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DARE COUNTY
RODANTHE, WAVES, SALVO WATER SYSTEM

ENVIRONMENTAL ASSESSMENT

INTRODUCTION

Pursuant to the requirements of the North Carolina Environmental Policy Act and
the Coastal Area Management Administration, the County of Dare has prepared an
Environmental Assessment (EA) for the construction of a water system to serve the
Hatteras Island villages of Rodanthe, Waves, and Salvo (refer to map following this
page). This Environmental Assessment is required to obtain necessary approvals to
construct the facilities which have been in the formative stage for several years. In
1986, Dare County acquired a tract of land in the Village of Rodanthe for the
purpose of constructing a water treatment plant, a well, and the water storage tanks.
The well was constructed at that time, and pumping tests were conducted to verify
the quantity and quality of water. Subsequent to the well construction, pilot tests
were conducted to determine the suitability of using membrane treatment (reverse
osmosis) for the water. Tests verified that the water could be treated for potable use
using reverse osmosis. In fact, tests indicated that the water would be of better
quality than the water at the Kill Devil Hills RO plant.

Plans are to design the system to accommodate water needs of the three villages to
the year 2010. The projected needs are based on The Carrying Capacity study
prepared by Booz, Allen and Hamilton in 1986, and the Comprehensive Engineering
Report prepared by Black & Veatch, Inc. in 1984. The maximum day demand in
2010 is anticipated to be 1.0 million gallons. The annual average day in 2010 is
estimated to be 310,000 gallons, or 113,000,000 gallons per year. Considering that the
recovery of potable water is 80% of the feed water, the annual withdrawal from the
aquifer is projected to be 141,000,000 gallons.
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This EA addresses an array of potential primary, secondary, and cumulative impacts
associated with the project construction and operation. Results of the assessment
indicate that the project will not impose any significant impact on the environment,
provided the design is completed in accordance with the impact avoidance/mitigation
measures described in this report, as well as those required by the contract drawings
and specifications. Conformance with these measures will be ensured during
construction through construction management and observation by the Engineer, the
County of Dare, and the North Carolina Department of Environmental Health and
Natural Resources (NCDEHNR).

PROJECT DESCRIPTION

Water System Design. It is proposed to use deep wells for the water supply using
reverse osmosis treatment to remove the chlorides and dissolved solids. The plant
will have an initial RO capacity of 1,000,000 gallons per day, with the ability to be
expanded.

Storage will be provided by means of 200,000 gallons in an elevated tank and
1,000,000 gallons in a ground level tank.

The distribution system will be comprised of a basic 12-inch diameter line along
Highway 12 through the three villages, with other lines being 2 inches through 8
inches in diameter. Fire hydrants will be located an average of every 1000 feet along
all lines 6-inches and larger in diameter. As proposed, the distribution system can
deliver 1,800 gallons per minute of water with a minimum pressure of 35 pounds per
square inch. This will provide the ability to meet not only the peak day demand, but
simultaneously deliver 500 gallons per minute fire flow. Based on the population
projections established in the Carrying Capacity Report, the system as proposed
would be adequate to the year 2010. Tables 1 and 2 summarize anticipated
projections.

Water Supply. The existing water supply in the Rodanthe, Waves, and Salvo area
consists of individual shallow wells of the upper water table aquifer that are mainly
captured rainfall. A previous study estimates that approximately 25 percent of the
annual rainfall (45 inches) is retained in this aquifer as a potential water supply.
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POPULATION PROJECTION - PERMANENT AND SEASONAL

TABLE 1

1985 1990 1995 2000 2005
Comprehensive Engineering 4,123 5,876 6,000 6,160 7,339
Report (1984)
Carrying Capacity Study
(1986):
Low Growth 5555 5813 6,151 6,514 6,800
Medium Growth 5,555 6,116 6,850 7,806 8,600
Rapid Growth 5,555 6,963 9,028 11,942 13,000

Dare County/24420.910

2010
7,500

7,200
9,500
15,000




TABLE 2

WATER REQUIREMENTS (mgd)

1995 2000 2005 2010
Maximum Day @ 0.72 0.82 0.92 1.02
Maximum Hour ® 1.44 1.64 1.84 2.04
Annual Average ® 0.22 0.25 0.28 0.31

@) 105 gped
@ 2 times Maximum Day

® 0.30 times Maximum Day
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Previous studies have identified a need in this area for a safe and dependable potable
water supply that would serve current and future development.

A testing project was undertaken to determine whether any groundwater exists which
can be treated by desalination. A test well was drilled approximately 300 feet south
of the Chicamacomico Lifesaving Station located in Rodanthe. The well drilling
anticipated finding the same aquifers that were found in the test well drilled in Kill
Devil Hills for the northern Dare County desalination project, although the aquifers
were expected to be deeper due to the general slope of the geological plates. The
drilling located the following aquifers:

Upper Aquifer. This is a watertable aquifer located approximately 8 to 30
feet deep containing fresh water and currently is used as the primary water
source for private wells in the three villages.

