flux (gal/SF membrane area/day) to
avoid overloading of the membranes.

Present Future (Total)
No. of RO units 3 8
Estimated No. pressure vessel per unit 30
Estimated No. membrane per unit 180
Capacity, mgd per unit at 75% recovery 1.0
No. stages per unit 2
Flux, gpd/sf, lst stage 17
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Controls
One brine flow control valve per train, motor or pneumatic operated
with remote control and local manual override; remote control through
process computer.

Each RO treatment unit equipped with product water flowmeter,
reject flowmeter, pressure gages to measure pressure drop across
each stage, product and reject conductivity and pH meters.

6. Clearwell. A separate clearwell is not required, since the ground
storage reservoir will provide adequate storage.

Finished water piping will allow future construction of a clearwell. A
clearwvell would be needed in the future if degassification of the finished
vater is required to remove hydrogen sulfide or carbon dioxide. Although
water analysis does not indicate that hydrogen sulfide will form, experience
with coastal groundwater indicates this provision is warranted.

7. Transmission Pumps. Transmission pumps will be installed to pump

finished water from the ground storage reservoir to the transmission main.

The transmission main will receive input from the pumps at the Roanoke

Island and Fresh Pond water treatment plants as well as from these pumps, and
will discharge to six separate ground storage reservoirs, including the one at
this plant. To allow for more efficient operation of all pumps pumping, these
new transmission pumps will be variable speed.

Present Future (Total)
Number @7 5 4
Capacity, each, gpm (mgd) 2780 (4.0) 2780 (4.0)
Pumping Head, ft 100 100
Motor, hp 100 100
Low Water Cutoff, El. 13.0 13.0

Check valve for each pump

Local Instrumentation
Suction and discharge pressure gages.
Flow tube for total flow.

Control
Local On-0Off-Remote.
Remote control through SCADA system.
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8. Transmission Main. A transmission main to connect the treatment plant
to the existing transmission main will be constructed. Maximum pipe velocity
will be 5.9 fps at 12 mgd.

Diameter, inches 30
Pipe to be ductile iron, cement lined

Transmission piping will be arranged for the following operating conditions.

1. Allow the ground storage reservoir to f£ill from the transmission
main when the transmission pumps are not pumping.

2. Allov the ground storage reservoir to float with the other five
reservoirs on the transmission system.

3. Allow the transmission pumps to take suction from the ground storage
reservoir and pump to the transmission system.

9. Ground Storage Reservoir. A circular prestressed concrete ground storage
reservoir will be constructed.

Capacity, mg 5.0
Diameter, ft 160
Depth, ft 32
Bottom Elevation, ft 10
Overflow Elevation, ft 42
Instrumentation

Level Gage

Telltale

Level signal to SCADA system
Reservoir will be equipped with an altitude valve, and will hydraulically
float with the other reservoirs which receive water from the existing
transmission main.

Addition of two future 5 mg reservoirs will be provided for.

10. Concentrate Outfall. An ocean outfall shall be constructed to dispose
of RO treatment concentrate to the Atlantic Ocean.

Initial Future
(3 mgd plant) (12 mgd plant)
Concentrate flow, mgd 0.9 3.6

(based on 75% recovery,
10 percent blend)




