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1.0 SUMMARY, CONCLUSIONS, AND RECOMMENDATION

1.1 PROJECT COST

The overall project cost opinion is $6,000,000 or §7,060 per connection
based on all of the potential users connecting to the water system. A
contingency of approximately 10 percent has been added to the construction and
development costs. Also, $700,000 has been included in the overall project
cost opinion for interest during the construction and development period.

These factors provide a conservative cost opinion.

1.2 PROJECT FINANCING

It is suggested that the initial tap fees be in accordance with the
present Dare County policy, and that these funds be used in the initial years
to help defray the debt requirements. The cost of taps for 761 connections
($280,750) is included in the overall initial capital cost budget.
Additionally, it is suggested that each lot be assessed $1,000 to cover the
cost of the water distribution system. Once the system is operational new
connections will come under the County’s policy for payment of the $2,000
impact fee plus the cost of service tap. The $1,000 assessment per lot will
be set up so that the property owner may pay it over a five-year period at a
reasonable interest rate - something in the range of 6 percent.

Annual lease-purchase payments will average approximately $510,000 per

year for twenty years based on an overall project cost of $6,000,000.

1.3 TUSER COST

Revenues have been projected on an average annual daily water usage of
135,000 gallons, while the 0&M cost for treatment of water has been based on
an average annual daily water usage of 310,000 gallons. This difference in
volume is due to the question of just how much water will be used by the
tourists and seasonal inhabitants over a twelve month period. This will cover
the higher use of O&M and the lower use for revenue. Water rates used in
calculating revenues are the same as currently used on the Dare County Water
System - $15.00 minimum for 3,000 gallons and $4.00 per 1,000 gallons for all
over 3,000 gallons per month. Revenues have been figured low purposefully in

order to be conservative.
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Average water bill is based on approximately $21.00/month for annual
revenue projectioh - this includes restaurants, motels, campground, as well as

residential.

1.4 WATER SYSTEM DESIGN

It is proposed to use deep wells for the water supply with 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 placed an
average of 500 feet apart 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 translates
into the ability to meet the peak day demand and deliver 500 gallons per
minute fire flow at the same time. Based on the population projections set
out in the Car;ying Capacity Report, the system as proposed would be adequate

to the year 2010.
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2.0 INTRODUCTION

2.1 PURPOSE AND SCOPE

In 1982, Dare County initiated a study to investigate the water
supply and treatment alternatives available to serve Rodanthe, Waves, and
Salvo. This report is based on the alternative Dare County selected to
supply the area’s water needs.

This alternative was selected because it would supply the area’s
water needs beyond the foreseeable future and use new technology for
treating the water supply.

The scope of this study includes (1) population projection, (2) water
requirements, (3) water facilities needs and cost analysis, and (4) the
project financing.

The study period covers the years through 2010.

2.2 RELATED REPORTS
Reports reviewed and considered under this study or related this

study are as follows:

. Comprehensive Engineer Report, Black & Veatch, Inc., Asheboro,
North Carolina, 1984.

. Water Supply and Treatment Alternatives, Black & Veatch, Inc.,
Asheboro, North Carolina, 1987.

. Well Test Analysis Report, Groundwater Management, Inc., Kansas
City, Kansas, 1986.

. The Carrvying Capacity Study, Booz, Allen & Hamiltom, Inc.,
Bethesda, Maryland, 1986.

. Water Supply and Treatment Alternatives - Rodanthe-Waves-Salvo,
Moore, Gardner & Associates, Asheboro, North Carolina, 1982.
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3.0 POPULATION PROJECTION AND WATER REQUIREMENTS

3.1 POPULATION PROJECTION

The population of the study area was taken from the Comprehensive

Engineering Report, (Black & Veatch, Inc., Engineers-Architects, Asheboro,

North Carolina, 1984) and The Carrying Capacity study, (Booz, Allen and

Hamilton, 1986). Both reports projected the permanent and seasonal population
as illustrated in Table 3.0. The population projections are relatively close
in both reports.