Lower Agquifer. This is a confirmed aquifer of loose sand, located
approximately 200 to 250 feet deep. The water, as tested at a depth of 211
to 216 feet, has the same salinity as seawater. Apparently there is a direct
connection between this water and the Atlantic Ocean.

Yorktown Aquifer. The Yorktown aquifer was found at elevations 330 to
600 feet, approximately the same depths as in Kill Devil Hills. Water is of
varying quality ranging from moderately brackish at the top to half seawater
strength at the bottom of aquifer.

Castle Hayne Aquifer. The Castle Hayne aquifer was not found, although
drilling continued to a depth of 1,400 feet. Further drilling was not done
since, in all likelihood, the water would be highly saline and costs would
prohibit deep well drilling.

The Yorktown aquifer at the test well consists mainly of confined sand. Driller’s
observation of the aquifer indicates that the well could yield in excess of 1,000 gpm,
not considering the effect on water quality. Water samples were taken from 332 to
342 feet deep and 507 to 517 feet deep. These samples were analyzed, both at the
well head and in the laboratory. Results of these analyses are shown in Table 3.
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TABLE 3

YORKTOWN AQUIFER WATER ANALYSIS

DEPTH OF SAMPLE
332342 f. 507-517 ft.

BODj (mg/l) <15 <15
Alkalinity, as C,CO4 603 528
Chloride (mg/1) 439 4,920
Color (PCU) 35 10
Conductivity @ 25 C (umhos/cm?) 2,250 14,000
Fluoride (mg/1) 1.58 156
Total Hardness (mg/) 94 890
Nitrate-Nitrogen (mg/) 0.055 0.062
Nitrate-Nitrogen (mg/l) <0.002 <0.002
pH (units) 8.0 75
Total Phosphorus (mg/) 0.074 0.048
Total Solids (mg/1) 1,430 9,480
Total Volatile Solids (mg/) 177 468
Total Suspended Solids (mg/l) 10 19
Total Dissolved Solid (mg/) 1,410 9,430
Sulfate (mg/) <2 530
Turbidity (NTU) 1.3 73
TOC (mg/) 151 134
Free Chlorine (mg/l) <0.1 <0.1
Silica (mg/l) 288 18.6
Strontium (mg/) 0.63 0.44
Silver (mg/l) <0.005 <0.005
Aluminum (mg/1) <05 <05
Arsenic (mg/l) 0.0005 0.0077
Barium (mg/l) 0.20 <0.05
Calcium (mg/l) 11.51 93.6
Cadmium (mg/1) <0.005 <0.005
Total Chromium (mg/l) <0.005 <0.005
Hexavalent Chromium (mg/1) <0.01 <0.01
Copper (mg/l) 0.009 <0.005
Iron (mg/) 0.635 1.236
Mercury (mg/l) <0.0005 <0.0005
Potassium (mg/l) 335 142
Magnesium (mg/l) 36.2 187
Manganese (mg/1) 0.014 0.028
Sodium (mg/) 540 3,330
Lead (mg/l) <0.05 0.032
Selenium (mg?t) <0.0005 <0.001
Zinc (mg/l) 0.03 0.087
SDI (units) Void 7
Temperature (deg F) 74 72
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The characteristics of the aquifer were further studied by setting an 8-inch well screen
at a depth of 300 feet to 450 feet, and conducting pump tests. To complete the tests,
an 8-inch diameter stainless steel casing was increased to 12-inch diameter to
accommodate the pump. The pump tests conducted were step drawdown, 24-hour
pumping and recovery, and a long-duration pumping test. The latter test was
performed to assess the potential for salt water intrusion and hydrologic connections
between aquifers. The pumping rate for the 24-hour and long-duration tests was 450
gpm, or less than half of the driller’s estimate of well capacity. This pumping rate
and the screen setting depth were selected to attempt to draw only from the top part
of the aquifer and limit the TDS of the potential supply to 2,500 mg/l or less.
Although terminated after 11 days due to equipment problems, the long-duration
pump test was originally intended to pump for 15 to 20 days.

Table 4 depicts the results of the analyses of water samples from the test well during
the long-duration pump test. Analysis consisted of tests at the well head for silt
density index, temperature, pH, turbidity, and iron concentration. These tests were
conducted each weekday with samples sent to the laboratory weekly to be analyzed
for a broad range of constituents which are factors in desalination process design.

The analyses concluded that the water is slightly brackish, high in alkalinity and TOC,
and relatively high in silica and fluoride. Iron concentration is relatively low, and no
problems are anticipated with iron scaling of reverse osmosis membranes. However,
the high level of alkalinity, when combined with the low calcium concentration,
creates a problem. The finished water will be corrosive due to the excellent removal
of membranes of calcium and alkalinity, but not carbon dioxide. To compensate, the
treated water will require post treatment of degasification for carbon dioxide
reduction, followed by the addition of lime or caustic soda to raise pH to stabilize the
water. Blending of raw water with RO permeate will also help to stabilize the
treated water, but blending may be limited by other factors.