The area is experiencing moderate growth and this trend is expected to
continue. Therefore, the medium growth projection in Table 3.0 will be used

to determine the water requirement of the area.
3.2 WATER REQUIREMENT
Water usage rates vary during different times of the day and periods of

the year. Demand rates are defined by the following terms:

Annual Average Day. Computed by dividing the total annual water production

by 365. This value id useful in determining annual operation and maintenance

cost, and long-range water resource requirements.

Maximum Day. The maximum amount of water used in any 24-hour period. This
number is used to determine treatment plant capacity. A water system would be
capable of supplying the maximum day demand without depleting storage. Also,
raw water supply facilities must be capable of delivering the maximum day

demand.

Maximum Hour. The average amount of water used in a peak period during a

maximum day (or near maximum day). Typically, it occurs during late afternoon
and early evening for a duration of 3 or 4 hours. Although it occurs for only
a few hours, this demand is usually expressed in the same units (mgd) as
maximum day and annual average day. This number is used to size distribution
mains, and pumping and storage, since storage reservoirs are used to supply

the difference between maximum day and maximum hour rates.
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Average Off-Season Day. Computed by dividing the total water production from

October through March by 182 days. This value is used to determine water

requirements and the approximate system needs during off-peak periods.

Average Peak-Season Day. Computed by dividing the total water produced from

June through Labor Day by 97 days. This value is used to determine sustained
peak usage, which is useful in determining staffing, treatment chemical

inventories, and preventive maintenance schedules.

Ratios. The ratios of Maximum Day, Maximum Hour, Average Off-Season Day,

and Average Peak-Season Day to Annual Average Day (MD/AAD, MH/AAD, AOSD/AAD,
and APSD/AAD) are all useful for projecting future water requirements and for
recognizing changes in water use patterns. These ratios will fluctuate from
year to year, but, in a stable vater system, will remain fairly constant. A
consistent change (up or down) in any of these ratios indicates a change in
wvater use patterns, often caused by changing water system socio-economic
status or by changes in industrial or commercial water users. Thus, these

ratios can be used to improve the accuracy of future water requirements

projections.

The projected future water requirement is shown in Table 3-1. The
projections for maximum day are based on 105 gallons per capita per day

and the medium population projection of The Carrying Capacity study of

Section 3.0.
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Comprehensive Engineering
Report (1984)

Carrying Capacity
Study (1986)

Low Growth
Medium Growth

Rapid Growth
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TABLE 3.0
POPULATION PROJECTION, PERMANENT AND SEASONAL

5,555
5,555

5,555

5,813
6,116

6,963

6,151
6,850

9,028

2000 2005
6,1607,339
6,514 ———-
7,806 —
11,942 ———




Maximum Day (1)

Maximum Hour (2)

Annual Average (3)

(1) 105 gpcd

(2) 2 times Maximum Day

(3) 0.30 times Maximum Day

Dare County/02581.204
2

TABLE 3-1

WATER REQUIREMENTS (mgd)

2005 2010
0.92 1.02
1.84 2.04
0.28 0.31




4.0 WATER FACILITIES DESIGN

4.1 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.

Previous studies have also identified a need in this area for a safe and
dependable potable water supply that would serve current and future
development.

Within the past several years, Dare County has initiated an extensive
study of the groundwater resources on the Outer Banks. The study is being
conducted now on the northern section of the Outer Banks near Kill Devil
Hills. The data already collected will be used in this study to determine the
needs in the Rodanthe, Waves, and Salvo area. This data would typically
represent the general condition of all of the Outer Banks and should be

sufficient for the planning purposes described in this report.

4.1.1 Groundwater Exploration

In order to determine whether any groundwater exists which can be treated
by desalination, a testing project was undertaken. A test well was drilled in
Rodanthe approximately 300 feet south of the Chicamacomico Lifesaving Station.
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 desalina-
tion project, although the aquifers were expected to be deeper due to the

general slope of the geological plates. The drilling located the following

aquifers.

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

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

Ocean.
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0 Yorktown Aguifer. The Yorktown aquifer was found at elevations 330
to 600 feet, or about the same depths as in Kill Devil Hills. The
water is of varying quality, from moderately brackish at the top to
half seawater strength at the bottom.

) 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 wvater would be
highly saline and deep well drilling costs would be too great.

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, and the
results of these analyses are shown in Table 4-6.

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. An 8-inch diameter stainless steel casing 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 430 gpm, or less than half of the driller’s estimate
of well capacity. This pumping rate and the screen setting depth wvere
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. The long-duration pump
test was terminated after 11 days due to equipment problems, although it was

originally intended to pump for 15 to 20 days.

4.1.2 Quality

Table 4-7 shovs the results of 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 vere made each weekday during the test. Samples
were also collected and sent to the laboratory at approximately weekly
intervals, to be analyzed for a broad range of constituents which are factors

in desalination process design.
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The analyses show 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. The high level of alkalinity, when combined with the low
calcium concentration, does pose a problem. The finished water will be
corrosive due to the excellent removal by 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 vater. Blending
of rav water with RO permeate will also help to stabilize the treated water,
but blending may be limited by other factors.

Additional aspects of water quality which require careful consideration
are the relatively high levels of TOC and turbidity. It is possible that
rapid sand filtration will be required to remove these constituents ahead of
the RO membranes in order to protect the membranes. The possibility of
blending some untreated raw water with RO permeate might be limited due to the
TOC and turbidity. A pilot plant study would be helpful to determine the
effect of these constraints, but is not essential.

The evaluation of the water quality of the Yorktown aquifer in Rodanthe
shows 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 make certain that the plant can successfully treat

this water.

4.1.3 Quantity

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
allov high yielding wells, in excess of 1,000 gpm, and perhaps as high as

2,000 gpm. This is confirmed by drawdown measurements during pump testing.
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The apparent specific capacity of the completed well is 20 gpm/foot.
At a 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.
However, as a part of any well field design associated with implementation of
a desalination plant, further evaluation of aquifer yield, well spacing, and

well design should be made from data gathered during the well test.

4.1.4 Facilities Required

4.1.4.1 Wells. The projected wells required for the design period are shown
in Table &4-1.

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. A test well has been constructed on a four-acre site at the north
edge of Rodanthe in order to verify both quantity and quality of water supply
for reverse osmosis treatment.

It is also projected that one additional well be provided to serve as a
back-up for emergencies. This well could be delayed until sufficient data is
available to determine when it actually will be needed. GMI, a groundwater
consulting firm, analyzed the data of the test well near Kill Devil Hills.
GMI’s typical well constraction design is shown in Figure 3. This typical
well design was used to determine the probable well construction cost shown in
Table 4.3.

4.1.4.2 Raw Water Transmission Main. No significant raw water transmission

main will be required, since only two wells are required. Raw water piping
should be of inert material, preferably PVC or fiberglass.

4.1.4.3 Pretreatment. The pretreatment normally required for a groundwater

desalination plant is less stringent than for desalination of surface water.
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TABLE 4-1
PRODUCTION WELLS REQUIRED

*# A total of two wells will be required

Dare County/02581.204
8

Design Year Water Demand (mgd) Well Capacity (mgd) No of Wells*
1995 0.72 1.29 2.00
2000 0.82 1.29 2.00
2005 0.92 1.29 2.00
2010 1.02 1.29 2.00

for 1995, as well as 2010.
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2000

2005

2010

TABLE 4-2

WATER TREATMENT OPERATION AND MAINTENANCE COST

Annual Average

gallons/day
220,000
259,000
280,000

310,000

Dare County/02581.204
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Annual O&M Cost

($)
258,000
309,000
370,000

440,000

Cost /1,000 Gallons
($)

3.21
3.39
3.62

3.89




Maximum Hour & Emergency

State Regulation
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TABLE 4-3
REQUIRED STORAGE VOLUME

1995
240,000

720,000

2000
273,000

820,000

2005
306,000

920,000

2010
340,000

1,020,000