The evaluation of the water quality of Rodanthe’s Yorktown aquifer confirms that
treatment of this water by a desalination process is feasible. There are no
constituents in the water which would prohibit its use as a feedwater for desalting.
However, the plant design should carefully consider all factors listed above to ensure
that the plant can successfully treat this water.
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TABLE 4

YORKTOWN AQUIFER WATER ANALYSIS

DAY OF SAMPLE
2 7
<0.2 <0.3
597 601
435 435
30 30
2,200 2,350
1.96 1.95
98 100
0.054 0.025
<0.002 <0.002
7.8 79
0.086 0.05
1,480 1,470
271 221
4 7
1,460 1,467
<0.1 <0.1
<2 44
0.3 3.0
115 117
<0.1 <0.1
6.1 27
0.75 0.72
<0.01 <0.01
<02 <02
<0.002 <0.002
<0.1 <0.11
948 9.40
<0.005 <0.005
<0.02 <0.02
<0.02 <0.02
<0.02 <0.02
0.052 0.048
<0.0005 <0.0005
38.5 358
20.6 199
<0.01 <0.01
588 527
<0.05 <0.09
0.0023 0.0025
0.024 0.026
0.8 0.6
70 70




The quantity of water which can be withdrawn from the Yorktown aquifer for
treatment in the area of the three villages, from either a single well or from a well
field, depends on the geological characteristics of the formation, the amount of water
stored in the aquifer, and preservation of water quality. As mentioned previously, the
physical characteristics of the formation will allow high yielding wells, in excess of
1,000 gpm, and perhaps as high as 2,000 gpm. This is confirmed by drawdown
measurements taken during pump testing. The apparent specific capacity of the
completed well is 20 gpm/foot. At well yield of 1,000 gpm, the drawdown is 50 feet.
This is within usual well design parameters.

Due to the relatively small raw water requirements for this area, a detailed study of
overall aquifer characteristics was not made. Comparison of this part of the aquifer
with the detailed information about the aquifer obtained from the test well in Kill
Devil Hills indicates that the raw water requirements of Rodanthe-Waves-Salvo can
be met from the Yorktown aquifer.

The projected wells required for the design period are shown in Table 5.
As illustrated, two wells will be sufficient to supply the area’s needs through 2010.
However, this is based on an average well production of 450 gpm.

It is also projected that one additional well be provided to serve as an emergency
back-up. Construction of this well could be delayed until sufficient data is available
to determine actual need. GMI, a groundwater consulting firm, analyzed the data of
the test well near Kill Devil Hills. GMTI’s typical well construction design is shown
in Figure 1. This typical well design was used to determine the probable well
construction cost.

Since only two wells are required, no significant raw water transmission main is
necessary. Raw water piping should be of inert material, preferably PVC or
fiberglass.

The pretreatment normally required for a groundwater desalination plant is less
stringent than for desalination of surface water.
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TABLE 5§

PRODUCTION WELLS REQUIRED

Design Year Water Demand Well Capacity
(mgd) (mgd)
1995 0.72 1.29
2000 0.82 1.29
2005 0.92 1.29
2010 1.02 1.29

* A total of two wells will be required for 1995 as well as 2010.

Dare County/24420.810

No. of Wells’

2.00
2.00
2.00
2.00




For desalination by reverse osmosis of the water sampled and analyzed, the
pretreatment required is acid addition for pH adjustment, scale inhibitor chemical
addition to increase recovery, and 5 micron cartridge filtration to protect the
membranes from suspended matter. This level of pretreatment is typical of a
majority of RO plants.

Water Treatment. Previous studies have evaluated all alternatives for the area’s
water supply and treatment. The most effective method to supply the long-range
need is desalination by the reverse osmosis process using the Yorktown aquifer’s
brackish groundwater.

Desalination processes are used when water contains dissolved solids that cannot be
removed by conventional treatment or when total dissolved solids are present in
sufficient quantity to make desalination processes cost effective. Typical dissolved
solids which, when present in sufficient quantity, require the use of a desalination
process include sodium, calcium, magnesium, sulfate, chloride, and bicarbonate.
Saline water is defined as water with chloride concentration greater than 250 mg/l
and total dissolved solids (TDS) concentrations greater than 500 mg/l. Saline waters
include salt water, which is undiluted seawater typically containing 35,000 mg/l TDS,
and brackish water, containing up to 10,000 mg/l TDS. Brackish waters include highly
mineralized groundwater and diluted seawater.

Dare County has an abundance of saline waters which are potential drinking water
supplies if desalination can be economically employed. Sources of saline water near
Rodanthe, Waves, and Salvo include:

+  The Atlantic Ocean.

Pamlico Sound.

Outer Banks groundwater, found in several aquifers of both brackish and salt
water at depths exceeding 100 feet.

Water treatment costs, both capital and operating and maintenance, are considerably
less for brackish water than for salt water. Since brackish water is available, salt
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